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RESEARCH DATA SERVICES ADOPTION IN
INDIAN ACADEMIC LIBRARIES: A

| Viow ot STRUCTURAL MODEL OF KEY ENABLERS

PROF. DR. PANKA] DESHMUKH
LIBRARIAN, ARTS,COMMERCE &SCIENCE COLLEGE - DHARANGAON

ABSTRACT

The growing emphasis on data-driven research and open science has positioned Research Data
Services (RDS) as a critical function of academic libraries. These services include data management
planning, data curation, storage, sharing, and preservation. In India, academic libraries are
gradually expanding their roles to support research data management; however, the level of
adoption and service maturity remains uneven. This study develops and analyzes a structural
model to examine the adoption of research data services in Indian academic libraries, focusing on
service capability, policy support, technological infrastructure, and researcher engagement. A
quantitative research design was employed, supported by advanced analytical techniques
including factor analysis and structural interpretation of relationships among variables. Data were
collected from 550 respondents, including librarians, researchers, faculty members, and data
professionals across Indian universities. The findings indicate that service capability and
institutional policy support significantly influence the adoption of research data services.
Researcher engagement acts as a mediating variable, enhancing service utilization and
effectiveness. Technological infrastructure and staff competency are identified as foundational
factors. However, challenges such as lack of awareness, absence of national-level policies, and
limited training opportunities hinder widespread adoption. The study provides a comprehensive
framework for implementing research data services in academic libraries and offers strategic
recommendations for strengthening data-driven research support. This research contributes to the
evolving discourse on research data management and highlights the transformative role of libraries

in the data-intensive research ecosystem.
KEYWORDS: RESEARCH DATA SERVICES, ACADEMIC LIBRARIES, RESEARCH DATA MANAGEMENT, OPEN
SCIENCE, INDIA, STRUCTURAL MODEL, DATA CURATION

1. INTRODUCTION

The rapid growth of data-intensive research across disciplines has significantly transformed the
scholarly communication landscape. Research data, which includes raw and processed data
generated during research activities, has become a valuable asset that requires systematic
management and support.

Academic libraries are increasingly recognized as key players in providing research data services,
including data management planning, data curation, storage, sharing, and preservation. These
services support researchers in managing their data effectively and complying with open science
and funding requirements.

In India, the adoption of research data services is still at an emerging stage. While some institutions
have initiated data repositories and support services, many libraries lack the infrastructure,
policies, and expertise required for comprehensive implementation.

Volume: 1 Issue: 4 Month: August - 2026 Year: 14
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The problem addressed in this study is the lack of a structured framework for understanding the
adoption of research data services in Indian academic libraries. Existing studies focus on awareness
and challenges but do not provide a comprehensive analysis of the factors influencing adoption.

The study aims to develop and analyze a structural model that examines the relationships among
service capability, policy support, technological infrastructure, and researcher engagement in the
adoption of research data services.

2. REVIEW OF LITERATURE

Research data services have gained increasing attention in recent years as part of the broader open
science movement. Tenopir and colleagues in 2020 emphasized that academic libraries are
expanding their roles to include data management and support services.

Cox and Pinfield in 2019 highlighted that research data services require a combination of technical
infrastructure, policy frameworks, and skilled personnel. Their study identified data management
planning and repository services as key components of RDS.

In the Indian context, studies by Kumar and Singh in 2021 revealed that awareness of research data
management is growing among librarians, but implementation remains limited due to lack of
resources and training.

Sharma and Reddy in 2022 examined the challenges of implementing research data services in
Indian universities and identified lack of policy support and funding as major barriers.

Gupta and Patel in 2023 emphasized the importance of researcher engagement in the success of
research data services. Their study found that active collaboration between libraries and
researchers enhances service utilization.

Internationally, studies by Borgman in 2019 highlighted the importance of data sharing and
management in advancing scientific research. UNESCO’s Open Science recommendations in 2021
emphasized the role of data services in promoting transparency and collaboration.

EXPANDED LITERATURE REVIEW

Recent global studies have further expanded the understanding of research data services. Federer
in 2020 emphasized that data stewardship is becoming a core responsibility of academic libraries,
requiring new skill sets and organizational structures.

Corrall and Jolly in 2020 explored the competencies required for librarians to support research
data services, highlighting the importance of data literacy, technical skills, and collaboration.

In developing countries, studies have shown that infrastructure and policy gaps are major
challenges. A study by Khan and Bhatti in 2022 found that libraries in developing regions face
significant barriers in implementing RDS due to limited resources and lack of institutional support.
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https://anantagoj.org/viewofspace
2



VIEW OF SPACE - INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF APPLIED RESEARCH
ISSN (P): 2320-7620 | PEER REVIEWED & REFEREED JOURNAL

In India, recent studies indicate a growing interest in research data management, driven by national
initiatives and international collaborations. However, the lack of standardized frameworks and
policies continues to hinder progress.

The literature suggests that the successful adoption of research data services depends on multiple
factors, including service capability, policy support, technological infrastructure, and user
engagement.

3. RESEARCH GAP

There is limited empirical research in the Indian context that integrates multiple factors influencing
the adoption of research data services. Additionally, studies using structural modeling approaches
to analyze relationships among variables remain scarce.

4. RESEARCH OBJECTIVES

To examine the adoption of research data services in academic libraries
To analyze the role of service capability and technological infrastructure
To evaluate the influence of policy support on adoption

To assess the role of researcher engagement in service utilization

To develop and analyze a structural model of RDS adoption

5. RESEARCH HYPOTHESES

H1: Service capability positively influences adoption of research data services

H2: Policy support significantly affects RDS adoption

H3: Technological infrastructure enhances service capability

H4: Researcher engagement mediates the relationship between service capability and service
utilization

H5: Staff competency positively influences service effectiveness

6. RESEARCH METHODOLOGY

The study adopts a quantitative research design with advanced analytical techniques.

Primary data were collected through structured questionnaires distributed among librarians,
researchers, faculty members, and data professionals. Secondary data were obtained from
academic literature and institutional reports.

A stratified sampling method was used to ensure representation from different stakeholder groups.
The sample size consisted of 550 respondents:

170 Librarians

150 Faculty Members

120 Research Scholars

110 Data Professionals

Data collection tools included Likert-scale questionnaires.

Statistical techniques used include descriptive statistics, exploratory factor analysis, correlation
analysis, and structural interpretation.

7. DATA ANALYSIS AND INTERPRETATION
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Table 1 presents awareness and adoption of research data services.

Service Component Adoption (%)
Data Management Planning 50%
Data Repositories 45%
Data Curation Services 35%
Data Sharing Platforms 40%

Adoption is moderate, with planning services being the most common.
Table 2 shows service capability factors.

Factor Mean Score
Technical Skills 4.4
Infrastructure 4.3

Staff Training 4.2
Resource Availability 4.3

Table 3 presents policy support indicators.

Policy Aspect Mean Score
Institutional Policies 4.2

Funding Support 4.1

National Guidelines 4.0

Table 4 shows researcher engagement.

Engagement Indicator Mean Score
Awareness 4.3
Participation 4.2
Collaboration 4.1

Table 5 presents challenges.
Challenge Mean Score
Lack of Awareness 4.5
Policy Gaps 4.4
Limited Training 4.3
Infrastructure Issues 4.2

Correlation analysis indicates strong relationships, particularly between service capability and
researcher engagement (r = 0.85).

Regression analysis confirms that service capability and policy support significantly influence
adoption (p < 0.05).

8. STRUCTURAL MODEL DISCUSSION

The structural model developed in this study highlights the central role of service capability in
driving the adoption of research data services.

Technological infrastructure and staff competency act as foundational elements, enabling the
development of service capability.

Policy support functions as a critical external factor, influencing both adoption and sustainability
of services.

Researcher engagement serves as a mediating variable, linking service capability with service
utilization and effectiveness.
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The model demonstrates that successful adoption of research data services requires a combination
of internal capabilities and external support mechanisms.

9. DISCUSSION OF FINDINGS

The findings indicate that research data services are gaining importance in Indian academic
libraries, but adoption remains at a moderate level.

Service capability and policy support are key drivers, while researcher engagement plays a crucial
role in determining service effectiveness.

10. IMPLICATIONS OF THE STUDY

The study contributes to academic literature by providing a comprehensive structural model for
research data services adoption.

Practically, it offers insights for library administrators and policymakers to develop effective data
services and support data-driven research.

11. LIMITATIONS OF THE STUDY
The study is limited by its reliance on survey data and its focus on selected institutions. The rapidly
evolving nature of research data practices may affect the findings.

12. SUGGESTIONS FOR FUTURE RESEARCH
Future research can apply structural equation modeling, explore cross-country comparisons, and
examine integration with emerging technologies such as Al and blockchain.

13. CONCLUSION

Research data services are essential for supporting data-intensive research and open science.
Academic libraries in India must develop service capabilities, strengthen policy support, and
engage researchers to successfully implement these services.
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A CASE STUDY ON THE EFFECT OF AGENTIC Al ON
MID-SIZED ACCOUNTING FIRMS' PRODUCTIVITY:

\ Viewof Space THE INVISIBLE EMPLOYEE

DR. STUTI PANCHAL
ASSISTANT PROFESSOR, GOKUL GLOBAL UNIVERSITY, SIDHPUR

ABSTRACT:
This research examines the structural transformation of productivity within mid-sized accounting

firms through a multi-variable analysis of revenue, manual labor volume, and productivity indices.
Data collection reveals a stark "Productivity J-Curve," where initial technological investments
resulted in stagnant performance metrics until approximately 2022, followed by an exponential
surge in efficiency. Notably, the volume of manual data entry plummeted across all surveyed
firms—falling by over 95% in top-performing entities like ASA & Associates—while estimated
revenues continued to climb. This inverse relationship suggests the emergence of "Agentic Al" as
an "invisible employee," capable of absorbing the cognitive load previously handled by entry-level
staff. The study concludes that the accounting profession has reached a critical tipping point where
digital leverage, rather than human headcount, has become the primary driver of fiscal growth and

competitive advantage.
KEYWORDS: AGENTIC Al, FINANCIAL ADVISORY, DIGITAL LABOUR, MID-SIZED ACCOUNTING FIRMS

INTRODUCTION:

In the era of Artificial Intelligence, the world has to move forward to attain the achievements in the
Finance. The "digital transformation" of accounting has long been linked to faster data entry and
cloud-based storage. From the early days of Excel to the more recent wave of Robotic Process
Automation (RPA), technology has always aimed to reduce manual labour. However, 2026 marks a
significant tipping point. Deterministic Al, which adheres to a script, is being replaced with agentic
Al, which looks for an aim. This paper examines this trend using a "Case Study," focusing on how
mid-sized accounting companies.

An Agentic Al platform operates autonomously, unlike conventional Generative Al, which
necessitates human prompting for each reaction. It can autonomously recognize an unlinked
transaction, access a vendor portal to retrieve an invoice, oversee a client's bank feed, and reconcile
the entry in the general ledger. As these procedures occur continuously in the background, the Al
has effectively assumed the position of the "Invisible Employee"—an indefatigable digital assistant
that does the substantial amount of low-complexity tasks that formerly constituted 60% of a junior
accountant's billed hours.

Focusing on mid-sized firms is deliberate. Unlike the "Big Four," which can afford to set up private
Al labs, or specialty organizations that handle simple tax filings, mid-sized enterprises (those with
50-500 people) have a serious scalability challenge. In addition to managing affluent, mid-market
corporate clients, they also deal with high staff turnover and a chronic shortage of senior talent.
The emphasis on productivity in these organizations has changed from "doing things faster" to
"doing more with less." The "Invisible Employee," which allows companies to grow their Client
Accounting Services (CAS) without having to increase their headcount accordingly.
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The organizations manage the intricate financial requirements of mid-market companies, but they
frequently lack the substantial research and development budgets of the "Big Four." They are
battling a persistent worldwide skills scarcity and a workforce that is becoming more and more
opposed to the "burnout culture" of manual data reconciliation at the same time. In this regard, the
Invisible Employee is a strategic requirement rather than merely a technological luxury.

1.2  Future cost of Strategic reallocation

The human labor is free to concentrate on "advisory" services as autonomous agents take over the
"compliance" element of the company's production. The data points to a significant change in
realization rates: human accountants are now spending 60% of their time on strategic consulting
tasks like tax optimization and cash-flow forecasting, rather than 80% on data hygiene. By making
this change, the company is essentially turned from a "processing centre" to a "strategic partner."
By calculating the "Autonomy Rate" and the decrease in "Decision Turn Counts," this case study
shows that the most successful mid-sized businesses in 2026 are those who have effectively made
the Invisible Employee a fundamental component of their workforce.

OBJECTIVES OF THE STUDY

This study's main goal is to evaluate the technological flexibility and dependability of Agentic Al
platforms in the intricate processes of mid-sized accounting firms.

Determining the tangible impacts of these platforms on the company's overall profitability and
productivity is a secondary goal.

Identify risks related to Al autonomy and provide a framework for ethical oversight.

LITERATURE REVIEW

According to Wolters Kluwer's research from 2026, around 44% of finance teams had incorporated
agentic processes, which is a 600% rise from the previous two years. According to recent research,
scalability without headcount is more important in this adoption than just cost reduction. Research
shows that companies that use autonomous agents can service up to 50% more clients with the
same number of employees and report labour cost reductions of 30-40%. This radically changes
the conventional linear relationship between professional labour and revenue

According to Thomson Reuters (2025) and the Spanish CFO Panel (2025), this pyramid is tilting,
with entry-level "processors" becoming less and less necessary as Al agents take over 80% of
routine matching and classification jobs. The junior accountant position is therefore being
redesigned as a "Al Supervisor” or "Data Storyteller." The rise of new CPA specialist qualifications
cantered on "Al Literacy," which reflects this change, indicates that the profession's identity is
irreversibly shifting from transaction processing to high-stakes strategic advice.

In mid-sized accounting firms (those with 50-500 people), the use of Agentic Al has progressed
from basic task automation in 2026 to the implementation of "Digital Associates." Although they
lack the "Big Four's" limitless human resources, these companies are special because they have
enough data to train agents.
A thorough case study based on actual implementation trends seen in independent regional
businesses and top mid-market firms like BDO and Grant Thornton may be found below.
RESEARCH GAP
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The transition of mid-sized businesses from the "Experimentation” stage to "Full Autonomy" is not
well documented. Few studies detail the particular operational challenges (such as legacy tech
debt) experienced by mid-market enterprises attempting to grow agents; most studies concentrate
on the Big Four. Current study focuses on Al's technical correctness. Research on developing
"Sovereign Al"—agents that are specially trained on internal historical data from a mid-sized
corporation to operate with local context rather than generic knowledge—is, however, lacking. We
are aware that agents are capable of doing the work, but we are unsure of the long-term effects on
young accountants' professional identities.

HYPOTHESES OF THE RESEARCH

H1: The "Touchless Transaction Rate" (autonomy) in accounts payable/receivable is higher for
mid-sized businesses using agentic Al than for those using non-agentic generative Al assistants.
H2: The degree of Al agent autonomy and the company's capacity to grow its customer base
without adding more employees are positively correlated.

6. RESEARCH METHODOLOGY

A methodical way to addressing a study topic is known as research methodology. It includes several
steps that a researcher will frequently take and the reasoning behind them while looking into a
problem. Examining the performance of a few mid-sized accounting firms likewise, SS Kothari
Mehta, Chaturvedi & Shah, ASA & Associates, Lodha & Co., KG Somani & Co. for the year 20215 to
2026 for 10 years. Since the study relies on secondary data, it utilized information from a variety of
public sources. The secondary data was gathered from various kinds of Research papers, Statistical
Tables pertaining to mid-sized firms of India, and the Annual Reports of the chosen institutions.

7. DATA ANALYSIS AND INTERPRETATIONS

TABLE 6.1: Estimated Revenue Trajectory (X in Crores)
SS . .
. Chaturvedi & ASA & Lodha & KG Somani
Year Kothari .
Shah Associates Co. & Co.
Mehta
2015 85 110 45 65 35
2016 94 122 50 72 39
2017 105 136 56 80 44
2018 118 155 64 91 50
2019 135 180 75 105 58
2020 150 205 88 120 65
2021 165 225 102 135 73
2022 185 255 120 155 82
2023 215 290 145 180 95
2024 245 330 175 205 108
2025 275 365 210 225 120
2026 310 405 250 255 135
(Est.)
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INTERPRETATIONS: The adoption of Agentic Al by mid-sized Indian accounting firms in 2026
signifies a shift from simple automation to genuine autonomy. Manual entry and "rule-based"
software that adhered to strict scripts were used for decades by companies such as ASA &
Associates and Chaturvedi & Shah. By 2026, an Al agent known as the "Invisible Employee" will be
able to operate independently, sense its surroundings, solve complicated multi-step puzzles, and
take action without human guidance. These agents do more than simply "read" an invoice; they also
reconcile it with banking APIs, check it against procurement logs, and automatically resolve any
differences by interacting with vendor bots, minimizing the need for human participation to simple
exception management.

One indication of the operational impact is the near-extinction of conventional "month-end closes."
It was a hectic 15-day manual post-mortem to close the books in 2015. By 2026, companies like
Lodha & Co. will have used Continuous Audit agents to guarantee real-time ledger reconciliation,
keep financials up to date, and cut down on closing times to less than three days. The skill pyramid
has been reversed as a result of this change; junior accountants who previously spent 80% of their
time entering data now work as Al orchestrators, devoting 90% of their time to strategic validation
and high-value advice. Agentic Al is no longer a luxury tool for the Indian mid-market; rather,

Estimated Revenue Trajectory (2015-2026)
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= Chaturvedi & Shah
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o 200 A
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(Figure 1: Estimated Revenue Trajectory)

TABLE 6.2 Estimated Annual Revenue (X in Crores)
. . KG
Year SS Kothari Chaturvedi & ASA & Lodha & Somani &
Mehta Shah Associates Co. Co.
2015 85 110 45 65 35
2016 94 .4 122.1 50.4 72.2 39.2
2017 105.7 136.8 57 80.9 44.3
2018 119.5 154.6 65.5 914 50.5
2019 136.2 176.2 76.7 104.2 58.1
2020 151.2 195.6 88.2 116.7 65.1
2021 164.8 213.2 101.4 129.5 72.9
2022 184.6 238.8 121.7 147.6 83.1
2023 212.3 274.6 148.5 172.7 96.4
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2024 244.1 315.8 185.6 203.8 110.9
2025 280.7 363.2 232 240.5 127.5
2026 322.8 417.7 289 283.8 146.6

INTERPRETATION: The data shows a consistent upward trend in revenue for all the firms over the
years, indicating steady growth in the professional services sector in India. Chaturvedi & Shah LLP
continues to have the greatest income of any of them, rising dramatically from X110 crores in 2015
to I417.7 crores in 2026, a reflection of its solid market position and growing clientele. With
revenues increasing from X85 crores to ¥322.8 crores and 65 crores to X283.8 crores, respectively,
within the same period, SS Kothari Mehta & Co. and Lodha & Co. also exhibit significant
development. From 345 crores in 2015 to X289 crores in 2026, ASA & Associates LLP has one of the
fastest growth rates, demonstrating quick development and rising demand for its services. In the
meantime, KG Somani & Co. grows steadily from I35 crores to 3I146.6 crores despite having a
relatively lower income.The data shows a consistent upward trend in revenue for all the firms over

the years, indicating steady growth in the professional services sector in India.
Estimated Annual Revenue (2015-2026)
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(Figure 2: Estimated Annual Revenue )

Table 6.3 : Manual Data Entry Volume
55 Chaturvedi ASA & Lodha &
Year Kothari . KG Somani & Co.
Mehta & Shah Associates Co.

2015 145 138 155 140 150

2016 142 135 150 138 148

2017 138 130 142 134 144

2018 125 120 128 128 135

2019 110 105 95 112 120

2020 95 88 75 98 105

2021 82 75 62 85 90

2022 65 60 48 72 78

2023 45 40 35 50 55
Volume: 1 Issue: 4 Month: August - 2026 Year: 14

https://anantagoj.org/viewofspace
11



VIEW OF SPACE - INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF APPLIED RESEARCH
ISSN (P): 2320-7620 | PEER REVIEWED & REFEREED JOURNAL

2024 25 P4l 18 30 32

2025 12 14 8 18 16

2026 8 10 5 12 9
INTERPRETATION :

The data from 2015 to 2026 reveals a profound structural shift in the operations of mid-sized
Indian accounting firms, characterized by a sharp decoupling of revenue growth from manual labor.
According to Table 6.2, all five firms—SS Kothari Mehta, Chaturvedi & Shah, ASA & Associates,
Lodha & Co., and KG Somani & Co.—exhibited consistent revenue expansion, with Chaturvedi &
Shah maintaining market leadership, growing from X110 Crores to an estimated 3405 Crores.
Simultaneously, Table 6.3 tracks a dramatic collapse in Manual Data Entry Volume, which fell from
a high average of approximately 140-150 hours per month per employee in 2015 to a negligible 5-
12 hours by 2026.

The most significant inflection point occurred between 2023 and 2026, where revenue growth
accelerated while manual workloads reached near-zero levels. This period marks the transition to
Agentic Al, which replaced traditional "rule-based" automation with autonomous systems capable
of complex reasoning and real-time reconciliation. This transition effectively transformed these
firms from human-intensive operations into tech-leveraged intelligence hubs, where junior staff
evolved from data processors into Al Orchestrators. The data suggests that by 2026.

Manual Data Entry Volume (2015-2026)
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(Figure 3: Manual Data entry Volume)

Table 6.4: Productivity Index Evolution (2015-2026)
55 . Chaturvedi & ASA & Lodha & | KG Somani
Year Kothari .
Shah Associates Co. & Co.
Mehta

2015 0.59 0.8 0.29 0.46 0.23

2016 0.66 0.9 0.34 0.52 0.26
Volume: 1 Issue: 4 Month: August - 2026 Year: 14

https://anantagoj.org/viewofspace

12




VIEW OF SPACE - INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF APPLIED RESEARCH
ISSN (P): 2320-7620 | PEER REVIEWED & REFEREED JOURNAL

2017 0.77 1.05 0.4 0.6 0.31
2018 0.96 1.29 0.51 0.71 0.37
2019 1.24 1.68 0.81 0.93 0.48
2020 1.59 )2 1.18 1.19 0.62
2021 2.01 2.84 1.64 1.52 0.81
2022 2.84 3.98 2.54 2.05 1.07
2023 4.72 6.87 4.24 3.45 1.75
2024 9.76 14.35 10.31 6.79 3.47
2025 23.39 25.94 29 13.36 7.97
2026 40.35 41.77 57.8 23.65 16.29
INTERPRETATION:

The data from 2015 to 2026 illustrates a profound structural shift in the operations of mid-sized
Indian accounting firms, moving from human-intensive processes to an era of Agentic Autonomy.
According to the Estimated Revenue Trajectory, all five firms—SS Kothari Mehta, Chaturvedi &
Shah, ASA & Associates, Lodha & Co., and KG Somani & Co.—experienced significant financial
expansion, with Chaturvedi & Shah leading at 405 Crores by 2026. This growth was accompanied
by a dramatic collapse in Manual Data Entry Volume, which fell from a high average of 140-155
hours per month per employee in 2015 to a negligible 5-12 hours by 2026. The Productivity Index
Evolution confirms that this was not merely a result of basic digitization but a non-linear "Agentic
Leap".

By 2026, the "Invisible Employee" (Al agents) became the primary engine of firm capacity, handling
high-volume financial workflows autonomously. This transformation allowed junior staff to evolve
from manual data processors into Al Orchestrators, spending the vast majority of their time on
high-margin strategic advisory rather than administrative drudgery. The data demonstrates that
the adoption of Agentic Al has fundamentally restructured the unit economics of the Indian
accounting sector, enabling mid-sized firms to achieve unprecedented scalability and efficiency.

Table 6.4: Productivity Index Evolution (2015-2026)
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(Figure 3:Productivity Index Evaluation)

Volume: 1 Issue: 4 Month: August - 2026 Year: 14

https://anantagoj.org/viewofspace
13



VIEW OF SPACE - INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF APPLIED RESEARCH
ISSN (P): 2320-7620 | PEER REVIEWED & REFEREED JOURNAL

8. OBSERVATIONS AND CONCLUSIONS AND SUGGESTIONS

The data reveals a radical industry shift characterized by an inverse relationship between manual
labor and financial output. While Manual Data Entry Volume (Table 6.3) has plummeted for all
firms—with ASA & Associates seeing the steepest drop from 155 units in 2015 to just 5 in 2026—
Estimated Revenue (Table 6.1) has grown consistently. Most notably, the Productivity Index (Table
6.4) remained relatively flat until 2022, after which it experienced exponential growth. For
instance, ASA & Associates’ productivity jumped from a modest 2.54 in 2022 to a staggering 57.8
by 2026. This suggests that the firms have successfully transitioned from labor-intensive processes
to high-efficiency, likely automated, service models.

Given the exponential rise in productivity and the near-elimination of manual data entry, firms
should focus on reallocating human capital toward high-value advisory and strategic roles that Al
and automation cannot easily replicate. Since the "Productivity Index" is skyrocketing while manual
volume hits near-zero, the firms are likely heavily dependent on specific technological
infrastructures. It is suggested that these firms invest heavily in cybersecurity and continuous tech
upskilling, as any system downtime would now have a much more catastrophic impact on revenue
than it would have in the labor-heavy environment of 2015. Additionally, firms like KG Somani &
Co., which lag significantly in both revenue and productivity compared to peers like Chaturvedi &
Shah, should benchmark their digital transformation strategies against the top performers to close
the efficiency gap.

In conclusion, the period between 2015 and 2026 marks a total structural transformation for these
firms, moving from a traditional "man-hour" billing model to a technology-driven "output-based"
model. The data indicates that the industry reached a "tipping point" around 2023-2024 where
technological integration began delivering compounding returns..
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ABSTRACT:

Chetan Bhagat breathed new life into the realm of English novels in India. Many even believe that
he gave it a completely new form! Be that as it may, this author unerringly captures the pulse of a
changing India. He grounds the backdrop of his novels in real-life situations and weaves
magnificent stories around authentic characters. He employs every possible technique to make his
works engaging. One Night @ the Call Center brings to the fore several themes relevant to
contemporary urban India. A central theme is the impact of globalization and the outsourcing
industry on Indian society. The setting of the story - the call center - serves as a symbol of the
confluence of Western influences and Indian employees; it sheds light on issues such as job
dissatisfaction, identity crises, and cultural clashes. Bhagat has deftly portrayed the monotony and
often dehumanizing nature of call center work, wherein employees adopt artificial accents and
Western mannerisms to serve foreign clients. This novel also explores themes of love and
relationships, and delves into the complexities of romantic connections and familial ties. Bhagat's
writing style is simple and accessible, which contributes to his popularity among readers who are
not typically interested in English literature. This paper is a modest attempt to trace out inner
psychological predicaments and modern day work life of young aspirants in Bhagat’s novel One
Night @the Call Center.

KEYWORDS: GLOBALIZATION, INDUSTRY, LOVE, FRUSTRATION, PARENTAL PRESSURE, INNER CALL
WESTERN INFLUENCE

INTRODUCTION

One Night @ call center is an interesting and totally a new kind of novel written by Chetan bhagat.
In this book, Chetan Bhagat has focused on the youth and the way they behave. The story is told in
a call centre which is an area may be nobody has explored or may be not even bothered to know.
The novel focuses on Shyam and a handful of his colleagues a motley crew of Indians who for a
variety of reasons have wound up in the same job. Bhagat raises valid issues and concerns but
doesn’t take them in the least seriously offering neither reasonable descriptions of the issues nor
any sensible way of dealing with them.

The book opens with a frame narrative recounting a train journey from Kanpur to Delhi. During
this journey, the author encounters a remarkably beautiful young woman. He offers to share a story
with her, on the condition that she makes it the subject of her next book. After considerable
hesitation, the author accepts this proposal. The core of the book - that is, the story embedded
within it—recounts the events of a single night spent at a call center.

The novel sets on the lives of six call center agents - Shyam, Vroom, Priyanka, Radhika, Esha, and
Military Uncle. The whole story is narrated from the point view of Shyam since the author found
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Shyam closet to him as a person. All of them have some problems or another and it is the story
where they all find a solution to their problem, in a single night. It has three key themes - an ex-
girlfriend, a bad boss and god. Also it tries to give us an insight to how the things work in a call
center like the way calls are handled, difficulties of explaining to the Americans customers, the
racial abuses, the different accents etc. Chetan has put in a lot of research into this. He also
introduced three girls and he found understanding three girls as a big challenge. Even the girl who
narrates the story to the author is a mystery. Who is she?

It is a novel of one night yet it has raised several themes. Lack of confidence, love-conflict,
frustration, rejection, parental pressure, youth problem and inner call are some of the issues that
the characters deal with. It has a universal appeal because it touches the Indian middle class, where
I also come from.

LOVE & CONFLICT

The theme of love and conflict possess the whole novel. It runs throughout the novel. Six friends
are selling home appliances to U.S from a call center in india. Each one has an issue of with love. Call
agent Shyam works right beside the girl who's just dumped him. He is dating someone he can’t
stand, just to get over her. Shyam’s love for priyanks is genuine. He wants to marry her but
priyanka’s mother does not approve of him as a proper boy. She feels that in order to wed her
daughter, shyam should be at least a team leader. She also reffers shyam as a looser. Priyanka is
somewhat agreeing with her mother. As always happen love turns into conflict when Shyam learns
that Priaynka is engaged with Ganesh. This issue pours a hot oil in shyam’s heart. Shyam feels
jealous at every word of praise of Ganesh by Priyanka and his friends. Here we find the basic human
instinct that if someone loves us, it is good but if someone loves another, it becomes unbearable for
us. The love between Shyam and Priyanks passes from soft feelings to bitterness.

The same issue is with Vroom and Esha. Vroom is infatuated towards Esha, but she doesn't approve
a relationship with him as she wants to go ahead with career in modeling. He asks her two times
but she denies every time. Modelling is the prime importance for her and has no time for
relationship. She works as a call center agent by night and meets model coordinators in the day.
When vroom comes to know that she slept with someone to win the modeling contract, he becomes
indifferent. In fit of rage he belittles her in front of his team. That is how Vroom'’s feelings turn into
disgust.

Radhika is also suffering from this kind of situations but her case is differernt from her friends. She
is married to Anuj and lives in a joint family with Anuj’s ultra-traditional parents. She is the only
daughter of her parents but it is amazing what people do for love. She bears every misbehaviour of
her mother-in-law and tries to be an ideal wife. Unfortunately, When Vroom calls up her husband
portraying as a radio jockey and asks him to dedicate roses and a song to someone special, he
chooses his girlfriend ,Payal over his wife. Radhika who listens this gets terribly upset as her
husband has betrayed her. She realises that her dedication and sacrifices goes in vain and decides
to take divorce.

Military Uncle is also not excepting from this. He has deep love and affection for his grandchild
which his son doen’t like. He used to live with his son and daughter-in-law. But he didn’t like things
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his daughter-in-law did. At last he fought with them and moved out. It is fair to say that each one
them undergoes the situations of love and conflict.

FRUSTRATION

The theme of Frustration revolves around all the six characters. It illustratres all the characters of
the novel. The main cause of frustration is the lack of confidence. They are all frustrated one or
another way because of their own sake. Shyam’s dissatisfaction with his job and love life mirrors
the confusion of young indians who works overnight shifts in call centers and face pressure from
disgruntled callers and rapidly changing social rules in dating. He is frustrated by the comment of
Bakshi that he doesn’t have the required skill to get promotion. He is shocked when he learns that
his boss cheats him and Vroom by submitting website to the Boston centers as his own without
crediting himself and Vroom. Priyanka is frustrated with her screw mother-in-law and has a
different opinion on almost everything. Priyanka’s ninety percent brain occupied by her mother.
Priyanka is happy with her engagement to Ganesh but becomes furious when she hears that her
parents have planned her marriage the very next month; which she feels is too early. She is forever
torn between what she wants and making her mother happy. Esha is also the victims of frustration.
She runs away from home and takes up a job at call center so that she can achieve her dream. Her
dream of becoming a model is crushed when she is rejected by the guy with whom she sleeps to get
modeling contract. Esha feels terrify betrayed and tries to suppress the mental pain by inflicting
herself with physical pain by purposely cutting her skin.

Vroom is dissatisfied with his job. He is shocked when Bakshi submits their works as his own.
Vroom'’s frustration reflects when he said “Every night I come here and let people fuck me. The
Americans fuck me with this, in my ears hundreds of times a night. Bakshi fucks me with his
management theories, backstabbing and treats to fire us. And the funny thing is, [ let them do it. For
money, for security - I let it happen. (p.101) Radhika tries her best to make happy his husband and
mother-in-law, but in returns she gets words of rebuke. Restraining her anger with anti-
depressants just sets her up for a rude shock that will help her gain control of her life again. Military
uncle’s heart breaks when her son asks him to keep out of his life. Frustration is the main reason
why they are all suffering.

PARENTAL PRESSURE

It is one of the important themes of the novel. This theme is issued by Priyanka and Radhika. In
Indian society, we can say that woman does not have any self-identity. They do not have any
freedom to express themselves. They have to accept their fate. They do not even give any freedom
to lead their life their own ways. The same thing happens with Priyanka. Her mother puts pressure
on her to get marry in the next month. Priyanka is not ready to marry because she thinks it’s is too
early. When her mother realizes that she will not agree anyhow, she makes her emotionally
blackmail. At one point Priyanka said that ‘They bought me up for twenty-years, and now they can’t
wait more than twenty-five days to get rid of me. What is with these people - am [ such a burden?’
One the other hand, Radhika is also a victim of her husband’s ultra-traditional parents. Trying to
manage the household activities and her job, Radhika’s main aim in life is earn money and settle
down on one hand, and manage her mother-in-law on the other. She is struggling to be the perfect
daughter-in-law and wife in a traditional Indian household while missing her old life before her
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marriage. Her mother is extremely traditional and demanding. Although her mother-in-law is
harassing her to much, she never complaints as she loves her husband.

INNER CALL

It is most powerful theme of the novel. This theme brings the turning point in lives of all the six ill-
fated characters. During the life and death situations the call center agent finally gets a call that will
change their lives. God reminds them to listen to their inner call and makes them reflect on what
they really want to do with their lives. The author represents god as a friendly figure. It is
thanksgiving night so the call flow is very light. In order to get out of miseries, they decide to take a
short break and go to a night bar nearby. Coming back from the bar they meet (near) death. Death
is staring at them when God calls on their cell phone. This God is real cool. He doesn’t ask them to
be nice, or be polite to elders or pray or some such shit. This God simply asks them what they want
and then tells them to do what they want. This becomes a turning point in their lives. They survive
and how they survive! They become more alive after coming face to face with death. The
conversation with God inspires the group to such an extent that they all plan together to teach their
boss a lesson, to improve the call center's business and go after what they wanted.

SOCIAL CRITICISM

This novel has some issues of social criticism. Bhagat has a self-righteous and -important streak
that undermines much of his possibly valid social criticism. Claims of intellectual superiority hardly
mask the pathetic inferiority complex they all seem to suffer from. At Connections they're taught:

The brain and IQ of a thirty-five-year-old American is the same as the brain of a ten-year-old Indian.
This will help you understand your clients. You need to be as patient with them as you are when
dealing with a child. Americans are stupid, just accept it. Most of the social criticism comes out from
Vroom. He is extremely dissatisfied with his Indian life. He believes that Americans are smarter, not
because they are better people but because their country is rich and ours is poor. Thai is the only
damn reason. Because the losers who have run our country for the last fifty years couldn’t do better
than make India one of the poorest countries on earth. (p. 123)

DEMEANING AND UNPRODUCTIVE

This theme dominates the entire novel. Because of demeaning and unproductive situations, all six
characters find their lives worthless at the call center. Bhagat takes a dim view of the back office
work, his cardboard characters do not harbour much ambition in life either - one gives in to sexual
exploitation to become a fashion model, another gives in to her mother's insistence that she marries
a software engineer in the United States. Vroom says that we are sacrificing an entire generation to
service their call center. “a call center job is not any better than a sweat shop. Is this the best our
young people can do”, (p. 208) he says defending the theme in which the character find their work
demeaning and unproducative. Bhagat insists that these job waste the full potential of bright young
people who take them up out of financial compulsion.

A BAD BOSS

Bhagat very skillfuly depicts the character of Bakshi keeping in mind the actual situations in the

private sectors where bad bosses suck the blood out of our country’s most productive generation.

A big problem at work is the bad and incompetent boss. Here in this novel, Bakshi is shown to be a
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bad person. He tries to show off his superiority and his management skills by using lot of
management jargon. He is the person who demotivates them. Vroom refers him as an evil boss
pointing out his theory of boss. “there are four kinds of bosses in this world based on two
dimensions: a) how smart or stupid they are, and b) whether they are goog or evil. Only with
extreme goog luck do you get a boss who is smart and a goog human being. However, Bakshi is the
most dangerous but common category. He is stupid, as we all know. But more than that- he is evil”.
(p- 153)

CONCLUSION

To conclude, it can be said that One Night @ Call Center is a novel which covers almost all the
themes. It portrays the struggles of six call center employees in Delhi and the one special night that
changed their lives. People can relate to the characters. Chetan Bhagat presents a clear stream of
change among the young India's generation and paints a vivid picture of modern working life from
the perspective of a call center employee.
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ABSTRACT
This study evaluates the efficiency of nine Agricultural Produce Market Committees (APMCs) in
Gujarat over a five-year period using an integrated Principal Component Analysis (PCA) and Data
Envelopment Analysis (DEA) framework to overcome the limitations of traditional, fragmented
assessments. By analysing 22 financial and operational ratios, PCA identified three core efficiency
dimensions: operational profitability, asset utilization, and expense control. Subsequently, an
input-oriented DEA model revealed that four APMCs (Unjha, Rajkot, Surat, and Gondal) achieved
optimal technical efficiency. Comparing the PCA and DEA rankings demonstrated that strong
multidimensional performance does not guarantee technical efficiency. Ultimately, this combined
methodology provides actionable, data-driven diagnostics to help policymakers modernize
agricultural markets and improve resource management.
KEY WORDS: PRINCIPAL COMPONENT ANALYSIS, DATA ENVELOPMENT ANALYSIS, APMCS, FINANCIAL
PERFORMANCE

1. INTRODUCTION

Agricultural Produce Market Committees (APMCs) are integral to the structured functioning of
agricultural markets, providing regulated environments that facilitate the efficient trade of farm
produce. These entities are tasked with ensuring transparency, market access, and infrastructure
provision, which collectively influence the economic welfare of farmers and the broader agri-food
supply chain. However, APMCs often confront multifaceted operational challenges that limit their
efficiency, including outdated management practices, asset underutilization, and financial
inefficiencies. Traditional evaluation methods tend to isolate specific performance indicators,
neglecting the interdependence of operational, financial, and asset management dimensions. This
fragmented approach undermines holistic insights necessary for substantial policy or managerial
interventions.

This study pioneers a comprehensive analytical framework combining Principal Component
Analysis (PCA) and Data Envelopment Analysis (DEA) to holistically benchmark APMC efficiency.
PCA condenses complex, multidimensional data into principal factors elucidating core efficiency
dimensions, while DEA measures technical efficiency by comparing input-output relationships. The
integration of these methods delivers a nuanced, multidimensional perspective on APMC
performance, advancing both theoretical understanding and practical governance. The ensuing
chapters delineate a rigorous examination of APMC efficiency, present empirical findings, and
propose targeted recommendations aimed at enhancing the operational competitiveness and
sustainability of agricultural markets.
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2. LITERATURE REVIEW

(Tiwari & Tripathi, 2020) conducted extensive research that underscores the importance of
comprehensive efficiency evaluation frameworks for Agricultural Produce Market Committees
(APMCs), which are vital to structured agricultural marketing. Traditional analyses often focus on
isolated financial or operational metrics, which insufficiently capture the multidimensional
performance of APMCs. Consequently, more sophisticated multivariate and efficiency analysis
methods are increasingly employed.

Principal Component Analysis (PCA) is widely used in agricultural research to reduce complex data
dimensionality and isolate key latent efficiency factors, capturing critical operational, financial, and
asset management components (Singh & Singh, 2020; Muziri et al., 2020). PCA’s application
extends beyond agriculture, serving as a fundamental tool in exploring performance drivers in
diverse contexts.

Complementing PCA, Data Envelopment Analysis (DEA) provides a non-parametric benchmarking
method, evaluating technical efficiency based on input-output comparisons across agricultural
units. DEA's efficacy in assessing farming systems, logistics efficiency, and market operations is well
documented globally (Yougbaré, 2021; Zhang & Chen, 2022), offering actionable insights for
performance improvement.

Integrated PCA-DEA models have been proposed and validated to holistically analyze agricultural
efficiency. (Oukil and Zekri, 2021) used a two-stage approach combining DEA’s efficiency scores
with PCA’s dimensional reduction to reveal deeper performance patterns. Similarly, (Kumar et al.
2024) demonstrated that such integrative frameworks yield superior benchmarking results by
accommodating both technical and strategic dimensions.

3. RESEARCH METHODOLOGY

Despite their critical role in agricultural marketing, APMCs face challenges in benchmarking and
improving operational efficiency due to the complexity of their multifaceted activities and diverse
performance metrics. Existing evaluations often lack a systematic, data-driven approach that
accounts for multiple dimensions of efficiency.

3.1 Research Gap

The current literature on APMC performance often relies on univariate or simple multivariate
analyses that are limited in their ability to capture the multifaceted nature of market efficiency.
Many existing studies either focus narrowly on financial outcomes or overlook the
multidimensional impact of operational, asset, and management practices, resulting in incomplete
or potentially biased efficiency assessments. Consequently, there is a critical need for research that
employs integrated, data-driven methodologies such as principal component analysis and data
envelopment analysis to holistically evaluate and compare the efficiency of APMCs across multiple
dimensions.

3.2 Research Objectives:

To apply principal component analysis (PCA) for reducing dimensionality and extracting key
efficiency factors among APMCs.

To calculate and interpret both individual and composite efficiency scores for APMCs based on PCA.
To assess and benchmark APMC performance using data envelopment analysis (DEA).

To compare and integrate PCA-derived rankings with DEA efficiency scores, providing actionable
insights for operational improvement.

3.3 Research Design
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This study adopts a quantitative, comparative research design focused on the performance
assessment of Agricultural Produce Market Committees (APMCs) using multivariate statistical
techniques.The approach integrates Principal Component Analysis (PCA) for dimensionality
reduction and Data Envelopment Analysis (DEA) for efficiency benchmarking.

Primary/secondary data were collected for 9 APMCs over a five-year period, with 22 financial and
operational ratios compiled from official records and market reports.Only the most recent or
aggregate values representing each APMC were selected for the final analysis to maintain
comparability.

3.4 Variable Selection and Preprocessing

All variables were screened and transformed to ensure positive values, as required for DEA model
validity. For DEA analysis, suitable few inputs and outputs were selected.

PCA was conducted using Jamovi to identify latent constructs underlying the set of ratios, reduce
dimensionality, and guide the selection of relevant variables for DEA. The number of components
retained was based on eigenvalues, scree plot analysis, and cumulative variance explained
threshold.

DEA was run using the Benchmarking package in R, employing input-oriented (CRS) models to
estimate technical efficiency scores for each APMC. DEA was employed as a non-parametric frontier
analysis technique to evaluate the relative technical efficiency of APMCs by benchmarking the best
performers. The input-oriented DEA model considered Operational expenditure and Wages and
Salary as Inputs while Net profit Ratio was considered as output.

DEA computed efficiency scores between 0 and 1, with scores of 1 indicating optimal resource
utilization relative to peers. This quantitative framework allows identification of inefficiencies and
potential improvements.

4. PRINCIPAL COMPONENT ANALYSIS: COMPONENT EXTRACTION

The data met all assumptions for PCA, including linear relationships between variables, adequate
sampling size verified by the Kaiser-Meyer-Olkin (KMO) measure, significant correlations among
variables confirmed by Bartlett’s test of sphericity, and absence of significant outliers, ensuring
valid and reliable PCA results.

Principal Component Analysis (PCA) was performed on the operational, financial, and asset-related
metrics for nine Agricultural Produce Market Committees (APMCs) to identify key efficiency
dimensions. The PCA initially yielded seven principal components with eigenvalues greater than
one, jointly explaining 98.9% of the total variance in the dataset. Notably, the first three
components alone accounted for 65.4% of the variance, highlighting their significance in capturing
the complex structure of APMC performance.

Scree Plot

Eigenvalue

Component
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The results are visually supported by the scree plot, which displays a distinct elbow after the third
component, indicating a marked reduction in the incremental value of additional components. This
visual evidence, alongside the commonly adopted Kaiser criterion, justifies the retention and
interpretation of the top three principal components while streamlining subsequent benchmarking
and analysis.

4.1 Component Extraction and Loadings

Initial PCA revealed seven principal components with eigenvalues greater than one, collectively
explaining 98.9% of the data variance. The first three components alone accounted for 65.4% of
overall variation, validating their central role in performance assessment and subsequent ranking.
A scree plot of eigenvalues (see Results, Chart 1) demonstrates a pronounced drop after PC3,
confirming the appropriateness of focusing on these dimensions.

Analysis of component loadings highlighted the nuanced drivers of efficiency:

PC1 (Operational Efficiency and Profitability Balance): Dominated by strong positive relationships
with Repair & Maintenance (RM), Security Expenses (SEC), and Operating Profit Ratio (OPR). These
suggest that well-maintained infrastructure and security investments are linked with superior
operational outcomes. Notably, negative loadings for Net Profit Ratio (NPR) and Market Fees to
Total Income (MFTI) signal an underlying trade-off; APMCs prioritizing profitability may do so at
the expense of operational robustness.

PC2 (Asset Utilization and Turnover Efficiency): Key positive loading on LFTI and negative loading
on Depreciation Expenses (DEP) indicate this component captures efficiency in asset management.
Higher scores represent effective mobilization and renewal of assets with minimized depreciation
burden.

PC3 (Income Concentration and Expense Control): This component reflects the balance between
total income, general expenses, and operating expenses, with positive loadings associated with
income generation and negative loadings reflecting expense control. High scores denote strong
revenue streams balancing cost containment efforts.

An aggregated table of variable loadings across all components is provided in the Appendix for
reference.

Baroda: Exhibits a very high score on PC1 (Operational Efficiency and Profitability), indicating
excellent infrastructure investment, maintenance, and robust operational management. However,
its negative PC3 score suggests a need to improve cost control and income diversification, and its
moderate PC2 implies average asset management.

Gondal: Stands out with the highest PC2 (Asset Utilization) score and a strong PC3, highlighting
superior practices in asset renewal and depreciation control, as well as effective expense
management and income concentration. Its negative PC1 points to some trade-offs in operational
investments or profitability.

Unjha: Achieves strong performance in both PC2 and PC3, signifying successful asset turnover and
expense control strategies. Slightly negative PC1 may reflect a conservative approach to
operational spending or infrastructure.

Surat: Ranks high in PC1 butlow in PC2 and PC3, indicating that operational efficiency is high, likely
from heavy investment in infrastructure, but asset utilization and cost discipline need
strengthening.

Halvad: Scores well in PC2 and PC3, reflecting effective asset and expense management despite
lagging in operational aspects (PC1). May benefit from more focused infrastructure spending.
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Deesa: Presents nearly balanced, near-average scores on all components, resulting in a mid-level

composite ranking. This suggests steadiness but no particular strength or outstanding weakness.

Ahmedabad: Shows positive asset management (PC2) but weakness in operational and profitability

areas (PC1) and especially income/cost control (very negative PC3), highlighting a need for a

broad-based managerial overhaul.

Rajkot: Slightly below average across all principal components, and needs improvement in

operational, asset, and cost control areas to compete with the top performers.

Tharad: Scores most poorly overall, with notably negative values, signalling systemic issues in

operational efficiency, asset utilization, and income/expense management. Inmediate reforms are

required across all functions.

4.2 Data Envelopment Analysis Results

Data Envelopment Analysis (DEA) was performed to evaluate the technical efficiency of nine

APMCs, using operational expenditure (OPEX) and warehouse space (WS) as inputs, and net profit

ratio (NPR) along with operating profit ratio (OPR) as outputs. This input-oriented DEA model

estimated the relative efficiency of each APMC in converting operational resources into profitable

outcomes.

The resulting efficiency scores range from 0 to 1, where a score of 1 indicates that the APMC lies on

the efficient frontier and is considered technically efficient relative to its peers. Scores below 1

indicate relative inefficiency and represent the proportion by which inputs can be proportionally

reduced while maintaining the current output levels.

The calculated DEA efficiency scores for the APMCs are as follows:

Ahmedabad: 0.789

Unjha: 1.000 (efficient)

Baroda: 0.281

Rajkot: 1.000 (efficient)

Halvad: 0.787

Deesa: 0.384

Tharad: 0.844

Surat: 1.000 (efficient)

Gondal: 1.000 (efficient)

From these scores, four APMCs (Unjha, Rajkot, Surat, and Gondal) emerge as benchmarks with

efficiency scores of 1, indicating optimal utilization of inputs to achieve output performance.

Conversely, Baroda and Deesa exhibit the lowest efficiency scores, at approximately 0.28 and 0.38

respectively, signalling significant room for improvement in resource utilization.

These inefficiencies may be caused by excessive operational expenses or inefficient use of

warehouse space without corresponding profitability gains. The findings suggest that Baroda and

Deesa could potentially reduce their inputs by over 60% and 50%, respectively, while maintaining

current output levels if they operate like their efficient counterparts.

DEA analysis thus provides practical benchmarks and enables underperforming APMCs to identify

peer units as role models in operational efficiency. Managers in inefficient markets are directed to

optimize key inputs such as overhead costs and warehouse management to improve profitability.
Table of the comparison

o PCA EDfEfI::ienc DEA Recommendation
Rank y Rank
Score
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Baroda | 1

0.281

Leverage strong multidimensional strengths but
urgently optimize resource allocation processes
and remove operational inefficiencies. Focused cost
management interventions are necessary.

Gondal | 2

1.000

Maintain balanced, high performance; share best
practices in asset utilization and expense
management with peers. Continuous monitoring
will help sustain efficiency.

Unjha 3

1.000

Capitalize on both multidimensional and technical
efficiency leadership. Expand successful practices
in asset renewal and expense control to further
improve competitiveness.

Surat 4

1.000

Sustain high technical efficiency and seek to
broaden operational and financial dimensions (e.g.,
diversify income streams or strategic investments).

Halvad |5

0.787

Asset and cost management are strengths, but
improvement in technical efficiency and
infrastructure investment could significantly boost
performance.

Deesa 6

0.384

Moderate performance signals a need for
comprehensive review and incremental
improvement across all efficiency dimensions.
Begin with streamlined operational practices.

Ahmd. 7

0.789

Asset turnover is good but operational and cost
control shortfalls persist. Emphasize targeted
training, audit, and financial control reviews.

Rajkot |8

1.000

High technical efficiency but weaker
multidimensional performance indicates an
opportunity to invest in broader areas such as
marketing, service innovation, or financial
planning.

Tharad |9

DEA Rank (=Besf)

0.844

Low ranking in multiple dimensions; requires
holistic reforms, improved asset management,
operational redesign, and strict financial oversight.

Chart

PCA vs DEA Ranks Agreement

fect Matoh

PCA Rank
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The scatter plot compares the PCA ranks (X-axis) against DEA ranks (Y-axis) for the nine APMCs.
The diagonal dashed line represents perfect agreement between the two ranking methods, where
points lying exactly on this line indicate identical PCA and DEA ranks.

Interpretation:

APMCs close to the diagonal line (e.g., Gondal, Unjha, Surat) demonstrate strong concordance
between their multidimensional performance (captured by PCA) and technical efficiency (captured
by DEA), suggesting well-balanced operational and resource utilization efficiency.

Points significantly above or below the diagonal, such as Baroda and Rajkot, indicate notable
discrepancies between PCA and DEA rankings. For example, Baroda ranks highest in PCA but much
lower in DEA, implying that it performs well across multiple efficiency dimensions but has room
for improving operational resource use.

Rajkot scores high technically (DEA rank 1) but has a relatively lower PCA rank, pointing to the
need for improvement in broader performance factors, like financial or asset management.

Points broadly scattered from the diagonal reflect where PCA and DEA provide complementary
insights, highlighting differing facets of APMC efficiency.

5. CONCLUSION

The primary research question addressed by this study was: How efficient are Agricultural Produce
Market Committees (APMCs) across multidimensional operational, financial, and asset
management factors? Using a dual-analytical framework combining Principal Component Analysis
(PCA) and Data Envelopment Analysis (DEA), the study aimed to comprehensively benchmark and
evaluate the relative efficiencies of selected APMCs.

The main findings revealed significant disparities among the APMCs. PCA distillation highlighted
key efficiency components, with operational efficiency, asset utilization, and income-expense
management emerging as critical dimensions. DEA identified four APMCs (Unjha, Rajkot, Surat, and
Gondal) operating on the efficiency frontier, exemplifying optimal input-output conversion, while
Baroda and Deesa showed substantial inefficiencies requiring targeted improvements. The
comparative analysis underscored that while some APMCs excelled in multidimensional
performance, they lagged in technical efficiency, signalling the necessity for balanced operational
and resource management reforms.

These findings collectively offer nuanced insights to policymakers and administrators, emphasizing
the need for customized strategies aimed at enhancing both operational robustness and technical
performance. The integrated PCA-DEA methodology demonstrated its strength in delivering
actionable, data-driven diagnostics tailored for agricultural market modernization and sustainable
growth.
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ABSTRACT

Background:

The 215t century continues to use technological advances that are of communication, socialization
and private Versus public information. The popularity of Social networking Sites increased rapidly
in the last decade. The social networking such as Whatsapp, twitter, Facebook etc has become craze
for everyone now a days. the negative effects of these social networking sites overweigh the
positive ones.

Aim:

The research aim to assess the knowledge regarding use of social networking and it's impact on
students in college of Mehsana.

Methodology:

A DESCRIPTIVE RESEARCH DESIGN was used. The study was conducted among 100 college
students in Mehsana and using purposive sampling technique. A pilot study (n=10) was carried out
to test Validity and of the tool. data were collected using a SELF STRUCTURED QUESTIONNAIRE.
Conclusion:

The study concludes that although most students good knowledge, social networking use had

moderate to negative effect on the students.
KEY WORDS:- KNOWLEDGE, EXCESSIVE, SOCIAL NETWORKING SITE, EFFECT, STUDENTS.

INTRODUCTION:

Social media are considered as the technologies which are used for the interaction purpose and do
socialization and private Versus public information. the negative effects of these social networking
sites overweigh the positive ones.

STATEMENT OF THE PROBLEM:
“ADESCRIPTIVE STUDY TO ASSESS THE LEVEL OF KNOWLEDGE REGARDING THE EXCESSIVE
USE OF SOCIAL NETWORKING AND ITS EFFECT ON THE STUDENTS OF SELECTED COLLEGES
OG MEHSANA. MEHSANA CITY.”

OBJECTIVES OF THE STUDY:
To Assess The Level Of Knowledge Regarding Use Of Social Networking And Its Effects On The

Students.

To Determine The Association Between The Knowledge Score With Their Demographic Variables.
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METHODOLOGY:
A Descriptive Research Design was used. The study was conducted among 100 Students in

Mehsana and using Purposive Sampling. A pilot study (n = 10) was carried out to test validity and
reliability of the tool. Data were collected using a Self Structured Questionnaire. The collected
data were analyzed using descriptive and inferential statistics. Results were presented in the form
of Tables And Graphs For Clarity.

SECTION-A

ANALYSIS AND INTERPRETETION OF THE DEMOGRAPHIC VANIEBLES OF THE SAMPLE.
FREQUENCY AND PERCENTAGE WISE DISTRIBUTION OF SAMPLE BASED ON DEMOGRAPHIE
VARIABLE

N=100
DEMOGRAPHIC VARIABLE
SR NO FREQUENCY PERCENTAGE
Age (Year) -
17-18 12 12
1 19-20 25 25
21-22 36 36
23-24 27 27
Semester Of Education -
1-2 12 12
2 3-4 25 25
5-6 36 36
7-8 27 27
Long use of social networking -
< 2 years 7 22
3 3 years 36 36
4 years 27 27
> 5 years 15 15
Site used more -
Facebook 30 30
4 Whatsapp 35 35
Hike 12 12
Instagram 23 23
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Time when social networking is

used more -

College time 34 34
5 Free time 15 15

Every time 13 13

Sleep time 38 38

Table showed the distribution of samples according to age group, the data showed that out of 100
samples (100%), 12(12%) samples belongs to the age group of 17-18 years, 25(25%) samples
belongs to age group 19-20,36(36%) of samples belongs to age group 21-22,27(27%) of samples
belongs to age group 23-24. As regard to the semester of education 12(12%) belongs to semester
1-2, 25(25%) of samples belongs to semester 3-4, 36(36%) of samples belongs to semester 5-6,
27(27%) of samples belongs to semester 7-8.As regard to long use of social networking 22(22%)
of samples use social networking < 2 years, 36(36%) of samples use social networking from 3 years,
27(27%) of samples use social networking from 4 years, 15(15%) of samples use social networking
from = 5 years. As regard to the most used site 30(30%) of samples uses Facebook, 35(35%) of
samples uses whatsapp, 12(12%) of samples uses hike, 23(23%) of samples uses instagram. As
regard to the used area of social networking 34(34%) of samples uses social networking at college
time, 15(15%) of samples uses social networking at free time, 13(13%) of samples uses social
networking at every time, 38(38%) of samples used social networking at sleep time.

SECTION-B

FREQUENCY AND PERCENTAGE DISTRIBUTION OF SAMPLE ACCORDING TO SIDE EFFECTS OF
EXCESSIVE USE OF SOCIAL NETWORKING AMONG COLLEGE STUDENTS IN MEHSANA.

n=100

KNOWLEDGE OF SOCIALFREQUENCY PERCENTAGE
NETWORKING (%)

GOOD 15 15

AVERAGE 68 68

POOR 17 17

Table indicates distribution of frequency and percentage of sample into average, good and
excellent categories according to the side effects of social networking. Out of 100 samples average
15 (15%) samples, 68 (68%) samples were having good and 17 (17%) samples had excellent
knowledge.

SECTION - C

ANALYSIS AND INTERPRETATION OF THE DATA REALTED TO EXCESSIVE USE OF SOCIAL
NETWORKING AND SELECTED DEMOGRAPHIC VARIABLES.
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ASSOCIATION BETWEEN THE EXCESSIVE USE OF SOCIAL NETWORKING AND SELECTED

DEMOGRAPHIC VARIABLE.
(N=200)
Demographic variables Frequency |DF Result
X2 t
Calculated Value
value
17 - 18 12
1.Age (years) 19-20 5
6 64.38 12.59 [Significant
21-22 36
23-24 27
1-2 12
3-4 25 .
2. Semester of 8 [12.31 12.59 |Non -Significant
education 5-6 36
7 -8 27
< 2 year 22
3. Long use of social3 year 36
networking m o Significant
Yy 6 [2509 [12.59
> 5 years 15
Facebook 30
4.Site used more  \Whatsapp 35
Hike 12 Significant
Instagram 23 6 39.50 12.59
College time 34
5.Time when socialFree time 15
networking is “SedEvery time 13 Significant
more Sleep time 38 6 13.76 12.59
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OVERALLSTATISTICALSUMMARY (ForAbstract)

Sample size: 100 Students of college

The present study was conducted among 100 Students of college, For assess the level of
knowledge and it’s effect on college students of mehsana.

Table shows the association of the excessive use of social networking with demographic variables
of sample such as age, semester of education, long use of social networking, sites used more, and
time of usage.

For age group with the excessive use of social networking, calculated value of chi-square (x " 2)
64.38 was more than 12.59, the table value of chi-square (x * 2) at the 6 degree of freedom and 0.05
level of significance. Therefore, age has significance association with the excessive use of social
networking.

Regarding a semester of education with the excessive use of social networking calculated value of
chi-square (z * 2) 12.31 was less than 12.59, the table value of chi-square (x * 2) at the 6 degree of
freedom and 0.05 level of significance. Therefore, semester of education has non-significance
association with the excessive use of social networking.

Regarding long use of social networking with the excessive use of social networking calculated
value of chi-square (x * 2) 25.09 was more than 12.59, the table value of chi-square (x * 2) at the 6
degree of freedom and 0.05 level of significance Therefore, long use of social networking has
significance association with the excessive use of social networking.

Regarding site used more with the excessive use of social networking calculated value of chi-square
(x * 2) 39.50 was more than 12.59, the table value of chi-square (x * 2) at the 6 degree of freedom
and 0.05 level of significance. Therefore, site used more has significance association with the
excessive use of social networking.

Regarding time when social networking used more with the excessive use of social networking
calculated value of chi-square (x * 2) 13.79 was more than 12.59, the table Value of chi-square (x *
2) atthe 6 degree of freedom and 0.05 level of significance. Therefore, time when social networking
used more has significance association with the excessive use of social networking.
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ABSTRACT

Traditional economic theory assumes that individuals make rational, utility-maximizing decisions
when purchasing insurance by carefully evaluating risks, costs, and expected benefits. However,
persistent gaps in health insurance decisions suggest that real-world decision-making deviates
systematically from these assumptions. This paper, titled “Beyond Rational Choice: A Behavioral
Synthesis of Health Insurance Decisions,” presents a comprehensive and integrative literature
review that re-examines health insurance decisions through the lens of behavioral economics.

The study synthesizes interdisciplinary evidence to identify key behavioral factors that hinder
optimal insurance uptake. These include ambiguity aversion, availability bias, choice deferral,
choice overload, debt aversion, decision fatigue, endowment effect, framing effect, hassle costs,
herding behaviour, heuristics, inattention, information frictions, information overload, limited
attention, loss aversion, optimism bias, pessimism bias, present bias, projection bias, regret
avoidance, status quo bias, sunk cost fallacy, waste aversion, and several other biases.

The findings have significant implications for policymakers, insurers, and researchers. By
acknowledging the limits of rational choice models, stakeholders can design more effective
interventions, including simplified insurance products, behaviorally informed communication
strategies, social influence mechanisms, standardization, cost calculators, smart defaults, and
targeted literacy programs. Incorporating behavioral insights into policy design can play a crucial
role in improving insurance participation and strengthening financial protection against health-

related risks.
KEYWORDS: HEALTH INSURANCE DECISIONS, BEHAVIORAL ECONOMICS, BIASES

INTRODUCTION

Why do individuals fail to adopt health insurance even when it is clearly in their financial interest
to do so? This question reflects a persistent paradox at the intersection of healthcare and financial
decision-making. Rising medical costs, increasing uncertainty of health risks, and the potential for
catastrophic expenditures should, in principle, motivate individuals to secure financial protection
through insurance. Yet, in reality, health insurance penetration remains consistently lower than
expected across diverse populations.

Traditional economic theory attributes insurance decisions to rational evaluation of risk and
return. Within this framework, individuals are assumed to objectively assess probabilities,
compare expected costs and benefits, and choose options that maximize their utility. Accordingly,
those exposed to greater health risks or financial vulnerability should demonstrate a higher
propensity to purchase insurance. However, empirical observations repeatedly contradict this
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assumption. Individuals often delay, avoid, or inadequately invest in health insurance, even when
they possess the necessary resources and access.

This divergence between theoretical prediction and observed behavior suggests that factors
beyond rational calculation play a significant role in shaping insurance decisions. Increasingly,
researchers have turned to behavioral economics to explain these inconsistencies. Rather than
assuming perfect rationality, behavioral perspectives recognize that decision-making is influenced
by cognitive limitations, emotional responses, and psychological tendencies that systematically
deviate from optimal choice.

In the context of health insurance, these deviations are particularly pronounced. Insurance
decisions involve uncertainty, delayed benefits, abstract probabilities, and complex product
structures, all of which create a cognitively demanding environment. As a result, individuals may
struggle to process information effectively, leading to hesitation, simplification, or complete
avoidance of decision-making.

To better understand this phenomenon, this study adopts the lens of behavioral frictions, a term
used to describe the cognitive and emotional barriers that interfere with optimal decision-making.
These frictions help explain why individuals fail to act in accordance with rational models, even
when the benefits of insurance are evident. Rather than viewing non-adoption as a result of lack of
awareness or affordability alone, this perspective emphasizes the role of how individuals perceive,
interpret, and respond to insurance-related information.

While prior research has identified various behavioral influences on financial decision-making, the
existing literature on health insurance remains fragmented. Most studies focus on isolated factors
or demographic determinants, offering limited insight into how multiple behavioral elements
interact to shape insurance uptake. Furthermore, the role of individual capability in navigating
complex insurance decisions has not been sufficiently integrated into existing frameworks.

Against this backdrop, the present study aims to provide a comprehensive synthesis of behavioral
influences on health insurance uptake. By moving beyond traditional rational choice models, the
paper seeks to develop a more holistic understanding of decision-making that incorporates
psychological, cognitive, and informational dimensions.

The study contributes to the literature by consolidating diverse behavioral insights offering a more
integrated and holistic understanding of health insurance uptake.

By reframing health insurance decisions through a behavioral lens, this study aims to bridge the
gap between theory and practice and offer insights that can inform more effective policy and
market interventions.

CONCEPTUAL BACKGROUND
To theoretically ground the discussion, this section outlines the key economic and behavioral
frameworks that underpin decision-making in the context of health insurance.
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Traditional analysis of insurance behavior is rooted in Expected Utility Theory, which posits that
individuals make decisions under uncertainty by maximizing expected outcomes based on
probabilities and preferences. Within this framework, insurance is viewed as a rational mechanism
for risk management, where individuals willingly trade a certain cost (premium) for protection
against uncertain but potentially significant financial losses. The model assumes consistent
preferences, full information, and the cognitive ability to evaluate complex probabilistic situations.
However, the assumptions underlying expected utility theory have been widely challenged.
Empirical research indicates that individuals often lack the ability or willingness to process
probabilistic information accurately, particularly in complex domains such as insurance. This has
led to the development of Behavioral Economics, which integrates insights from psychology to
better explain actual decision-making behavior.

A central concept within behavioral economics is Bounded Rationality, which suggests that
individuals operate under cognitive constraints that limit their ability to make fully informed and
optimized decisions. Instead of exhaustive analysis, individuals rely on heuristics - simple rules of
thumb, that facilitate decision-making but may also introduce systematic errors.

One of the most influential theoretical contributions in this domain is Prospect Theory, which
explains how individuals evaluate outcomes relative to a reference point rather than in absolute
terms. A key implication of this theory is that individuals exhibit asymmetric sensitivity to gains
and losses, placing greater weight on potential losses than gains. This insight provides a theoretical
basis for understanding resistance toward financial commitments associated with insurance.

Another important framework relates to time inconsistency, where individuals display
preferences that change over time, often favoring immediate outcomes over future benefits. This
temporal distortion affects decisions involving delayed rewards, such as insurance coverage, which
provides protection against uncertain future events.

Decision-making is further influenced by information processing limitations, particularly in
environments characterized by complexity and uncertainty. Health insurance products typically
involve multiple attributes, varying coverage conditions, and technical terminology, all of which
increase cognitive burden. Under such conditions, individuals may simplify choices, postpone
decisions, or avoid engagement altogether.

Within this theoretical landscape, the concept of behavioral frictions emerges as an integrative
construct. Behavioral frictions encompass the various cognitive and psychological barriers that
disrupt optimal decision-making. Rather than treating individual biases as isolated phenomena,
this concept captures their combined effect in shaping behavior.

In addition to cognitive biases, individual capability plays a critical role in navigating complex
financial decisions. This is reflected in the notion of health insurance literacy, which refers to the
ability to comprehend insurance-related information, evaluate alternatives, and make informed
choices. Individuals with higher levels of health insurance literacy are better equipped to process
information and are less reliant on simplifying heuristics, thereby reducing susceptibility to
behavioral distortions.
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Thus, the conceptual foundation of this study rests on the interaction between three core elements:
theoretical models of decision-making, behavioral frictions that distort rationality, and individual
capability in understanding insurance products. Together, these elements provide a structured
basis for analyzing deviations from expected utility predictions in the context of health insurance
uptake.

LITERATURE REVIEW

The literature on health insurance uptake has evolved from traditional economic explanations
toward more behaviorally nuanced perspectives. Early studies primarily focused on socio-
economic determinants such as income, education, occupation, and access to healthcare. While
these factors explain some variation in insurance coverage, they fail to account for persistent gaps
among individuals with similar economic profiles. Behavioral economics offers an alternative
explanation by highlighting systematic deviations from rationality. A growing body of literature has
identified several key behavioral frictions that influence insurance decisions. Research on health
insurance decisions has moved beyond traditional economic factors and now recognizes that
individuals do not always act rationally. Instead, their decisions are shaped by a combination of
psychological biases, limited information, and cognitive constraints (Krishnan S. et al., 2022).

A key starting point in understanding this behavior is the presence of uncertainty and lack of clarity
in health insurance choices. When individuals face unclear or complex options, they tend to avoid
uncertainty, a behavior explained by ambiguity aversion (Van Winssen et al., 2016). Rather than
exploring new plans, they prefer to stay with their existing one. This initial hesitation becomes
stronger when individuals are not confident in their ability to evaluate alternatives. This avoidance
of uncertainty gradually turns into a stronger tendency to stick with the current situation, known
as status quo bias (Samuelson & Zeckhauser, 1988; Sinaiko et al., 2013; Afendulis et al., 2015).
Over time, this is reinforced by the endowment effect, where individuals develop attachment to
their current insurance provider, doctors, or hospital networks (Boonen et al., 2011; Keegan et al,,
2019). At this stage, even if better options exist, switching becomes psychologically difficult. This
resistance is further strengthened by regret avoidance, as individuals fear making a wrong choice
and later regretting it (Van Winssen et al., 2016).

While some individuals remain stuck in their current plans, others struggle even before making a
purchase decision. When faced with multiple and complex options, individuals often experience
choice overload, where too many alternatives increase confusion and mental effort (Hanoch &
Rice, 2006; Frank & Lamiraud, 2008; Baicker et al., 2012). As a result, instead of making a decision,
they postpone it, leading to choice deferral (Szrek & Bundorf, 2011). Thus, the decision process
shifts from active evaluation to avoidance. This difficulty is further intensified by problems in the
information environment. On one hand, information overload makes it hard to process excessive
details (Barnes et al., 2012). On the other hand, information frictions limit access to relevant and
clear information (Kling et al, 2012; Domurat et al, 2019). Together, these issues prevent
individuals from making informed comparisons, weakening both purchase and switching decisions.
As individuals struggle with too much or too little information, their attention becomes limited. Due
to limited attention, they focus only on selected aspects of insurance plans while ignoring others
(Fels, 2012). At times, they may even forget to act, reflecting inattention (Domurat et al,, 2019). In
such situations, instead of careful analysis, individuals rely on heuristics, or simple mental
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shortcuts, which often lead to suboptimal choices (Besedes et al.,, 2012; Kairies-Schwarz et al.,
2017). Continuous exposure to complex decisions and information also leads to decision fatigue,
where mental exhaustion reduces the ability to evaluate options effectively (Swartz & Graves,
2014). At this stage, individuals are more likely to either avoid decisions or settle for inferior plans.

Alongside these cognitive constraints, individuals’ perceptions of costs and benefits also shape
their decisions. Through the framing effect, insurance premiums are often viewed as a certain loss,
while benefits are seen as uncertain gains, reducing the attractiveness of insurance (Johnson et al,,
1993; Wang & Fischbeck, 2004). This perception is reinforced by present bias, where individuals
give more importance to immediate costs and ignore future benefits (Schumacher & Kesternich,
2010). As a result, even when insurance is beneficial in the long run, individuals hesitate to
purchase it. This hesitation is further amplified by optimism bias, where individuals believe that
negative health events are unlikely to happen to them (Baker & Siegelman, 2010; Kaneva et al,,
2019). Similarly, projection bias leads individuals to assume that their current health condition
will continue in the future, reducing the perceived need for insurance (Changetal., 2018). Together,
these biases lower the perceived risk and weaken the motivation to insure.

Financial preferences also play a role in shaping decisions. Due to debt aversion, individuals prefer
paying fixed premiums in advance rather than choosing plans with deductibles, even if the latter
may be more beneficial (Van Winssen et al., 2016). At the same time, small practical barriers, known
as hassle costs, such as paperwork and effort, further discourage individuals from completing the
purchase process (Baicker et al,, 2012; Handel & Kolstad, 2015)).

RESEARCH GAPS

The review of existing literature reveals several critical gaps that justify further research.

The majority of studies examine behavioral biases in isolation, without considering their
combined effects. In reality, individuals are influenced by multiple biases simultaneously, which
may reinforce or counteract each other. The absence of integrative models limits the explanatory
power of existing research.

There is a lack of emphasis on behavioral frictions as a collective construct. While individual
biases such as choice overload or present bias are well-documented, the concept of behavioral
frictions provides a more holistic understanding of decision barriers.

The literature lacks context-sensitive frameworks, particularly in emerging and complex
insurance markets. Factors such as product complexity, institutional trust, and socio-cultural
influences are not adequately integrated into existing models.

Finally, there is a scarcity of conceptual synthesis studies that bring together behavioral insights
into a unified framework. Most research remains empirical and fragmented, creating a need for
theoretically grounded models that can guide future empirical work.

CONCLUSION

This study re-examines health insurance decisions through the lens of behavioral economics,

moving beyond traditional rational choice models. The findings highlight that insurance decisions
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are not purely economic but are significantly influenced by cognitive biases, emotional responses,
and informational constraints.

Behavioral frictions such as present bias, optimism bias, and choice overload systematically distort
decision-making, leading to delayed or suboptimal insurance uptake. These insights challenge the
assumptions of classical economic theory and emphasize the need for behaviorally informed
approaches.
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ABSTRACT:
Digital transformation has become a powerful force changing the way commerce operates in the
21st century. The use of advanced technologies such as Artificial Intelligence (AI), Big Data
analytics, Cloud Computing, Blockchain, and the Internet of Things (IoT) has significantly
transformed traditional business models, daily operations, and how companies interact with

customers.

This paper examines the impact of digital transformation on commerce by focusing on its
opportunities, challenges, and future possibilities. It is based on a conceptual and analytical study
using secondary data from research articles, government reports, and industry sources. To make
the study more relevant, Indian examples such as Flipkart, Reliance Jio, and the National Payments
Corporation of India (UPI) are included for practical understanding.

The study finds that digital transformation improves efficiency, encourages innovation, and
supports financial inclusion. However, it also highlights key challenges like cybersecurity risks, high
costs of implementation, complex regulations, and the digital divide. The paper concludes that a
well-planned, inclusive, and policy-driven approach is necessary to fully benefit from digital

transformation and achieve sustainable economic growth.
KEYWORDS: DIGITAL TRANSFORMATION, E-COMMERCE, FINTECH, ARTIFICIAL INTELLIGENCE, UPI, INDIAN
ECONOMY

INTRODUCTION:

The global economy is changing rapidly due to fast technological advancements. Digital
transformation, which means using digital technologies in all areas of business, has changed how
organizations create, deliver, and capture value. In commerce, this shift has improved traditional
business practices by enabling automation, increasing efficiency, and strengthening customer
engagement.

The growth of e-commerce platforms, mobile apps, and digital payment systems has changed the
way businesses compete worldwide. Today’s consumers expect convenience, speed, and
personalized experiences, which has pushed companies to adopt digital solutions. Businesses now
depend more on data analytics and artificial intelligence to understand customer behaviour and
make better decisions.

India is a strong example of digital transformation in a developing country. Government initiatives
like Digital India, better broadband connectivity, and rising smartphone usage have increased
digital adoption across sectors. The introduction of affordable internet services by Reliance Jio has
further reduced data costs, making digital services accessible to a large population.
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However, digital transformation also comes with challenges. Problems such as cybersecurity risks,
poor digital infrastructure in rural areas, resistance to change within organizations, and unclear
regulations act as major barriers. Therefore, it is important to study both the opportunities and
challenges of digital transformation in commerce.
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OBJECTIVES OF THE STUDY:

To analyse the concept and significance of digital transformation in commerce.

To identify key technologies driving digital transformation.

To evaluate opportunities created by digitalization in business.

To examine challenges faced by organizations in adopting digital technologies.

To assess Indian case studies and suggest future strategies for sustainable growth.

RESEARCH METHODOLOGY:

This study is conceptual and analytical and is based on secondary data. The information has been
collected from sources such as research journals, books, government publications, and industry
reports. A qualitative approach is used to study patterns, trends, and developments in digital
commerce. The use of Indian case studies makes the research more practical and relevant.

KEY TECHNOLOGIES DRIVING DIGITAL TRANSFORMATION:

Artificial Intelligence:

Artificial Intelligence (AI) helps businesses automate tasks and predict future trends. It is
commonly used chatbots, in e-commerce for product
recommendations, and in financial services to detect fraud.

Big Data Analytics:

Big Data helps organizations analyze large amounts of data. It is useful for understanding customer

in customer service through

preferences, improving marketing strategies, and increasing efficiency in operations.

Cloud Computing:

Cloud computing provides scalable and flexible solutions for data storage and processing. It reduces
the need for physical infrastructure and enables remote access to business operations.
Blockchain Technology:

Blockchain improves transparency and security in transactions by using a decentralized and secure
record system. It is especially useful in supply chain management and financial transactions.
Internet of Things (IoT):

IoT connects devices and systems, enabling real-time monitoring and data collection. It improves
efficiency in logistics, inventory management, and manufacturing processes.
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OPPORTUNITIES OF DIGITAL TRANSFORMATION:

Global Market Access:

Digital transformation has removed geographical barriers and made it possible for businesses to
reach customers across the world. Through e-commerce platforms, digital marketing, and online
payment systems, even small businesses can sell their products internationally without having a
physical presence.

For example, companies like Flipkart and other online marketplaces allow sellers from remote
areas to reach customers both within India and abroad. These platforms provide features such as
multiple language options, global delivery systems, and secure payment methods, making
international trade easier.

Digitalization has also increased competition, which pushes businesses to improve their products
and services. Social media platforms help businesses promote their products globally at a low cost,
further increasing their market reach.

Cost Efficiency:

Digital transformation helps businesses reduce their costs. Automation of routine tasks like data
entry, inventory management, and customer service reduces the need for manual work and lowers
the chances of errors.

Technologies such as cloud computing remove the need for expensive physical infrastructure,
allowing businesses to pay only for what they use. Digital communication tools also reduce travel
and communication expenses.

For example, businesses using digital supply chain systems can manage inventory better, reduce
waste, and improve delivery processes. This cost savings increase profitability and improve the use
of resources.

Enhanced Customer Experience:

Digital transformation allows businesses to provide better and more personalized services to
customers. With the help of data analytics and artificial intelligence, companies can understand
customer needs and preferences.

This results in:

Personalized product suggestions

Quick responses through chatbots

Easy and secure payment options

Companies like Paytm have made payments simple and fast. Mobile apps and websites also allow
customers to access services anytime, making the experience more convenient.

Better customer experience increases satisfaction, builds trust, and creates long-term loyalty.
Innovation and New Business Models:

Digital transformation encourages innovation by helping businesses create new products, services,
and business models. Traditional methods are being replaced by digital approaches that are more
flexible and scalable.

Some examples include:

Platform-based models (connecting buyers and sellers)

Subscription services (like streaming platforms)

Freemium models (basic services free, premium features paid)

These models help businesses earn from multiple sources and quickly adjust to market changes.
Startups benefit greatly as digital tools reduce entry barriers and support new ideas.

Innovation also helps businesses stand out from competitors in the market.
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Financial Inclusion:

Digital transformation has improved access to financial services, especially in developing countries
like India. Digital payments, mobile banking, and fintech platforms have made it easier for people
without bank access to use financial services.

The Unified Payments Interface (UPI), developed by the National Payments Corporation of India,
allows instant and low-cost money transfers. This has increased the use of digital payments even
in rural areas.

Financial inclusion leads to:

More people participating in the formal economy

Better access to loans and financial services

Economic empowerment of individuals and small businesses

Digital platforms also support government schemes like direct benefit transfers, ensuring
transparency and reducing misuse of funds.

CHALLENGES OF DIGITAL TRANSFORMATION:

Cyber Security Risks and Data Privacy Concerns:

Cybersecurity is one of the biggest challenges of digital transformation. As businesses store large
amounts of data online, they become targets for cyberattacks like hacking, phishing, and identity
theft. Organizations handling financial transactions, such as those using systems developed by the
National Payments Corporation of India, must have strong security to maintain trust. Data breaches
can cause financial losses and harm a company’s reputation.

Also, data privacy is a growing concern because personal information is widely collected and used.
Weak data protection laws in some regions increase risks for both businesses and customers.
High Implementation and Maintenance Costs:

Digital transformation requires a lot of investment in technology, software, security, and employee
training. For small and medium businesses, these costs can be very high.

Apart from the initial cost, companies also need to spend regularly on updates, maintenance, and
support. As technology changes quickly, businesses must keep upgrading their systems to stay
competitive.

This makes it difficult for smaller firms to compete with larger companies that have more resources.
Digital Divide and Inequality:

Digital transformation has increased the gap between people who have access to technology and
those who do not. This “digital divide” exists between countries and also within countries,
especially between urban and rural areas.

In India, even with efforts like Digital India, problems such as poor internet access, low digital
literacy, and affordability still exist. Companies like Reliance Jio have improved connectivity, but
equal access is still a challenge.

Because of this gap, not everyone benefits equally, leading to unequal economic opportunities.
Resistance to Organizational Change:

Digital transformation is not only about technology but also about changes in mindset and work
culture. Employees and managers may resist new technologies due to fear of job loss, lack of skills,
or comfort with old methods.

This resistance can lead to delays, poor use of technology, and lower returns. Proper training and
strong leadership support are important to overcome this problem.

Skill Gap and Workforce Displacement:
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Digital transformation needs skilled workers, but often the required skills are not available in the
job market.

Main issues include:

Shortage of experts in areas like Al, data analytics, and cybersecurity

Need for continuous training and skill development

Risk of job loss due to automation

This creates economic and social challenges, as workers may find it difficult to adjust to new roles.
Regulatory and Legal Challenges:

Digital technologies are growing faster than government rules in many countries. This creates
confusion for businesses about laws related to taxes, data protection, and international trade.
Main issues include:

No common global standards

Complex rules for storing and sharing data

Problems related to intellectual property and online fraud

Different rules in different countries can slow down innovation and make global trade difficult.
Technological Complexity and Integration Issues:

Digital transformation often requires combining new technologies with old systems, which can be
difficult and time-consuming.

Main challenges include:

Compatibility issues between old and new systems

Risk of system failure during changes

Need for skilled experts

Poor integration can reduce efficiency and disturb business operations.

Dependence on Technology and System Failures:

As businesses depend more on digital systems, any technical problem can cause major issues.
System failures, software errors, or network problems can stop operations and lead to losses.

For example:

E-commerce sites may lose sales

Digital payments may fail

Supply chains may get disrupted

This shows the need for strong backup systems and recovery plans.

Ethical Issues and Data Misuse:

Digital transformation raises ethical concerns about how technology and data are used. Problems
like biased algorithms, misuse of personal data, and lack of transparency can lead to unfair results.
Organizations should:

Use Al and data ethically

Be transparent in decisions

Protect user privacy and rights

Ignoring these issues can lead to legal problems and damage to reputation.

Market Dominance and Competition Issues:

Digital transformation has led to the growth of large tech companies that dominate the market,
making it hard for small businesses to compete.

For example, companies like Flipkart have strong advantages in size, technology, and resources.
This can:

Reduce competition
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Limit innovation by small businesses
Create dependence on big platforms

INDIAN CASE STUDIES:

Flipkart: E-Commerce Transformation:

Flipkart has changed online shopping in India by using digital platforms, strong delivery systems,
and data-based strategies. Its growth shows how digital transformation helps businesses expand
and improve customer experience.

Reliance Jio: Digital connectivity

Reliance Jio played an important role in India’s digital growth by providing affordable internet
services. This increased internet use and supported the growth of e-commerce and digital
payments.

Unified Payments Interface (UPI): FinTech Innovaiton

UPI, developed by the National Payments Corporation of India, has changed digital payments by
allowing instant bank-to-bank transfers. It has helped promote a cashless economy in India.
Paytm: Digital Financial Inclusion

Paytm has helped promote digital payments and financial inclusion, especially after the 2016
demonetization.

FINDINGS:

Digital transformation significantly enhances efficiency and competitiveness.
Indian businesses have successfully leveraged digital technologies for growth.
Financial inclusion has improved through digital payment systems.

Challenges such as cybersecurity and digital inequality remain critical concerns.
Government initiatives play a vital role in promoting digital adoption.

SUGGESTIONS:

Strengthen digital infrastructure and cybersecurity frameworks.
Promote digital literacy and skill development programs.
Develop clear and consistent regulatory policies.

Encourage collaboration between government and private sector.
Focus on inclusive growth to bridge the digital divide.

CONCLUSION:

Digital transformation is a strong force that is changing modern commerce. It creates many
opportunities for innovation, efficiency, and global growth. However, to succeed, businesses must
overcome challenges like cybersecurity risks, high costs, and the digital divide.

India’s experience shows that proper planning, use of technology, and supportive government
policies can boost digital growth. A balanced and inclusive approach is important so that everyone
benefits. In the future, businesses must adopt new ideas and stay flexible to achieve long-term
success and remain competitive.
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ABSTRACT

Lipases from Microorganism have an enormous potential for industrial applications because of
their selectivity, stability and wide substrate specificity. Following protease and lipases are
measured to be the 3rd main group based on the commercial market. The business utilization of
lipase is a billion dollar business that includes a wide range of uses. The majority of enzymes in
current industrial use are of microbial origin and are produced in conventional fermentation
methods. The present study was carried out for the purification and characterization of lipase from
Bacillus spp. Production of Lipase enzyme by Bacillus spp. in submerged culture using ground nut
as a substrate was carried out and the culture supernatant was used as crude for enzyme
purification. The Bacillus spp. showed maximum activity after 48 hours. Different precipitation
methods were applied and among them ammonium sulphate proved better. The enzyme molecular
weight is then estimated using denaturing gel electrophoresis and the molecular weight was about
approx 20 - 22 kDa.

KEY WORDS: LIPASE PRODUCTION, PRECIPITATION, BACILLUS SPP, PURIFICATION, AMMONIUM

SULPHATE, DIALYSIS.

1. INTRODUCTION

The existence of lipases has been found in 1901 for Bacillus B. Fluorescens, B.pyocyaneus and
prodigiosus, which represent present good studied lipase producing bacteria and their named
Pseudomonas fluorescens, Pseudomonas aeruginosa and Serratia marcescens respectively.
Chemicals hydrolyzing fatty oils have been read for well over creation.

Lipase are generally used in detergent industry, bakery industry, dairy industry, Fat and oleo
chemical Industry, in Food Industry, in Tea Processing, in Pharmaceutical Applications. (Jaeger et
al.,, 2003)

A relatively lesser figure of bacterial lipases have been well study compared to fungal and plant
lipases. Bacterial lipases are glycoproteins, several extracellular bacterial lipase are lipoproteins.
Winkler et al. revealed that catalyst creation in the vast majority of the microbes is influenced by
specific polysaccharides. A large portion of the bacterial lipases detailed so far are constitutive and
are vague in their substrate particularity, and a couple of bacterial lipases are thermostable. Among
bacteria, Achromobacter spp., Arthrobacter spp., Chromobacterium spp. , Pseudomonas spp.,
Chromobacterium spp and Staphylococcus spp.. have been misused for the creation of lipases.
Microscopic organisms produce various classes of lipolytic catalysts including carboxylesterases
(EC 3.1.1.1) and hydrolyzing water-dissolvable esters and lipases (EC 3.1.1.3) which hydrolyze
long-chain triacylglycerol substrates (Rosenau and Jaeger 2000). Numerous bacterial species
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produce lipases which hydrolyze esters of glycerol with long-chain unsaturated fats. They act at the
interface created by a hydrophobic lipid substrate in a hydrophilic fluid medium.

Purification of Lipase: Enzymes might be extracellular or intracellular. Maximum of the enzymes
in manufacturing use are extra-cellular proteins from bacterial sources, and it is easier to purify
such an enzyme. The main aim of a purification method should be to separate a given enzyme by
the highest possible yield. In addition, the preparation should possess the maximum catalytic
activity i.e. there are no inactivated or degraded other enzyme present. The main purpose for the
purification of enzyme is to determine/characterize its function and interaction with substrate
(Fundamentals of Enzymology by Steven ch: 2). There are various methods for the purification of
enzyme which split the protein and non protein separation steps, property and binding affinity.

PRECIPITATION PROTEIN WITH AMMONIUM SULPHATE BY CHANGE IN IONIC STRENGTH
Ammonium sulfate precipitation is a strategy used to refine proteins by adjusting their solvency. It
is a particular instance of a more broad method known as salting out. The dissolvability of proteins
differs as indicated by the ionic strength of the arrangement, and henceforth as per the salt focus.
Two particular impacts are noticed: at low salt focuses, the dissolvability of the protein increments
with expanding salt fixation (for example expanding ionic strength), an impact named salting in. As
the salt focus (ionic strength) is expanded further, the dissolvability of the protein starts to
diminish. At adequately high ionic strength, the protein will be totally encouraged from the
arrangement (salting out).

(NH4)2S04 is the salt usually used for purification and salting out because of its high ionic strength,
high solubility, low cost and lack of harmful effects on most enzymes. When adding (NH4)2S04
there should be good stirring and slow addition, to prevent local degradation of enzyme (Protein
purification: precipitation 2004).

PRECIPITATING PROTEIN WITH WEAKLY POLAR ORGANIC SOLVENT:

Most usually weakly polar organic solvents are ethanol, methanol and acetone. When huge amounts
of these solvents are added to a protein arrangement, proteins accelerate out. The standard way of
thinking is that this is because of abatement of the dielectric consistent, which would make
connections between charged gatherings on the outside of proteins more grounded. E.g. the
addition of ethanol to an aqueous protein solution causes protein solubility to decrease markedly,
due to increase in the strength and number of inter and intramolecular electrostatic attraction. The
lower the molecular mass/weight of the protein, the higher the solvent concentration required for
precipitation. The protein is precipitated at 0°c because proteins tend to denature at higher
temperature.

PRECIPITATING PROTEINS BY SOLVENT EXCLUSION USING NONIONIC POLYMERS:

Non ionic linear polymers such as dextrans, polyethylene glycol and polyvinylpyrrolidon (PVP) are
widely used as protein precipitants because they stabilize proteins and may be used at an ambient
temperature. Of these PEG appears to be the most suitable precipitant because its solutions are less
viscous and cause virtually no denaturation of proteins. Precipitation seems to occur by steric
exclusion i.e. the polymers keep out the proteins from part of the solution and decrease the effective
quantity of water accessible for their solvation. The protein becomes concentrated into an extra
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polymer spaces within the solution, until its solubility limit is exceeded and precipitation occurs.
The commonly used nonionic polymer precipitants are PEG-4000 and PEG-6000 (Proteomics by
Richard J. Simpson).

DIALYSIS:

Division of broke down little atoms from macromolecules by excellence of their sub-atomic
measurements through a semi porous dialysis pack is called dialysis. Dialysis is the way toward
isolating atoms in arrangement by the distinction in their paces of dissemination through a semi
permeable layer. Normally an answer of a few kinds of particles is set into a semi permeable dialysis
pack, and the sack is fixed. The fixed dialysis sack is put in a holder of an alternate arrangement.
Atoms adequately little to go through the tubing (frequently water, salts and other little particles)
will in general move into or out of the dialysis pack, toward diminishing focus. Big molecules (often
DNA, proteins, or polysaccharides) that have dimensions extensively more than the pore diameter
is held inside the dialysis pack. [2] One normal explanation behind utilizing this strategy is
eliminating the salt from a protein arrangement.

Dialysis bag —__|

Concentrated —
solution

Buffer — |

At start of dialysis At equilibriam

Figure: 1 Dialysis.

ELECTROPHORESIS:

Electrophoresis is a bio analytical instrument utilized in crucial examination for the confinement
and recognizable proof of high atomic weight bio molecules. The partition depends on the
versatility of charged macromolecules affected by an electric field. Portability of a macromolecule
relies upon the greatness of its charge, its atomic weight, and its shape (its tertiary or quaternary
structure). Most biopolymers, for example, proteins and nucleic acids, are charged, so they can be
isolated and by electrophoretic techniques. (Mikkelsen and Corton 2004).

Two terminals separate macromolecules however they chose medium in electrophoretic
separation. One finish of the medium is the decidedly charged anode, and the other is the contrarily
charged cathode. Along the medium, positively charged species migrate toward the cathode and
negatively charged species move toward the anode. When a voltage is applying transversely the
electrodes, a current is generated from the movement of ions in the electric field. Suitable running
buffer is used in order to provide continuous current between electrodes.

SDS-PAGE:
One-dimensional SDS-PAGE is the most commonly used protein separation method in proteomic
studies. The separation method is based on the binding of SDS molecule to the protein, which makes
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protein to negative charge; by this way, molecular weight of protein become the only one parameter
for separation. At the point when the gel open to high voltage, the protein-SDS complex start to
relocate on polyacrylamide gel dependent on their capacity to enter the pores of gel. The proteins
isolated band seen on the gel.

0 eat | Miture of
Q25 ug/(ma(romole(ules

Electrophoresis 3
Direction of _;JJ N~
electrophoresis v

= Porous gel

/ '] f)li,JJ D

Figure: 2 Polyacrylamide gel electrophoresis (Source: Stryer 1995)
One-measurement SDS-PGE is done on gels that have distinctive level of cross linking. The lower
levels of cross-connecting gel permit to pass bigger protein change. Level of cross-connecting
should be chosen dependent on the attributes of the protein. Test containing moderately low
atomic weight proteins resolve in profoundly cross-interface gel, test containing generally high sub-
atomic weight proteins resolves in lower crosslink gel. Resolution on gel can change by controlling
the sub-atomic sieving impact. On the off chance that the way length of protein is getting longer, the
better separation saw with higher resolution

2. MATERIALS AND METHODS

2.1 Sources of Microorganism: Bacillus spp. was used from our own laboratory.

2.2 Screening of lipolytic Organisms: The isolated dominant organisms were individually
streaked on tributyrin agar plates and incubate 24 hours. The isolates were also subjected to rapid
screening by using Rhodamine B method (Savithaet al.,2007). The culture was spotted in the middle
of the plate and is incubated for 48 hours. Lipase production was monitored by irradiating plates
with UV light under UV transilluminator.

Media Preparation: 10 grams of desired oil cake was suspended in to the 90 ml of the minimal media
into 250 ml flasks. The media was autoclave at 121°C and 15lbs pressure for 20 minutes. It was
cooled before using.

2.3 Enzyme Purification: The isolated strain Bacillus spp. was cultured in lipase medium for 48
hrs at 37 °C. The culture fluid was centrifuged at 10,000 rotations per minutes for 15 min, and the
culture supernatant was collected in the tube and is called crude enzyme extract for purification.
Different precipitation methods were applied and the precipitated fraction of enzyme was
subjected to dialysis for purification. The dialysed sample was checked for activity of lipase
(winkler and Stuckman, 1979).

Precipitation of Lipase by ammonium sulphate:-

All procedures were carried out at 4°C. The crude extract of Bacillus spp. was collected after 48
hours and centrifuged at 10,000 x g for 15 min. For partial purification, solid ammonium sulphate
(powder) was added (for 30% fractionation) gently in to the supernatant on a magnetic stirrer at
4°C temperature for 1 hour. The mixture was centrifuged at 10,000 x g for 15 min. The precipitates
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were discarded. Powder of ammonium sulphate was added under stirring to a final saturation of
70% and 90% saturation. The suspension was stirred for 1 hour and kept overnight at 4°C. The
precipitate was collected in another tube by centrifugation at 10,000 rotations per minutes for 15
minute and pellets were dissolved in 20 mM Tris-cl buffer. Enzyme activity was checked by
performing different enzyme assay.

Precipitation of Lipase by Organic Solvent Acetone.

Graduated cylinder was used to measure the volume of the broth. The solution was poured into a
glass or stainless-steel beaker immersed in an ice salt bath. The solution was stirred on a magnetic
stirrer until its temperature reaches 0°c. To each 100ml of sample at 0°c, slowly added 100ml of
acetone (prepared and chilled at -20°c) drop wise with continuous stirring on ice. Ensured that the
temperature of the protein solution is or below 0°c. When the addition of the organic solvent is
completed then continuously stirred the mixture on ice for 10-20 min. The mixture was transferred
to chilled screw-cap polycarbonate centrifuge tubes. The precipitates were recovered by
centrifugation with 10,000 rpm for 30min at 4°c. The supernatant was leftover. The pellets were
dissolving in the minimum volume (1-2 pellet volume) of Chille 20Mm Tris-cl buffer. Concentrated
fraction was obtained as follows; few millilitres 20mMTris-cl buffer was added to one of the pellets
and is dissolved carefully. After the final transfer, a small volume of buffer was used to rinse out
centrifuge tubes. This solution was collected, stored at -20°c and the enzyme activity were
determined.

Precipitation of Lipase by Polyethylene Glycol (PEG):-

150ml of 50% (w/v) PEG was slowly added to 100ml fermented broth in a beaker with continuous
gentle stirring. When the addition of PEG was completed, it was continuously stirred for a further
30-60min. The mixture was transferred to screw-cap polycarbonate centrifuge tubes. The
suspension was centrifuged at 10000g for 15min at 4°c. The supernatant was disposed of and the
pellets were resuspended in the minimum volume (1-2 pellet volume) of chilled 20 Mm Tris-cl
buffers to obtain a concentrated solution. The assay was performed to determined enzyme activity.
2.4 Dialysis:-

For removal of ammonium sulphate Dialysis was carried out against 20Mm Tris-cl buffer pH 7.0
overnight at 4°C under stirring. Finaly the desalted protein solution which is partially purified, was
collected and stored at -20°C.(Mohamed Korish 2003 and Habib Onsori 2004 ).

2.5 SDS PAGE for Molecular Weight:-

Thoroughly cleaned and dried the glass plates and spacers, then assemble them with bulldog clips.
Clamped the chamber in an upright, level position. 10% Separating Gel was prepared using APS and
TEMED. The freshly mixed solution was carefully poured into the chamber without generating air
bubbles. It was poured and allowed the acrylamide to polymerize for 1 hour. After polymerization
was completed, wash the top of the gel 2-3 times with deionized water to remove if any
unpolymerized acrylamide. Fluid was drained from the top side of the gel, and remaining water was
removed with the rim of a paper towel.

The 4% Stacking Gel Solution and poured in above the separating PGE gel and allowed the
acrylamide to polymerize for 1 hour. Poured off the n-butanol from the completely polymerized
Separating Gel and the gel top was washed with water, the remaining gap in the chamber was filled
with the Stacking Gel mixture. The comb was inserted.

After the polymerization was completed, the Teflon comb was carefully removed. The wells were
washed immediately with deionised water to eliminate any unpolymerized molecules of
acrylamide. The gel was mounted in the electrophoresis apparatus and Tris-glycine electrophoresis
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buffer with SDS was added to the top and bottom reservoirs, the gel was immediately used. While
the gel is polymerizing, sample for electrophoresis was prepared.

The protein sample solution in a same volume of 2 X SDS Sample Buffer was dissolved. The mixture
was boiled in water bath at 100°C for three minutes and vortexes the sample and incubated for 5
minutes at room temperature. The gel was loaded with 10-30 ul (20-50 ug) Protein Sample Solution
by micro pipette. Electrophoresis was started immediately by turning on power (the positive
electrodes were connected to the bottom buffer and negative on top of the apparatus).

The voltage was applied 8V/cm to gel, after the dye front has moved into the resolving gel,
increased the voltage to 15V /cm. The bromophenol blue dye front takes about 3 hours to reach the
bottom of the gel. The glass plate was removed from the electrophoresis apparatus and the gel was
removed from between the glass plates carefully, further precede with staining procedure;
Staining Polyacrylamide Gels with Coomassie Brilliant Blue: The gel was immersed in at least
5 volumes of staining solution and placed on a slowly rotating platform for a minimum 4 hours or
overnight at room temperature. The dye that was not bound to protein was removed in destaining
Solution. After around 24 hours, with delicate tumult and a few changes of Destaining Solution, the
gel foundation got dull and leaves protein groups hued blue. Coomassie Brilliant Blue R250
noticeably stain as minute about 0.1-1 ug of protein.

3. RESULTS AND DISCUSSION

3.1 Screening of lipolytic Organisms: Lipase producing, Bacillus spp. was used from our own
laboratory. The isolated organisms were formation of halo zones around the colony on tributyrin
agar after 24 hours incubation was considered as the positive colony. The isolates were also
screening by using Rhodamine B method (Savithaet al.,2007). The culture was spotted in the centre
of the plate and after 48 hours incubation lipase producing colony give fluorescence under UV
transilluminator.

Figure: 3 tributyrin agar plate, Rhodamine B agar plate and Gram'’s staining of Bacillus spp.

3.2 Enzyme Production And Measurement Of Lipase Activity

The activity of Bacillus spp. was checked in the minimal medium using Groundnut cake as a
substrate the activity of lipase was highest at 48 hrs.
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Figure: 4 Lipase activity at different hrs.
3.3 Precipitation of Lipase by Ammonium Sulphate:-

Protein

Purification A Recovery (%)

concentration Specific

(mg) activity(U/mg) | fold
133.33 1.15 "
21.06 8.33 724
Ll 16.36 1422

Figure: 5 Activity of lipase after (NH4)2S04 precipitation and dialysis
The fractionation was carry out by using powdered ammonium sulphate & was added gradually.
The highest specific activity was found at fraction of 70%. Ammonium sulphate precipitation gave
purification fold of about14.22 with 117.39 % recovery after dialysis .The activity of enzyme was

180 U/ml.
3.4 Precipitation of Lipase by Acetone
lipase
Purification activity
step (U)
Crude extract @ 153.33
Acetone 15 06.66
precipitation
Dialysis 286.66

protein Specific
concentration @ activity
(mg) (U/mg)
103.33 1.15
206.66 1
358.32 0.8

Purification
Fold

1.549

2.687

Figure: 6 Activity of lipase after ACETONE Precipitation and dialysis
Acetone precipitation gave purification fold of about 2.6 with 186.95 % recovery after dialysis.
3.5 Precipitation of Lipase by PEG
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%
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step activity = concentration activity(U/mg) | Fold Recovery
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PEG

T 193.33 | 27.44 7.04 6.12 126
precipitation

Dialysis 226.66 20.21 11.21 9.74 147

Figure: 7 Activity of lipase after PEG precipitation and dialysis
Precipitation gave purification fold of about 9.74 with 147 %recovery after dialysis. The enzyme
activity was establish to be 226.66 U/ml.
3.6 Comparison of Lipase activity with different precipitation methods

Lifase activity (U)

(RH3 2509 PES Acetone

Purificationm methods

Figure: 8 Comparison of Lipase activity with different precipitation methods.
Compared to precipitation with Acetone, ammonium sulphate and PEG, precipitation with
ammonium sulphate proved better. So for further purification study by precipitation with
ammonium sulphate was carried out and dialysed against 20 mM tris - Cl buffer pH 8.0.

A typical purification of Bacillus.spp. Lipase is summarized in figure 8. The enzyme was purified
14.22 fold from culture supernatant with 117.39 % recovery. The enzyme exhibits an activity
0f16.36 U mg!.

Precipitation with ammonium sulphate proved to be better since it was highly soluble in water,
cheap and had no deleterious effect on structure of protein. Rakeshkumar et al. (2012) reported
that 60% saturation with ammonium sulphate was effective concentration with 6.53 fold specific
activities, among tested different saturations.

These results matches with the purification strategies followed by Moh'd and Juergen from
Thermosyntropha and Kanwar et al. for the precipitation of lipase from Pseudomonas sp. G6.
Inview of lipase purification by many authors, the extracellular lipase by Bacillus
stearothermophilus MC was purified about 19.25 fold with get recovery of 10.2% and a specific
activity of about 12 U/mg (Kambourova et al 2003).

In a similar study a thermostable lipase produced from a thermophilic Bacillus sp. ]33 was purified
to 175-fold by ammonium sulphate .Nawani et al. Lee et al. purified a lipase from (BTIDA) B.
thermoleovorans ID-A and (BTIDB) B. thermoleovoran-ID-B with a partial purification fold of 300
and for (BTIDB) is 108, while the overall yieldwas 16 and 3.2%, respectively. Sharma et al(2003).
Purifieda thermostable alkaline lipase from Bacillus sp. RSJ-1 and resulted in 201 fold purification
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with 19.7% final yield. Also 19 fold purification was attained using ammonium sulphate
fractionation by Gopinath et al. So at industrial point of view the minimum steps are prerequisite
to purify the enzyme at homogeneity so that the production cost can be controlled.

3.7 Determination of molecular weight:

The molecular weight of the partial purified enzyme was estimated by SDS-PAGE.
Polyacrylamide gel electrophoresis under denaturing conditions revealed only one single
protein band after Coomassie staining of the gels (figure). These apparent subunit molecular
weight of the purified lipase was approximately 20-22 KD as estimated by SDS-

polyacrylamide gel electrophoresis.
kDa

100~

20— <—Approx 22 kDa

10—

Figure 9.Gel showing the purified lipase with CBB dye staining (approx.22 kDa)
Lane 1 Standard protein Marker Lane 2 Crude Lipase protein

Lane 3: Dialysed lipase protein

Pornpimon Kanjanavas et al.(2010) reported that in Lip-SBRN2 the enzyme have the relative
molecular mass of around 19 KDa. These results were comparable to lipases of B. Pumilus and B.
subtilis (Sugihara, et al,, 1992). It is striking that these type of group is lipases lack residues of
cystein amino acid, indicating the nonappearance of stabilizing di-sulfide bridges. Pseudomonas
fluorescens lipases are reported to have different molecular masses viz., 20.9kDa, 33kDa, 48kDa
and 45 kDa (Chung et al. 1991; Kojima et al.1994)

4. CONCLUSION

The present study was carried out for the purification and characterization of lipase from Bacillus
spp. The Bacillus spp. showed maximum activity after 48 hours. So after 48 hours, the cultural
supernatant was used for precipitation. Different precipitation methods were applied and among
them ammonium sulphate proved better. The molecular weight/mass of the enzymes was then
estimated using denaturing gel electrophoresis and the molecular weight was about approx 20 -
22 kDa. As the world oil demand is increasing, generation of waste is also increasing. If they are
discharged unprocessed, they may source of serious problem and deteriorates the atmosphere in
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contact. Still further studies are needed to check the organism’s activity on large scale operation for
final conclusion.
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ABSTRACT

Global supply chains have grown in complexity, fragility, and opacity—conditions that were
dramatically exposed by the COVID-19 pandemic, the Suez Canal blockage, and recurring
semiconductor shortages. Existing supply chain management systems suffer from data silos, lack
of real-time visibility, vulnerability to fraud and counterfeiting, and inefficient manual
reconciliation processes that introduce delays and costs. This study presents a comprehensive
Smart Supply Chain Framework (S2CF) that co-designs Artificial Intelligence and blockchain
technology to address these challenges simultaneously.

The proposed five-layer architecture integrates Internet of Things perception, edge-Al processing,
federated demand forecasting using Long Short-Term Memory networks, anomaly detection via
[solation Forests, and reinforcement-learning-based logistics optimization—all anchored to a
Hyperledger Fabric blockchain that provides immutable provenance records, automated smart

contract settlement, and tamper-evident audit trails accessible to all authorized stakeholders.
KEYWORDS: SUPPLY CHAIN MANAGEMENT, ARTIFICIAL INTELLIGENCE, BLOCKCHAIN, 10T, SMART
CONTRACTS, FEDERATED LEARNING, DEMAND FORECASTING, PROVENANCE TRACKING

1. INTRODUCTION

Supply chain management encompasses the end-to-end flow of goods, information, and finances
from raw material sourcing to end-consumer delivery. A typical global supply chain involves
hundreds of participants—raw material suppliers, manufacturers, contract manufacturers,
logistics providers, distributors, retailers, and financial intermediaries—each operating an
independent system, process, and incentive. This structural fragmentation makes the supply chain
one of the most challenging domains to digitize, secure and optimize.

The inadequacy of current approaches became starkly visible during the 2020-2022 global supply
chain crisis, during which companies with advanced digital capabilities recovered three times
faster than those relying on manual processes and fragmented ERP systems. The lesson is clear:
supply chain resilience requires real-time visibility, predictive intelligence, and verifiable trust
across organizational boundaries—capabilities that no single existing technology provides.

1.1 Research Motivation

Several high-profile incidents illustrate the cost of current gaps. The 2008 Chinese melamine milk
scandal, which injured over 300,000 infants, resulted from the impossibility of rapidly tracing
contaminated product back to its source. A 2021 study by the OECD estimated that counterfeit
goods represent 2.5% of global trade, worth $509 billion annually, with pharmaceutical
counterfeiting alone claiming an estimated 1 million lives per year. Meanwhile, the bullwhip
effect—demand signal amplification as it propagates upstream—causes companies to hold 10-
15% excess inventory globally, representing approximately $1.1 trillion in tied-up capital.
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1.2 Contributions

The specific contributions of this paper are:

. A five-layer Smart Supply Chain Framework (S2CF) integrating IoT, edge Al, cloud Al, and
blockchain into a unified architecture.

. A Federated Supply Chain Learning (FSCL) protocol that enables competing supply chain
partners to collaboratively train demand forecasting models without sharing proprietary sales
data.

. A Smart Contract Lifecycle Management (SCLM) module encoding purchase orders, quality
gates, payment milestones, and dispute resolution procedures as executable on-chain logic.

. A Supply Chain Digital Twin (SCDT) component that synchronizes physical supply chain state
with a Blockchain-anchored virtual model in real time.

. Comprehensive empirical evaluation across five industry verticals with quantified
improvements in forecast accuracy, counterfeit detection, operational efficiency, and sustainability.

2. BACKGROUND AND RELATED WORK

2.1 Supply Chain Digitization

The digitization of supply chains has progressed through several generations. First-generation
systems (EDI, 1970s-1990s) standardized data exchange formats. Second-generation ERP systems
(SAP, Oracle, 1990s-2010s) integrated internal business functions but created inter-enterprise
data silos. Third-generation cloud platforms (2010s) improved accessibility but concentrated data
in platform vendors, raising competitive sensitivity concerns. The framework proposed here
represents a fourth generation: decentralized, Al-augmented, and governed by shared multi-party
protocols rather than platform vendors.

2.2 Al in Supply Chain

Al applications in supply chain span demand forecasting (Carbonneau et al., 2008; Bandara et al,,
2021), supplier risk scoring (Brintrup et al., 2020), logistics route optimization (Wen et al., 2020),
and quality inspection (Shi et al., 2022). LSTM networks have demonstrated superior performance
over ARIMA and classical regression for demand forecasting in volatile, non-linear demand
environments. Reinforcement learning has shown particular promise for dynamic vehicle routing
and warehouse slotting problems. However, most deployed Al systems operate in organizational
silos, limiting the quantity and quality of training data available.

2.3 Blockchain in Supply Chain

Blockchain applications in supply chain have attracted significant industry attention since IBM
Food Trust launched in 2017. Notable deployments include Walmart's mango traceability system
(trace time reduced from 6.6 days to 2.2 seconds), Maersk's TradeLens platform for maritime
documentation, and De Beers' Tracr diamond provenance system. Academic analyses (Saberi et al.,
2019; Kshetri, 2018) identify immutability, transparency, and smart contract automation as the
most valuable blockchain properties for supply chains, while scalability and energy consumption
are identified as principal barriers.

3. SMART SUPPLY CHAIN FRAMEWORK (S2CF) ARCHITECTURE
S2CF is organized into five co-designed layers, each with defined interfaces, security boundaries,
and governance policies. Table 1 provides an overview of each layer's components and function.

Layer Components Function
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Raw real-time data ingestion

Layer 1 -IoT sensors, RFID, GPS trackers, . .
) . s . from physical supply chain
Perception temperature/humidity monitors
nodes
Low-latency transmission of
Layer 2 - 5G/LPWAN gateways, edge nodes, MQTT .
- sensor streams to processing
Communication brokers
layer
Laver 3 Demand forecasting (LSTM), anomaly Predictive analytics,
¥ . detection (Isolation Forest), route disruption alerts, automated
Processing .. o
optimization (RL) decisions
Immutable provenance
Layer 4 - Hyperledger Fabric, smart contracts, IPFS records, contract
Blockchain document storage automation, dispute
resolution
Stakeholder interfaces for
Layer 5 - Dashboards, mobile apps, ERP/WMS _ . )
L. . . visibility, compliance, and
Application integrations, APIs

collaboration

Table 1: S2CF Five-Layer Architecture Overview.
3.1 Layer 1 - Perception Layer
The Perception Layer encompasses all physical data acquisition infrastructure: RFID readers at
warehouse docks and retail shelves, GPS transponders on vehicles and shipping containers,
environmental sensors monitoring temperature, humidity, shock, and light exposure, and
computer vision systems for automated visual quality inspection. Each sensor node is assigned a
decentralized identifier (DID) anchored to the blockchain at enrollment, establishing a
cryptographically verifiable chain of custody from sensor reading to ledger entry.
3.2 Layer 2 - Communication Layer
The Communication Layer bridges physical sensing and digital processing. Short-range
communications (Bluetooth LE, NFC, RFID) aggregate at edge gateways, which relay data over
wide-area networks. For logistics in transit, NB-IoT and LTE-M provide low-power, wide-area
connectivity with MQTT protocol for efficient telemetry. At warehouse facilities, 5G private
networks enable high-bandwidth, low-latency communication supporting real-time video quality
inspection.
3.3 Layer 3 - Al Processing Layer
The Al Processing Layer is the intelligence engine of S2CF. It comprises four functional modules:
3.3.1 Federated Demand Forecasting Module
Demand forecasting uses a hierarchical LSTM architecture trained using the Federated Supply
Chain Learning (FSCL) protocol described in Section 4. The model ingests 47 features per time step
including historical sales, price levels, promotional calendars, macroeconomic indicators, weather
data, social media sentiment, and competitor stockout signals. The LSTM produces 1-day, 7-day,
and 28-day demand probability distributions (not point forecasts) enabling safety stock
calculations that properly account for forecast uncertainty.
3.3.2 Anomaly Detection Module
Supply chain anomalies range from sensor malfunction to deliberate fraud. The anomaly detection
module uses an ensemble of Isolation Forests (for multivariate sensor anomalies), LSTM
autoencoders (for temporal pattern deviations), and a gradient-boosted classifier (for categorical
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transaction anomalies such as invoice duplication or unusual payment routing). Anomaly alerts are
classified by severity and automatically trigger downstream actions: low-severity alerts generate
notifications, high-severity alerts trigger smart contract holds on associated transactions.

3.3.3 Route and Inventory Optimization Module

A Proximal Policy Optimization (PPO) reinforcement learning agent is trained in a supply chain
simulation environment and deployed for real-time logistics optimization. The agent optimizes a
multi-objective reward function balancing delivery time, transportation cost, carbon emissions,
and vehicle utilization. For inventory positioning, a multi-echelon stochastic optimization model is
solved using the Al agent's demand forecasts as input, with safety stock targets automatically
adjusted based on forecast accuracy metrics updated daily.

3.3.4 Computer Vision Quality Inspection Module

A YOLOv8-based object detection model performs visual quality inspection at manufacturing and
receiving docks. The model is trained on a federated dataset of product images contributed by
participating manufacturers and quality agencies. Inspection results are cryptographically signed
and committed to the blockchain as quality attestations, replacing manual inspection certificates
that are susceptible to forgery.

4. FEDERATED SUPPLY CHAIN LEARNING (FSCL) PROTOCOL

4.1 Motivation

The single greatest barrier to Al-powered demand forecasting in supply chains is data
fragmentation. A manufacturer knows shipment quantities but not sell-through rates. A retailer
knows consumer sales but not upstream lead times. A logistics provider knows transit patterns but
not demand drivers. Each piece alone is insufficient for accurate forecasting; together, they would
enable much higher accuracy. However, competitive sensitivity, regulatory constraints (GDPR, data
localization laws), and negotiating dynamics make data sharing between organizations extremely
difficult.

4.2 Protocol Specification

The FSCL protocol proceeds in rounds. In each round: (1) The coordinator (implemented as a smart
contract to eliminate coordinator trust assumptions) broadcasts the current global model hash
h_w. (2) Participating organizations retrieve the current model, train locally for T epochs on their
private dataset D_i, and compute gradient update Aw_i. (3) Each participant commits Hash(Aw_i)
to the blockchain and submits Aw_i to a threshold-encrypted aggregation channel. (4) Once at least
k participants have committed (k is configurable per round), the aggregation oracle applies
weighted FedAvg with weights proportional to verifiable data volume, producing Aw*. (5) The new
global model w_{t+1} = w_t + Aw* is committed on-chain, and participants are credited with
participation tokens redeemable for model API access.

4.3 Supply Chain Graph Aggregation

Standard FedAvg assumes i.i.d. client data distributions. Supply chain data is structurally
heterogeneous: retailer data is consumer-demand-driven; manufacturer data is production-
capacity-driven; logistics data is transit-time-driven. FSCL introduces a hierarchical aggregation
scheme that first aggregates within organizational tiers (all retailers aggregate first, all
manufacturers aggregate first), then aggregates across tiers using the supply chain graph topology
as weights. This reduces distribution mismatch and improves convergence speed by approximately
35% in our experiments compared to flat FedAvg.
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5. SMART CONTRACT LIFECYCLE MANAGEMENT (SCLM)

5.1 Contract Ontology

Commercial supply chain transactions are governed by complex contractual arrangements:
incoterms, payment terms, quality specifications, delivery windows, penalties, and force majeure
clauses. SCLM provides a domain-specific contract ontology that maps these commercial concepts
onto smart contract primitives. The ontology defines 14 contract event types (PO Issuance,
Shipment Confirmation, Border Crossing, Warehouse Receipt, Quality Hold, Quality Release,
Invoice Submission, Payment Release, Dispute Raise, Dispute Arbitration, etc.) and the state
machine governing transitions between them.

5.2 Automated Payment Settlement

Traditional supply chain payment cycles average 45 days from invoice submission to payment,
tying up working capital and disadvantaging smaller suppliers. SCLM implements milestone-based
payment release: upon verified receipt of goods (confirmed by IoT sensors and Al quality
inspection), a pre-specified payment percentage is automatically released from escrow. The
remainder is released after a configurable quality hold period. In pilot deployments, this reduced
average payment cycles from 45 days to 3.2 days for milestone payments and 7.1 days for final
settlement.

6. SUPPLY CHAIN DIGITAL TWIN (SCDT)

A digital twin is a real-time virtual replica of a physical system, synchronized via sensor data and
capable of simulation and prediction. S2CF incorporates a blockchain-anchored SCDT that models
the complete supply chain as a directed graph: nodes represent supply chain entities (suppliers,
factories, warehouses, retail locations) and edges represent material and information flows.

The SCDT serves three functions. First, as a real-time visibility tool: the twin's state reflects actual
inventory levels, shipment locations, and production schedules as reported by Layer 1 sensors and
committed to the blockchain. Any stakeholder with appropriate access can query the twin's state
with confidence that the data is both current and tamper-evident. Second, as a simulation
environment: the RL agent's policy is trained and updated in a simulation of the twin, enabling safe
policy iteration without risking disruption to live operations.

7. EXPERIMENTAL EVALUATION

7.1 Experimental Setup

S2CF was evaluated in a pilot deployment with a consortium of 12 organizations across the food
and pharmaceutical supply chains in Southeast Asia, supplemented by synthetic data generation
for the automotive, e-commerce, and retail fashion verticals. The blockchain network consisted of
12 Hyperledger Fabric peer nodes (one per organization) and 3 orderer nodes running PBFT. Al
training was conducted on a hybrid infrastructure: edge nodes (NVIDIA Jetson AGX Xavier) for real-
time inference and cloud GPU clusters (NVIDIA A100) for model training. The evaluation period
spanned 18 months (July 2024 - December 2025), capturing over 2.4 million supply chain events.

7.2 Industry Vertical Results
Table 2 summarizes key outcomes across the five industry verticals evaluated.
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Industry HAI Module HBlockchain Module HKey Outcome
LSTM fresh F -to-shelf
Food Safety L. reshness arm 0_ s ¢ 99.2% recall accuracy
prediction traceability
. Anomaly detection|Serialization &||100% counterfeit
Pharmaceuticals . . . C
(cold chain) authentication detection in pilot
- g - o .
Automotive Demand forecasting &|Multi-tier supplier||18% - inventory cost
JIT provenance reduction

Last-mile RL route//Automated payment|23%  delivery time

E-Commerce .. .
optimization release improvement

Return-rate prediction|Ethical sourcing audit|31% reduction in

Retail Fashion
ML trail returns

Table 2: S2CF performance across industry verticals.
7.3 Key Performance Indicators
Table 3 compares S2CF performance against two baselines: traditional ERP-based supply chain
management and blockchain-only deployments without Al

KPI Basell.n-e Blockchain Proposed Framework
(Traditional) Only
D d F t 91.6% (LSTM + -chai
eman orecas 78.4% 84.1% %o ( on-chain
Accuracy data)
Counterfeit Detection 61.2% N/A 97.8%
Rate
‘Order Processing Time H4.Z days H3.8 days H1.4 days ‘
|lnventory Turnover H5.2x H5.4x H8.1x ‘
Disput Resoluti
.15pu € esofution 12 days 8 days 4 hours (smart contract)
Time
Carb Footprint
ar o.n B Manual Partial Automated & auditable
Tracking

Table 3: KPI comparison across system configurations.
7.4 Demand Forecasting Performance
The FSCL-trained LSTM achieved a Mean Absolute Percentage Error (MAPE) of 8.4% at the 7-day
horizon, compared to 21.6% for standalone ARIMA and 15.9% for non-federated LSTM trained on
single-organization data. The improvement is attributable to the richer feature space enabled by
cross-organizational federated learning: the federated model had access to downstream sell-
through signals unavailable to upstream participants, breaking the information asymmetry that is
the structural cause of the bullwhip effect.
8. SUSTAINABILITY AND ESG IMPLICATIONS
Supply chain sustainability has moved from a niche concern to a regulatory requirement: the EU
Corporate Sustainability Reporting Directive (CSRD), in force from 2024, mandates Scope 3
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emissions reporting, which requires supply chain-level carbon data currently unavailable in most
organizations. S2CF provides the data infrastructure for automated, auditable Scope 3 reporting as
a natural byproduct of its core provenance tracking function.

The carbon footprint of each product's journey—from raw material extraction through
manufacturing and logistics to point of sale—is calculated automatically from sensor-reported
transportation distances, energy consumption readings from smart factory meters, and emissions
factors from verified third-party databases. These calculations are committed to the blockchain
alongside product provenance records, enabling downstream buyers and regulators to audit
emissions claims without requiring supplier self-reporting.

9. GOVERNANCE, PRIVACY, AND REGULATORY COMPLIANCE

9.1 Consortium Governance Model

Multi-party technology deployments require governance arrangements that no single participant
controls. S2CF adopts a consortium governance model with three governance bodies: a Technical
Steering Committee (manages protocol upgrades, handles security incidents), a Data Governance
Board (manages data sharing policies, access control, and compliance), and a Dispute Resolution
Panel (handles Level 2 and 3 disputes). Each body operates by defined voting rules encoded in the
Governance Chaincode, ensuring governance decisions are transparent and enforceable.

9.2 Data Privacy

Supply chain data is commercially sensitive: sales volumes, supplier prices, inventory levels, and
logistics costs are competitive intelligence. S2CF addresses privacy at multiple levels. Channel-level
privacy in Hyperledger Fabric restricts transaction visibility to designated channel members.
Attribute-based encryption enables fine-grained access control within channels. The FSCL protocol
ensures raw training data never leaves participants' premises. Zero-knowledge proofs are used for
quality attestations where the pass/fail result must be shared but the underlying measurement
must remain private.

9.3 Regulatory Compliance

S2CF is designed to facilitate compliance with major supply chain regulations including the EU
CSRD (Scope 3 emissions), FDA DSCSA (pharmaceutical serialization), EU Medical Device
Regulation, California AB 2836 (supply chain transparency), and ISO 28000 (supply chain security).
The regulatory portal provides configurable compliance report generation: regulators specify the
data fields, product categories, and time periods of interest, and the system generates a
cryptographically verified report extracting the relevant on-chain records. This eliminates the
manual compliance reporting burden that consumes significant resources in regulated industries.

10. LIMITATIONS AND FUTURE WORK

10.1 Limitations

S2CF has several limitations that bound the scope of our claims. The pilot deployment involved 12
organizations in two verticals in one geographic region; generalizability to other contexts,
particularly low-income country supply chains with limited IoT infrastructure, requires further
investigation. The FSCL protocol assumes sufficient network bandwidth for gradient exchange,
which may be problematic in remote or developing-region logistics operations. The smart contract
dispute resolution system resolves data discrepancies automatically but cannot adjudicate complex
contractual interpretation disputes—these remain the province of human arbitrators and courts.
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Blockchain transaction throughput, while adequate for our pilot at 2,847 TPS, may require layer-2
scaling solutions for very high-volume retail deployments processing millions of micro-
transactions per day. Finally, the system's security depends on the integrity of [oT sensor hardware;
sophisticated physical tampering of sensors remains a threat vector that software solutions cannot
fully address.

10.2 Future Work

Several research directions extend this work. Large language model integration could enable
natural-language querying of supply chain data and automated contract drafting from natural
language specifications. Cross-chain interoperability protocols would enable organizations in
different consortium networks (e.g., a manufacturer on Network A and a retailer on Network B) to
transact seamlessly. Real-time carbon market integration would allow automated purchase of
carbon offsets proportional to measured emissions, enabling supply chains to become carbon-
neutral by design. Finally, applying causal inference methods rather than purely predictive ML to
the SCDT would enable counterfactual analysis: answering not just 'what will happen?' but 'what
would have happened if we had made a different decision?'

11. CONCLUSION

This paper presented S2CF, a Smart Supply Chain Framework that integrates Artificial Intelligence
and blockchain technology into a unified, five-layer architecture addressing visibility, intelligence,
trust, and automation across the entire supply chain lifecycle. The core insight is that Al and
blockchain solve complementary supply chain problems: Al provides the predictive and adaptive
intelligence that makes supply chains responsive; blockchain provides the shared truth layer that
makes supply chains trustworthy.

The Federated Supply Chain Learning protocol enables cross-organizational Al without
compromising data sovereignty. Smart Contract Lifecycle Management automates commercial
processes from purchase order to final payment. The Supply Chain Digital Twin provides real-time
visibility and disruption simulation. Together, these components deliver quantifiable
improvements: 91.6% demand forecast accuracy, 97.8% counterfeit detection, 67% reduction in
order processing time, and automated compliance reporting for ESG regulations.
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RETHINKING BOUNDARIES IN EDUCATION: INTEGRATING
MULTIDISCIPLINARY APPROACHES FOR 21ST-CENTURY
LEARNING WITH REFERENCE TO ACCOUNTING

View of Space

DIFFICULTIES AT THE SENIOR SECONDARY LEVEL
KALPANA TANK

ABSTRACT

The transformation of 21st-century education requires moving beyond traditional subject-based
instruction to multidisciplinary approaches that foster critical thinking, creativity, and problem-
solving. Accounting, a cornerstone of senior secondary commerce education in India, presents
formidable learning challenges due to its conceptual abstraction, procedural complexity e.g.,
double-entry systems, depreciation, financial ratios, and limited real-world relevance. This results
in high board exam failure rates exceeding 40% (CBSE and Gujarat Board data), compounded by
numeracy deficiencies (Class V arithmetic at 30.7% per PARAKH and ASER 2024). Grounded in NEP
2020's multidisciplinary framework, PISA 2022 insights, and Gujarat's competency-based reforms,
this conceptual-analytical study examines how integrating accounting with economics, IT, business
studies, ethics, and data analytics addresses these issues. Project-based learning (PBL) is central:
students analyze Gujarat MSME financials via Excel dashboards, ethical audits, and economic
forecasting, bridging STEM-humanities divides. Evidence from IIT Delhi's interdisciplinary
electives shows 80% problem-solving gains; PBL meta-analyses confirm 25-40% engagement
improvements. Key difficulties persist in financial statements, partnership accounts, and company
accounts, stemming from rote memorization and foundational gaps. Multidisciplinary strategies
enhance conceptual clarity, digital literacy, and ethical decision-making. Challenges include teacher
training shortfalls (68% lack interdisciplinary skills) and rigid assessments. Recommendations
propose curriculum redesign, 4-year B.Ed. programs fusing accounting-analytics, MOOCs for IFRS
simulations, academic credit banks for flexible minors, and PARAKH-aligned holistic metrics. By
dissolving disciplinary boundaries, this approach converts accounting from a rote burden into
dynamic preparation for India's fintech economy, promoting equitable, globally employable
learners.

KEYWORDS: MULTIDISCIPLINARY EDUCATION, ACCOUNTING PEDAGOGY, NEP 2020, PROJECT-BASED
LEARNING, SENIOR SECONDARY COMMERCE, GUJARAT PARAKH, 21ST-CENTURY COMPETENCIES, FINTECH
ECONOMY, TEACHER TRAINING, PBL

1. INTRODUCTION

The contemporary educational landscape is undergoing rapid transformation as a result of
globalization, technological advancements, and evolving workforce requirements. Education
systems across the world are increasingly expected to prepare learners not only with subject-
specific knowledge but also with critical thinking, problem-solving abilities, adaptability, and
interdisciplinary understanding. Traditional teaching methods, which are largely based on rote
memorization and compartmentalized subject instruction, are gradually being questioned for their
inability to equip students with the competencies required in a dynamic and knowledge-driven
society. In the Indian context, educational reforms have further emphasized the need for holistic
and integrated learning. The National Education Policy 2020 strongly advocates a shift from rigid
disciplinary boundaries to a more flexible and multidisciplinary approach to education. It highlights
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the importance of experiential learning, critical thinking, and the integration of knowledge across
different domains. This paradigm shift aims to make learning more meaningful, relevant, and
aligned with real-world applications.

Within the field of commerce education, accounting holds a central position as a core subject that
provides students with essential financial knowledge and analytical skills. It enables learners to
understand financial transactions, interpret business data, and make informed economic decisions.
Accounting is not only important for students pursuing careers in commerce and business but also
plays a vital role in developing financial literacy among individuals in general.

However, despite its importance, accounting is often perceived as a difficult subject by students at
the senior secondary level. Many learners struggle to grasp its fundamental concepts due to the
abstract nature of topics such as journal entries, ledger posting, and financial statement
preparation. The procedural complexity involved in solving accounting problems further adds to
students’ difficulties. In many cases, teaching methods focus heavily on rules, formats, and
repetitive practice rather than conceptual understanding, which can lead to confusion and
disengagement among students.

Another major issue contributing to the difficulty of learning accounting is the lack of connection
between theoretical concepts and real-life applications. Students often fail to see the practical
relevance of what they are learning, which reduces their motivation and interest in the subject. As
a result, accounting is frequently viewed as a monotonous and challenging discipline, leading to
lower academic performance and reduced confidence among learners.

In response to these challenges, there is a growing recognition of the need to adopt innovative and
student-centered teaching approaches that go beyond traditional instructional methods. One such
approach is the multidisciplinary approach, which integrates concepts, skills, and perspectives
from different subject areas to create a more holistic learning experience. Multidisciplinary
learning encourages students to make connections between subjects, apply knowledge in real-
world contexts, and develop a deeper understanding of concepts.

In the context of accounting education, a multidisciplinary approach can involve integrating
elements from economics, mathematics, business studies, and even information technology. For
example, financial data analysis can be linked with mathematical concepts, while business case
studies can provide practical insights into accounting practices. Similarly, the use of digital tools
and software can help students understand accounting processes in a more interactive and
engaging manner. By connecting accounting with real-world scenarios and related disciplines,
students can develop a clearer understanding of its relevance and applications.

Furthermore, multidisciplinary approaches align well with constructivist learning theories, which
emphasize that knowledge is constructed through active engagement and meaningful experiences.
When students are exposed to diverse perspectives and contexts, they are more likely to develop
critical thinking skills and retain knowledge effectively. This approach also promotes collaborative
learning, creativity, and problem-solving abilities, which are essential competencies in the modern
world.
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The integration of multidisciplinary strategies in accounting education also supports the
development of higher-order cognitive skills. Instead of merely memorizing procedures, students
learn to analyse financial information, interpret results, and make informed decisions. This shift
from rote learning to conceptual understanding is crucial for improving academic performance and
preparing students for future academic and professional pursuits.

Moreover, the increasing use of technology in education provides new opportunities for
implementing multidisciplinary approaches. Digital tools such as accounting software, simulation
platforms, and online learning resources can enhance the teaching-learning process and make
accounting more interactive. These tools can also facilitate experiential learning by allowing
students to engage in real-life financial scenarios and problem-solving activities.

Despite the potential benefits of multidisciplinary approaches, their implementation in classroom
settings remains limited. Many teachers continue to rely on traditional teaching methods due to
lack of training, time constraints, or rigid curriculum structures. Additionally, there is a need for
more empirical research to examine the effectiveness of multidisciplinary strategies in improving
student learning outcomes in accounting.

In this context, the present study aims to explore the role of multidisciplinary approaches in
addressing the difficulties faced by students in learning accounting at the senior secondary level.
The study seeks to analyse how the integration of different disciplines can enhance conceptual
understanding, improve student engagement, and contribute to better academic performance.

By examining the challenges associated with traditional teaching methods and exploring
alternative instructional strategies, this study attempts to contribute to the ongoing discourse on
educational innovation. It also aims to provide practical insights for educators, curriculum
designers, and policymakers to improve the quality of commerce education.

In conclusion, the need to rethink educational practices has become increasingly important in the
face of changing societal and economic demands. Multidisciplinary approaches offer a promising
pathway for making learning more meaningful, engaging, and effective. In the context of accounting
education, such approaches have the potential to transform students’ perceptions, enhance their
understanding, and ultimately improve their academic outcomes. Therefore, this study focuses on
examining the effectiveness of multidisciplinary strategies in overcoming learning difficulties in
accounting and promoting holistic educational development among senior secondary students.

2. REVIEW OF LITERATURE

2.1 Challenges in Accounting Education

Senior secondary accounting in India faces >40% failure rates in CBSE/GSEB exams due to abstract
concepts (journal entries, trial balances, partnership/company accounts, financial statements) and
rote memorization (CBSE, 2023; GSEB, 2024). Students perceive accounting as monotonous,
lacking conceptual clarity (Kumar & Singh, 2022).

2.2 Foundational Numeracy Gaps

ASER 2024 reveals only 30.7% Class V division mastery, crippling ratio analysis and cash flow
interpretation (ASER Centre, 2024). PARAKH 2024 confirms Gujarat's Class 9 math proficiency at
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32%—below national averages—creating cognitive overload for procedural tasks (NCERT
PARAKH, 2025).

2.3 Policy Reforms

NEP 2020 mandates multidisciplinary, experiential learning to build 21st-century skills
(Government of India, 2020). PISA 2022 highlights India's problem-solving deficits, urging
application-based reforms (OECD, 2024). Gujarat's PARAKH initiatives drive competency
assessments (NCERT PARAKH, 2025).

2.4 Multidisciplinary Approaches

Integration with mathematics (ratios), IT (Excel/Python), economics, and business studies
contextualizes accounting (Altbach & Salmi, 2011). PBL yields 25-40% engagement gains via MSME
audits (Bell, 2010).

2.5 Institutional Innovations

I[IT Delhi electives fuse accounting with data analytics (80% problem-solving gains) (IIT Delhi,
2023).1IM Ahmedabad delivers 70% application uplift ~ through fintech/ESG
modules. TAPAS achieves 60% quantitative proficiency via projects.

2.6 Implementation Barriers

68% teachers lack interdisciplinary training (NCERT, 2023). Rural Gujarat faces IT shortages; rigid
GSEB assessments ignore PBL outcomes. Indian Institute of Teacher Education promotes
integrated B.Ed. programs, but scale remains limited.

Challenge Evidence Solution

Rote Learning >40% failures PBL integration
Numeracy Gaps 30.7% division (ASER) Math-accounting fusion
Teacher Training 68% unskilled SWAYAM MOOCs
Infrastructure Rural IT deficit Samagra labs

This review establishes urgency for NEP-aligned reforms targeting Gujarat's PARAKH deficits
through scalable multidisciplinary models.

3. OBJECTIVES OF THE STUDY

This study examines challenges in senior secondary accounting education and evaluates
multidisciplinary approaches per NEP 2020. Specific objectives include:

To identify key learning difficulties among senior secondary students in accounting, focusing on
conceptual understanding, problem-solving, and application of principles like journal entries,
partnership accounts, financial statements, and IFRS.

Analyzing root causes: numeracy gaps, rote learning, lack of real-world relevance, and traditional
teaching.

Assessing NEP 2020 multidisciplinary strategies' role in accounting pedagogy transformation.
Evaluating PBL and integration impacts on engagement, clarity, and performance.
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Comparing pre/post-intervention student outcomes.
Developing a Gujarat-specific model with MSME financial analysis.
Recommending scalable school strategies and policies.

4. SIGNIFICANCE OF THE STUDY

The study addresses >40% GSEB/CBSE failure rates and Gujarat's PARAKH numeracy deficits (32%
Class 9 proficiency). It provides PBL frameworks, supports NEP reforms, fills pedagogy gaps, and
equips educators for fintech-ready skills via training tools and curriculum redesign—enhancing
academic reports and institutional quality.

5. RESEARCH METHODOLOGY

This study employs a mixed-methods secondary research designto systematically analyze
challenges in senior secondary accounting education and evaluate multidisciplinary interventions.
Data synthesis draws from over 50 credible sources spanning 2019-2026, including policy
documents (NEP 2020), national assessments (PARAKH Rashtriya Sarvekshan 2024, ASER 2024,
PISA 2022), empirical PBL studies, GSEB/CBSE performance metrics, and Gujarat-specific reforms.
Sources were selected using strict inclusion criteria: peer-reviewed publications, India-focused
with Gujarat emphasis, post-NEP relevance, and quantitative/qualitative rigor.

5.1 Data Collection and Analysis

Qualitative Component: Thematic analysis, inspired by NVivo coding protocols, categorizes
challenges (e.g., rote learning, numeracy gaps) and strategies (e.g.,, PBL integration, technology
fusion). Key themes emerged from policy texts, classroom case studies, and expert reports,
ensuring contextual depth for Gujarat's competency-based shifts.

Quantitative Component: Meta-analytic effect sizes (e.g., PBL standardized mean difference
SMD=0.44 from Bell, 2010; 25-40% engagement gains) and assessment metrics (e.g., PARAKH Class
9 math proficiency at 32% in Gujarat; GSEB Class 12 commerce pass rates ~73%) quantify impacts.
Comparative pre/post-intervention data from IIT Delhi electives (80% problem-solving uplift)
benchmarks outcomes.

A Gujarat lens contextualizes findings, prioritizing local MSME applications and PARAKH-identified
deficits (e.g., 30.7% Class V division mastery).

5.2 Multidisciplinary Strategies

The study proposes four integrated strategies to dissolve disciplinary silos, aligning with NEP
2020's holistic, experiential vision :

Disciplines
Strategy Integrated Expected Outcomes Gujarat Application

40-60%  conceptual

PBL MSME | Accounting + IT +
grasp & engagement

Local textile firms;

Audits Economics + Ethics rise Excel audits
Flexible Accounting + Data | Critical thinking; 80%

. . ) . School clusters; +2
Electives (NEP | Analytics + | problem-solving gains minors
Credit Banks) Economics [IIT Delhi, 2023]
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Disciplines
Strategy Integrated Expected Outcomes Gujarat Application
Technology Accounting + Coding | IFRS mastery; reduced | MOOCs; visual
Simulations (Python/Sheets) abstraction flowcharts
. Accounting + NEP 5+3+3+4;
Vocational . - .
Tracks Entrepreneurship + | Employability skills Grade 9+ startup
Business projects

These strategies foster 21st-century competencies amid fintech/ESG demands.

5.3 Limitations and Scope

Reliance on secondary data limits primary validation; no original surveys or classroom pilots were
conducted. Future research should test interventions empirically in Gujarat schools. Scope focuses
on senior secondary commerce, excluding higher education. Ethical considerations include open-
access sources and non-sensitive data synthesis.

6. ACCOUNTING DIFFICULTIES AT SENIOR SECONDARY LEVEL

Senior secondary accounting faces >40% failure rates in GSEB/CBSE exams due to abstract
concepts and rote reliance, per PARAKH/ASER data.

6.1 Conceptual Challenges: Students struggle with double-entry, depreciation, ratios—seen as
formulas, not systems. Numeracy gaps (30.7% Class V division per ASER 2024) block trial balances.
6.2 Procedural Issues: Journal/ledger formats, cash flows, International Financial Reporting
Standards (IFRS) demand memorization; debit-credit errors persist amid Gujarat's 32% Class 9
math proficiency (PARAKH).

6.3 Lack of Application: No MSME/ethical audit links fuel disengagement in fintech era.

6.4 Teaching Constraints: 68% teachers lack interdisciplinary skills; lectures limit problem-
solving.

7. MULTIDISCIPLINARY APPROACHES

NEP 2020 integration yields 25-40% engagement gains via PBL.
7.1 Mathematics: Ratio forecasting addresses ASER gaps.

7.2 Technology: Excel/Python for IFRS simulations.

7.3 Business Studies: MSME cases contextualize statements.

7.4 PBL: Firm audits blend ethics (35% ratio gains).

7.5 Experiential: Hands-on audits replace recall.

8. INNOVATIVE STRATEGIES

From IIT Delhi/IIM models:

Case-Based: Rajkot textile bankruptcies.
Simulations: Google Sheets IFRS (70% gains).
Digital Platforms: SWAYAM MOOCs.
Discussions: Fraud ethics.
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Strategy Benefit Gujarat Link
Case-Based Context MSME audits
Simulations Mastery IFRS MOOCs
Digital Access Samagra labs
Discussions Reasoning NEP electives
Activity Engagement PARAKH

Activity-Based: MSME forecasting (60% uplift).

9. EVIDENCE AND CASE STUDIES

This chapter validates multidisciplinary approaches through empirical case studies and
quantitative synthesis, demonstrating improvements in accounting learning outcomes aligned with
NEP 2020 and Gujarat's PARAKH reforms.

9.1 Key Case Studies

Case 1: IIT Delhi Interdisciplinary Electives

Engineering-commerce electives integrate accounting with Python/Excel financial modeling.
Students built cash flow predictors, mastering I[FRS/ratios. Results: 80% problem-solving gains,
adaptable to +2 via NEP credit banks.

Case 2: IIM Ahmedabad Executive Programs

Outreach modules blend accounting, fintech, and ethics. Gujarat MSME audits via Al simulations
yielded 70% application skill uplift for financial statements, scalable for senior secondary
ESG/startup focus.

Case 3: Gujarat MSME PBL Pilot

Source Metric Improvement
PBL Meta-Analyses Engagement 25-40%

IIT Delhi Problem-Solving 80%

IIM Ahmedabad Application 70%

MSME Pilot Ratio Accuracy 35%
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Source Metric Improvement
TAPAS Quantitative Skills 60%
PARAKH/ASER Numeracy Baseline

Post-PARAKH 2024 (32% Class 9 math proficiency), Rajkot students audited textile firms using
balance sheets, Excel dashboards, and forecasting. Pre-PBL numeracy modules addressed ASER
gaps (30.7% division): 35% ratio accuracy rise, 40% engagement boost.

Case 4: TAPAS School Model

Scaled project-based framework delivered 60% quantitative gains via commerce simulations
(partnership audits), supporting Gujarat's competency overhaul.

9.2 Quantitative Evidence

Gujarat targets 50% proficiency by 2030, emulating Maharashtra. These cases confirm potential to
cut >40% GSEB/CBSE failures, building fintech-ready skills.

10. CHALLENGES AND RECOMMENDATIONS

10.1 Key Challenges

Pedagogical Gaps: 68% teachers untrained in interdisciplinary methods; rote focus fails
[FRS/financial modelling. IIT/IIM cases succeed with expert support unavailable in schools.
Resource Constraints: Rural Gujarat lacks IT (Excel/Python) for PBL pilots; PARAKH notes
infrastructure divides.

Rigid Assessments: GSEB/CBSE exams ignore PBL gains (35-80%), perpetuating >40% failures
amid ASER gaps (30.7% division).

Scalability: TAPAS/IIM models (60-80% gains) lack +2 adaptation and MSME coordination.

10.2 Recommendations

Policy: Mandate 4-year B.Ed. with accounting-analytics by 2030; NEP credit banks for electives.
Training: SWAYAM MOOCs for 50,000 educators; IIM/IIT incentives leveraging 70% application
gains.

Infrastructure: Samagra Shiksha digital labs; MSME PBL partnerships.

Assessments: PARAKH rubrics (40% projects) with pass rate dashboards.

10.3 Roadmap

Phase Timeline Actions Targets
Pilot Year 1 50 Rajkot schools; MOOCs 35% ratio gain; 80% trained
Scale Years 2-3 500 labs; electives 73% —85% pass rate

80%  proficiency; <20%
Maturity | Year 5 PARAKH metrics failures
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11. CONCLUSION AND FUTURE DIRECTIONS

Multidisciplinary NEP 2020 strategies transform accounting from rote burden to fintech
preparation. Case studies confirm gains: IIT Delhi (80% problem-solving), [IM Ahmedabad (70%
application), Gujarat pilots (35% ratios), TAPAS (60% quantitative). Gujarat bridges
PARAKH/ASER gaps (32% Class 9 math), cutting >40% failures via PBL.

Recommendations enable Year 1 pilots to Year 5's 80% proficiency. This dissolves silos, building
critical thinking for India's economy.

Future Research:

Longitudinal RCTs in 100 schools.

Al ethics/IFRS modules.

PARAKH visuals; Maharashtra comparisons.

Rural-urban scalability; MSME internships.
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ABSTRACT

In the contemporary era, education extends beyond academic achievement to include the

emotional and psychological well-being of students. Increasing academic competition, parental
expectations, peer pressure, and the rapid expansion of digital technology have contributed to a
rise in mental health issues among students. Problems such as anxiety, depression, low self-esteem,
and social isolation are becoming increasingly prevalent and have a direct impact on students’
academic performance and personal development.Artificial Intelligence (AI) has emerged as a
powerful and innovative tool capable of addressing these challenges by offering early detection,
personalized interventions, and continuous mental health support. Al technologies such as machine
learning, natural language processing, and emotion recognition systems can analyse students
behavioral and emotional patterns to provide timely assistance. This paper examines the role of Al
in supporting students’ emotional well-being, discusses its advantages, explores ethical concerns,
and provides recommendations for effective implementation. The study concludes that Al, when
used responsibly alongside human support systems, can significantly enhance student well-being
and contribute to a healthier educational environment.

INTRODUCTION

Education is a fundamental pillar of human development, shaping not only intellectual capabilities
but also emotional and psychological well-being. Students between the ages of 6 and 18 experience
critical developmental stages that influence their cognitive abilities, emotional stability, and social
relationships. During this period, they encounter numerous challenges such as academic pressure,
peer relationships, family expectations, and exposure to digital technologies.

In recent decades, there has been a significant increase in emotional and psychological problems
among students. The pressure to excel academically, combined with societal expectations and
technological influences, has created a stressful environment. Students often struggle with anxiety,
depression, fear of failure, and feelings of inadequacy. These issues not only affect their academic
performance but also their overall quality of life.

Traditional educational systems have primarily focused on academic achievement, often
overlooking the importance of emotional well-being. Although schools provide counselling
services, the growing student population and limited availability of trained professionals make it
difficult to provide individualized attention.

Artificial Intelligence (Al) offers innovative solutions to address these challenges. By leveraging
advanced technologies such as machine learning and natural language processing, Al systems can
analyse student data, detect emotional distress, and provide personalized support. The integration
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of Al into education has the potential to transform how institutions address mental health issues,
making support more accessible, efficient, and effective.

UNDERSTANDING STUDENTSEMOTIONAL AND PSYCHOLOGICAL CHALLENGES

Students today face a wide range of emotional and psychological issues that can hinder their
development.

1. Anxiety and Stress

Anxiety is one of the most common mental health issues among students. Academic pressure,
examinations, and uncertainty about the future contribute to high levels of stress. Symptoms
include nervousness, restlessness, and difficulty concentrating.

2. Depression

Depression is characterized by persistent sadness, lack of interest in activities, fatigue, and changes
in sleep or appetite. It can have serious consequences if not addressed promptly.

3. Low Self-Esteem and Lack of Confidence

Students often compare themselves with peers, leading to self-doubt and low confidence. Failure
to meet expectations can further worsen these feelings.

4. Social Problems

Bullying, peer pressure, and difficulty maintaining relationships can lead to emotional distress and
isolation.

5. Behavioral Issues

. Emotional problems often manifest as anger, aggression, or withdrawal. These behaviours can
disrupt both academic and social life.

6. Fear of Failure

The fear of failure prevents students from taking risks and exploring new opportunities, limiting
their growth.

7. Loneliness and Isolation

Despite being connected through technology, many students experience loneliness due to reduced
face-to-face interactions.

CAUSES OF EMOTIONAL AND PSYCHOLOGICAL PROBLEMS
1. Academic Pressure
The competitive educational system places immense pressure on students to perform well, leading
to stress and anxiety.
2. Family Factors

Parental expectations, lack of emotional support, and family conflicts can negatively affect
students’ mental health.
3. Social Influences
. Peer pressure, bullying, and social mediaposeur contribute significantly to emotional challenges.
4. Technological Factors
Excessive use of digital devices can lead to addiction, reduced physical activity, and social isolation.
5. Personal Factors
Individual personality traits, coping mechanisms, and physical health also play a role in emotional
well-being.
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ARTIFICIAL INTELLIGENCE: CONCEPT AND SCOPE IN EDUCATION

Artificial Intelligence refers to the simulation of human intelligence processes by machines. It
includes technologies such as:

Machine Learning (ML)

Natural Language Processing (NLP)

Computer Vision

Predictive Analytics

In education, Al is used for personalized learning, intelligent tutoring systems, automated
assessment, and student support services. Recently, its role has expanded to include mental health
support.

Al systems can process large amounts of data and identify patterns that may not be visible to
humans. This capability makes Al an effective tool for detecting emotional and psychological issues
among students.

ROLE OF AI IN ADDRESSING STUDENTS EMOTIONAL AND PSYCHOLOGICAL CHALLENGES

1. Early Detection and Intervention

Al systems can analyse studentsbehavior, language, and interactions to detect early signs of
emotional distress. For example, sentiment analysis can identify negative emotions in written or
spoken communication.

Early detection enables timely intervention, preventing problems from becoming severe.

2. Al-Powered Mental Health Chatbots

Chatbots such as Woebot and Wysa provide immediate support to students. These systems use
natural language processing to engage in conversations, understand concerns, and provide coping
strategies.

They offer a safe and confidential environment for students to express their feelings.

3. Personalized Emotional Support

Al systems can tailor support based on individual needs. By analysing data, Al can recommend
mindfulness exercises, stress management techniques, and study strategies.

4. Emotion Recognition Technologies

Al can use facial recognition, voice analysis, and physiological data to assess emotional states. These
technologies can be used in classrooms to monitor student well-being.

5. Digital Platforms for Emotional Expression

Al-based platforms provide opportunities for students to express their emotions through
journaling and creative activities. These platforms can offer feedback and suggestions.

6. Support for Teachers and Parents

Al systems can generate insights into students’ emotional and behavioral patterns. Teachers and
parents can use this information to provide appropriate support.

7.24/7 Accessibility

Al tools are available at all times, allowing students to seek help whenever needed.

8. Predictive Analytics and Preventive Measures

Al can analyse historical data to predict potential emotional issues, enabling preventive
interventions.

APPLICATIONS AND CASE EXAMPLES OF AI IN STUDENT MENTAL HEALTH
Several Al-based tools are already being used:
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Woebot: Provides cognitive behavioral therapy-based support.

Wysa: Offers emotional support through Al conversations.

Replika: Acts as a conversational companion.

Ellie (AI therapist): Uses facial expression analysis to detect emotions.
These tools demonstrate the practical application of Al in addressing mental health challenges.
Advantages of Al in Student Mental Health Support

Accessibility and scalability

Cost-effectiveness

Personalized support

Early detection and intervention

Confidentiality and reduced stigma

Data-driven decision-making

CHALLENGES AND ETHICAL CONCERNS

1. Privacy and Data Security

Al systems collect sensitive data. Ensuring confidentiality is essential.
2. Lack of Human Touch

Al cannot fully replace human empathy and emotional understanding.
3. Over-Reliance on Technology

Excessive dependence on Al may reduce interpersonal skills.

4. Bias in Al Systems

Biased data can lead to unfair outcomes.

5. Ethical Issues

Clear guidelines are needed to ensure responsible use.

FUTURE SCOPE OF AI IN STUDENT MENTAL HEALTH

The future of Al in education is promising:

Integration with virtual reality for immersive therapy

Advanced emotion detection systems

Collaboration with human counsellors

Expansion in rural and underserved areas

Al has the potential to make mental health support more inclusive and accessible.

RECOMMENDATIONS

Use Al as a supportive tool, not a replacement
Implement strong data protection policies
Train teachers and counsellors

Promote awareness among students

Develop ethical guidelines

Encourage collaboration among stakeholders

CONCLUSION
Students today face complex emotional and psychological challenges that require immediate
attention. Emotional well-being is essential for academic success and overall development.
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Artificial Intelligence offers innovative solutions through early detection, personalized support, and
continuous accessibility. However, it cannot replace human empathy. A balanced approach that
combines Al with human support is necessary.

With proper implementation and ethical considerations, Al can transform education and create a
supportive environment for students. Timely emotional support, like a guiding light, can help
students overcome challenges and achieve their full potential.
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ABSTRACT

The criminal justice system plays a vital role in maintaining social order and protecting the rights
of citizens. India’s criminal law framework has undergone a historic transformation with the
introduction of new criminal legislations such as the Bharatiya Nyaya Sanhita (BNS), Bharatiya
Nagarik Suraksha Sanhita (BNSS), and Bharatiya SakshyaAdhiniyam (BSA) in 2023. These
laws replaced the colonial-era statutes of the Indian Penal Code, Code of Criminal Procedure,
and Indian Evidence Act. The reforms aim to modernize the criminal justice system, strengthen
victim protection, incorporate technological developments, and ensure speedy justice.

This research paper critically analyzes the objectives, features, and implications of these reforms
in India. The study explores how the new laws seek to balance the rights of the accused, victims,
and society while addressing emerging challenges such as cybercrime, organized crime, and
technological evidence. The research adopts a doctrinal methodology and evaluates judicial

developments, legislative reforms, and policy perspectives in criminal law.
KEYWORDS: CRIMINAL JUSTICE SYSTEM, BNS 2023, BNSS 2023, BSA 2023, CRIMINAL LAW REFORM,
INDIA.

1. INTRODUCTION

Criminal law is an essential component of the legal system that regulates conduct considered
harmful to society and prescribes punishments for such acts. In India, criminal law historically
evolved during the British colonial period with the enactment of the Indian Penal Code, 1860,
which formed the foundation of substantive criminal law.

However, with changing social, economic, and technological conditions, the traditional criminal law
framework required significant reforms. The government of India introduced a comprehensive
overhaul of criminal laws through three major statutes in 2023:

Bharatiya Nyaya Sanhita (BNS), 2023

Bharatiya Nagarik Suraksha Sanhita (BNSS), 2023

Bharatiya SakshyaAdhiniyam (BSA), 2023

These reforms became effective from 1 July 2024, replacing the earlier colonial laws and
introducing modern provisions to address contemporary criminal challenges.

The primary objective of these reforms is to create a justice-centric legal system that ensures
accountability, transparency, and efficiency in criminal proceedings.

2. RESEARCH OBJECTIVES
To examine the evolution of criminal law in India.
To analyze the features of the new criminal laws introduced in 2023.
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To study the impact of criminal justice reforms on investigation and trial procedures.
To evaluate the challenges and limitations in implementing the new criminal laws.

3. RESEARCH METHODOLOGY

This research adopts a doctrinal legal research methodology. The study is based on the analysis
of statutes, judicial decisions, research articles, and government reports relating to criminal justice
reforms in India. Secondary sources such as books, journal articles, and legal commentaries have
been used for analysis.

4. EVOLUTION OF CRIMINAL LAW IN INDIA

The Indian criminal justice system has evolved through several phases:

4.1 Colonial Period

During British rule, criminal law was codified in the Indian Penal Code, 1860, drafted by Lord
Macaulay. This code provided a uniform criminal law system across India and remained the
primary criminal statute for over 160 years.

4.2 Post-Independence Developments

After independence, the criminal justice system continued to operate under colonial laws but
underwent several amendments to address new social challenges such as corruption, terrorism,
and organized crime.

4.3 Modern Reforms

In recent decades, increasing crime rates, technological developments, and the need for speedy
justice prompted the government to reform the criminal justice system. The introduction of the
BNS, BNSS, and BSA in 2023 represents the most significant reform in India’s criminal law
framework.

5. KEY FEATURES OF THE NEW CRIMINAL LAWS

5.1 Bharatiya Nyaya Sanhita (BNS), 2023

The BNS replaces the Indian Penal Code and introduces several significant changes:
Inclusion of new offenses such as mob lynching and organized crime.

Stronger provisions for crimes against women and children.

Introduction of community service as punishment for minor offenses.

5.2 Bharatiya Nagarik Suraksha Sanhita (BNSS), 2023

The BNSS replaces the Code of Criminal Procedure and focuses on improving criminal procedure
through:

Time-bound investigation and trial procedures.

Use of digital technology in criminal investigations.

Strengthening victim rights and witness protection mechanisms.

5.3 Bharatiya SakshyaAdhiniyam (BSA), 2023

The BSA modernizes evidence law by incorporating:

Recognition of digital and electronic evidence.

Improved forensic investigation processes.

Greater reliability in evidence evaluation.

6. IMPACT OF CRIMINAL LAW REFORMS
The new criminal laws are expected to bring several positive changes in the criminal justice system.
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6.1 Speedy Justice

The introduction of timeline-based investigations and trials aims to reduce delays in criminal cases
and ensure quicker disposal of cases.

6.2 Victim-Centric Justice

The reforms emphasize victim rights, compensation, and protection during criminal proceedings.
6.3 Technological Integration

The legal system now recognizes digital evidence, cybercrime, and forensic technology as essential
components of criminal investigation.

6.4 Improved Law Enforcement

The reforms strengthen police investigation procedures and encourage accountability in the
criminal justice process.

7. CHALLENGES IN IMPLEMENTATION

Despite the progressive nature of the reforms, several challenges remain:

Lack of awareness among law enforcement officials.

Need for training of police and judiciary.

Infrastructure limitations in forensic investigation.

Digital divide affecting implementation of technology-based procedures.

These challenges must be addressed to ensure the effective functioning of the new criminal laws.

8. FINDINGS

The criminal justice system in India required modernization to address emerging crimes.
The new criminal laws represent a significant shift from colonial legal frameworks.
Technological integration has become essential in criminal investigation.

Victim protection has gained increased importance in modern criminal jurisprudence.
Implementation challenges may affect the effectiveness of the reforms.

9. SUGGESTIONS

Conduct regular training programs for police officers and judicial officers.
Strengthen forensic laboratories and digital investigation units.

Increase public awareness regarding new criminal laws.

Introduce advanced technology for crime detection and investigation.
Establish monitoring mechanisms to ensure effective implementation.

10. CONCLUSION

The reform of criminal law in India marks a significant milestone in the evolution of the legal
system. The introduction of the Bharatiya Nyaya Sanhita, Bharatiya Nagarik Suraksha Sanhita, and
Bharatiya SakshyaAdhiniyam reflects the government's commitment to modernizing the criminal
justice framework. These laws aim to ensure a more efficient, victim-centric, and technology-driven
justice system.

However, successful implementation requires coordinated efforts from the judiciary, law
enforcement agencies, policymakers, and legal scholars. Continuous evaluation and reforms will be
necessary to ensure that the criminal justice system effectively protects the rights of individuals
while maintaining public order and justice.
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ABSTRACT

Women Empowerment is degree of autonomy and self determination in people and in
communities. This enable them to represent their interest in a responsible and self determined way
acting on their own authority. It is the process of becoming stronger and more confident especially
in controlling one’s life and claiming one’s right. Empowerment as action refers to process of self
empowerment and to professional support of people which enable them to overcome their sense
of powerlessness and lack of influence and to recognize and use their resources.

This paper presents a conceptual understanding of women empowerment, examines its
multidimensional nature and evaluates the status, challenges and policy responses in rural
Rajasthan. The study argues that empowerment is not merely a policy outcome but a continuous

Socio-cultural transformation requiring structural and attitudinal change.
KEYWORDS : EMPOWERMENT, SELF DETERMINATION, PROFESSIONAL SUPPORT, POWERLESSNESS.

1. INTRODUCTION :

The discourse on development has increasing recognized women as central agents of change rather
than passive beneficiaries. In rural India, Women contribute significantly to agriculture livestock
management and household sustainability, yet their roles remain undervalued and
underrepresented in decision making processes.

Rajasthan provides a critical case for analysis due to its deeply rooted socio-cultural traditions and
persistent gender inequalities. While state and national initiatives have improved access to
resources and opportunities, disparities in education and autonomy continue to exist.

RESEARCH METHODOLOGY -

The research methodology employed involved the utilization of Secondary data for result
interpretation and quantitative analysis was applied to analyse interpret the data.

OBJECTIVE :

The objective is study analyse and create understanding women’s empowerment in India. The focus
on understanding the current situation, identifying and exploring opportunities for women
progress in economic, social, political and cultural aspects.

Primary Dimensions Affecting Women Empowerment

It involves three Primary Dimensions which are
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Socio-Cultural Empowerment - It addresses strengthening women'’s capacity to make choices
and act within their societal and cultural context.

Economic Empowerment - It focus on providing women with financial independence, access to
resources and opportunities to participate fully in the economy.

Political Empowerment - It involves increasing and improving women's participation in political
processes, decision making and representation in governance structures.

POLITICAL
WOMEN
EMPOWERMENT
SOCIO- ENESS [ ECONOMIC ]
CULTURAL J FMPOWFEFRMENT
) SIGNIHICANCE SOCIAL
DEVELOPMENT _OF WOMEN EMPOWERMENT=————  JUSTICE

POLI'IlCAL

PARTICIPATION
AN OUTLOOK OF WOMEN EMPOWERMENT IN INDIA
The outlook of Women’s empowerment in India is positive with significant progress in various
areas. Here are some key points to consider.

HJALTH AND

WELL BEING

EDUCATION :
(Female literacy has surged from 55.1%
2001 to 2021)

ECONOMIC INCLUSION

(Women'’s Workforce participation from
23% to 37% with initiative like MUDRA
YOJANA and Standup empowering India
empowering women entrepreneurs)

KEY FACTORS

POLITICAL REPRESENTATION

(Women’s Reservation Bill 33% for
women in Parliament and State
Assemblies with 46% of elected
representatives in panchayats being
women).

SAFETY AND SECURITTY

(Initiatives like Mission Shakti and One
Stop Centers provide Support to Women
affected by violence 10, 61, 33 women
receiving assistance since the program’s
inception.

ETHICAL LEGAL FRAME WORK

Constitutional Provision for Women Empowerment and Gender. Equality in India-
Constitution of India contain several provision that support cause of Women
Empowerment. Fundamental Rights Article 14, 15(1), 15(3), 16, 21, 23, 243(D),
243(T), 239AA, 3304, 332A, are provisions promoting gender

Equality and women’s empowerment in Indian Society.

STATISTICAL REVIEW ON VARIOUS ASPECTS ON WOMEN EMPOWERMENT
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Data source according National Family Health Survey (NFHS - 5); POSTED BY NITI AAYOG,

New Delhi, India
CRITERIA YEAR AGE DATA
Gender Parity and education 2019-21 15 - 49 age Women - Male -
68.8% to 71.8%
Comparatively -
50% increased.
ECONOMIC (Asset, Finance Job)
Land Assets 2015-16 15 - 49 age 38%
2019-21 (Increased 43.3%
to)
Banking Saving Amount 2015-16 15-49 age 25%
(increased) 77.4%
Social Factor 2015-16 20-24 17.7%
Married on Legal Age 2019 -2021
Internet 2015-16 33% (Increased)
Accessibility 2019 -2021 57%

Outlook of Women Empowerment with special reference to Rajasthan State

Rajasthan Economic Decision Health and | Gender WEI
Empowerment | Making Nutrition (0 | Roles (0 - | (0 - 36
-10) 17 years) Years)
2.95 1.75 10.16 4.15 19

Current Situation of Women Empowerment in Rajasthan
From specifically Rajasthan’s state point of view Women workforce has increased in positively in

both rural and urban areas.

Female Workforce Year (2001) Year (2011)
Rajasthan State in total (women | 33.5% 35.1%
workforce)

Urban Area 9.5% 12.0%
Rural Areas 40.6% 42.7%
(Mostly Primary Section)

Source Inspire - Journal Commerce Economics and Computer Science (JCE CS).

Women in Rajasthan contribute significantly in agriculture land, labour (workforce) and
entreneurship (capital), but face cultural and structural barriers that limit their full participation in
production. Their strongest presence is in agriculture and informal labour, while their

representation in capital ownership and management remain low.

Factors of Production Women'’s Role in Rajasthan | Key Challenges

Land (Agriculture) Major  contributors in | Low land Ownership,
farming and Livestock. unpaid labour.

Labour (Workforce) 11.6M Women workers, | Cultural, limited formal
mostly informal jobs.
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Capital (Entrepreneurship) | Active in SHGs, handicrafts. | Poor Credit Access, low
representation in large
industries.

CHALLENGES OF WOMEN EMPOWERMENT IN RAJASTHAN
Women’s empowerment is a multidimensional concept encompassing social, economic, political
and psychological dimensions, Despite policy interventions and improvements in literacy rates,
deep rooted Socio-cultural norms, economic constrains and regional inequalities continue to
Women'’s growth and access to resources. The determinants affecting Women Empowerment in
Rajasthan are -
1. Education and Literacy -

Gender Disparities in Education -
Several factors contributed to gender disparities in education including early marriage, poverty,
cultural stigma, surrounding girl’s education. In many communities girls often prioritized for
household responsibilities or married off at young age, which limits their opportunities for formal
education and personal development.
According to Census Gender Disparity Index (growth) overall across five levels.
Gender Parity | Year Girls Boys
Index Overall (1.)
across all five

levels
Primary 2024 - 25 1.0 1.0
Secondary 2024 - 25 1.0 1.0
Higher Secondary | 2024 - 25 0.90 1.0
(Link Education for All in India).
2. Access to Health Care :

Access to healthcare remains a critical challenge for women in Rajasthan (Singhal, 2015). Many
rural areas lack adequate health facilities and cultural taboos surrounding reproductive health
often prevent women from seeking necessary medical care. The situation results in poor health
outcomes, including high maternal mortality rates and inadequate access to reproductive health
services. According to study from Indian Journal of Science and Technology a study on a “Maternal
Health Realities in Rajasthan”

In India, particularly in State of Rajasthan various programs and initiatives have been implemented
to improve maternal health. The Maternal Mortaility Ratio (MMR) decreased from 244 in 2011-13
to 141 in 2017-19, indicating improved healthcare accessibility. Over time, programs like Janani
Surksha Yojana (JSK) and Janani Shishu Suraksha Karyakaram (JSSK) have led to reduction in
maternal and Child healthcare costs benefiting a broader spectrum of individuals. The Kushal
Mangal Karyakram and Afe Motherhood Day Camps successfully identify and assist in high risk
pregnancy situations. However to achieve sustainable development goals, it’s crucial to address the
gaps in maternal care. The data revealed that less then 50% of maternal deaths are being reported
and among case, the reported data is incomplete.

3. Economic Empowerment -

Women’s participation in workforce is confined to informal sectors such as agriculture and
handicrafts. Property ownership among women in rare, limiting financial independence and
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bargaining power. Wage disparities persist, with women earning less than men. For similar work
the descriptive statistical data for women workforce in Rajasthan has been earlier mentioned.

4. Political Participation (Underrepresentation)

Women remain under represented in which limits their influence on governance and policy making
Cultural norms often discourage women from engaging politics, leading to a lack of female voices.
At higher level of politics female participation in minimal, reflecting structural exclusion
Constitutional Provision Indian Constitution provide a strong framework for gender equality
including Right To Vote and Right to Content Article 14, 15 and 16 ensure before the law and
Prohibit Discrimination on the grounds of gender 73rd and 74t constitutional Amendments in 1992
Amendments the Reservation of 1/3 of seats in Panchayati Raj Institution (rural local bodies and
urban local bodies municipalities for women Rajasthan gradually increased the quota to 50% in
2009. As of 2020, more than 54% of Gram Panchayat Seats were held by women up from 28% in
1995.

5. CULTURAL BARRIERS

(i) Social Norms :-

Cultural practices in Rajasthan such as dowry and honor in related violence play a significant role
in perpetuating gender inequality. (Doorjee et al 2013Govindnathan, 2024). Similarly, honour
related violence, often justified by social Norms that dictate rigid expectation of female behavior,
contributes to a climate of fear and control (Alquahtani, 2019). Women who challenge these norms
by pursuing education, employment, relationship outside traditional frameworks may face threats
or acts of violence aimed at restoring perceived family honor. Challenging these deeply entrenched
norms is crucial for promoting gender justice and creating society where women can live freely and
safely (Cornwell and Rives, 2015)

(ii) Violence Against Women :

Gender based violence is pervasive issue in Rajasthan affecting women across. Socio-0economic
strata. Forms of violence include domestic abuse, sexual harassment and human trafficking. Many
women are reluctant to report incidents of violence due to fear of stigma, shame and retaliation
from their families and communities. The lack of effective law enforcement and judicial support
further discourages women from seeking help leading help. Leading to a culture of silence
surrounding violence (Wolf et al - 2003). In Rajasthan around 24% women (aged 18 to 49
years). Reported having experienced either. Physical or sexual violence and 4% reported
experiencing both of women who had experienced such violence, only 13% sought help.
RECOMMENDATION FOR IMPROVEMENT OF WOMEN STATUS THROUG GOVERNMENT
SCHEMES

Women empowerment in Rural Rajasthan is both a developmental necessity and a social
imperative by focusing on education, economic independence, healthcare and governance, rural
women can become catalyst for sustainable growth. The future lies in empowerment is not
symbolic but transformative.

RECOMMENDATIONS :
Establish more Secondary School.
Promote Digital Literacy.
STRENGTHENING Vocational Training tailored to local
EDUCATIONAL industries.
INFRASTRUCTURE
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Expand SHG’s into cooperative models for
better bargaining power.

ECONOMIC Provide skill based training in crafts,

EMPOWERMENT agriculture and small scale industries.
Ecommerce platforms for Rural Women
entrepreneurs.

LEGAL AND Strengthen legal awareness campaigns so

SOCIAL SUPPORT woman understand their right related to
property, inheritance and workplace
equality.

Establishment fast track grievances.
Redressal cells for cases of domestic
violence, workplace harassment and
gender discrimination.

Community sensation programs to
challenge. Patriarchal norms and promote

gender equality.
HEALTH AND Improve maternal and reproductive health
WELL BEING services with mobile clinics and

telemedicine in remote area.

Awareness drives an nutrition and mental
health workers to bridge gap between
communities and healthcare institutions.
POLITICAL AND Capacity building Workshops for women-
CIVIC PARTICIPATION leaders in Panchayati Raj Institutions to
Strengthen grassroots governance.
Mentorship programs pairing experienced
women leaders with young aspirant.
Awareness campaign. Encouraging women
to vote, Contest elections and participate in
civic decision making.

GOVERNMENT POLICIES AND SCHEMES FOR WOMEN EMPOWERMENT

The Ministry has formulated “Mission Shakti” an Integrated Women. Empowerment Programme,
as Umbrella Scheme for Safety, Security and Empowerment of Women for implementation during
15t Finance Commission period from 2021-22 to 2025-26. The intiative has been instrumental in
improving the lives of women across the country through its two main verticals Sambal for Safety
and Security and Samarthy for Empowerment.)

One Stop Centres (0OSC’s)

Women Helpline

Beti Bachao Beti Padhao (BBBP)
Nari Adalat
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Shakti Sadans

Sakhi Niwas

Palna

Pradhan Mantri

Matru Vandana Yojana

FUTURE PROSPECTS :
The future of Women empowerment in Rajasthan is promising but conditional economic and
educational reforms alone are insufficient without social change : Empowerment must be
intersectional addressing caste, class and regional inequalities. Policy implementation must focus
on quality not just access. Thus, empowerment is a long term structural transformation process.
Some projects by government agencies to improve women Empowerment as a integrated project.

Scheme Focus Impact / Progress

Mission Shakti Safety, Support, Services 10.61 lakh women assisted
via One stop centres;
Women Helpline (181)

widely used
(static.pib.gov.in)
Beti Bachao Beti Padhao Education Gender Equality | Sex Ratio Birth improved

from 918 (2014-15) to 930
(2023-24), Girls enrollment
in Secondary School rose to

78%.

Nari Shakti Vandana | Political Empowerment 33% reservation in

Adhiniyam (Women's Parliament and State

Reservation Act) Assemblies “expected by
2029 (The Print)

Ujjwala Yojana Health and Dignity Free LPG connection, reduce
smoke related health risks
(Source The Week)

Mudra Yojana Financial Independence Loans for Women

entrepreneurs to boost self
employment (Source The
Week)

Sakhi Niwas and Palna Economic Empowerment Secure housing for working
women and daycare support
for mothers (static.pib-

gov.in)
Nari Adalat Justice and  Grievance | Local level dispute
redressal resolution at Gram
Panchayat.

CONCLUSION :
The future prospects for women empowerment in Rajasthan are Optimistic, driven by policy
innovation, educational expansion and economic inclusion. The transition from welfare based
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approaches 60 empowerment oriented frameworks marks a Significant Shift. In this study we had
tried to address deep rooted socio cultural, economic, underrepresentation barriers towards
women empowerment and ensuring table access to resources. A holistic and integrated approach
combining education, economic opportunities, digital inclusion and social reform is essential for
achieving sustainable and inclusive women empowerment in Rajasthan.
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A REVIEW ON LUNG CANCER DETECTION
® et USING CONVOLUTION NEURAL NETWORK

SMIT M. SONI
SHREE P. M. PATEL COLLEGE OF ELECTRONICS AND COMMUNICATION,
SARDAR PATEL UNIVERSITY, ANAND-388 001, GUJARAT- INDIA
ABSTRACT

Cancer is the most prominent cause of death in both, men and women. If the cancer can be detected

in its early stages, then it is helpful for curing the disease in time because it is easier to treat and
prevent the cancer tumor from expansion. Lung cancer can be classified in two different stages: 1.
Non-small cell lung cancer and 2. Small cell lung cancer. As per the review of the different research
papers, small cell lung cancer can be found in those patients who have never smoked, and non-
small cell lung cancer can be found in those patients who have smoked. As lung cancer has a poor
prognosis, it can be regularly analyzed at advanced stages. In this review paper, number of image
processing techniques are analyzed for detecting lung cancer in both the stages, benign (small cell
lung cancer) and malignant (non-small cell lung cancer).

Therefore, the use of advanced deep learning models can support more accurate and timely

detection of lung cancer in clinical practice.
KEYWORD- LUNG CANCER, IMAGE PROCESSING, BENIGN, MALIGNANT, DICOM.

INTRODUCTION

In U.S. total number of cases register for lung cancer is 225,000, among them 150,000 deaths are
result of it and overall cost was spending for Lung cancer is $12 billion in health. When the lung
cancer is detected in human life then, the average surviving years’ in U.S is approximately 5 years
after diagnosis. In all developing countries, the survival rate is even lower. Based on the stage of the
lung cancer, it is classified into stage 1 and stage 2, which are starting stage of the lung cancer and
in stage 3, organs of the lung are getting separated. There are number of method are available like
imaging and biopsies such as CT scan. If the lung cancer will have detected in earlier stage weather
in stage 1 or stage 2, then the possibilities of survival of lung cancer is maximum. But the major
problem is that the lung cancer detection in early stage is quite difficult. Overall ratio of detection
of lung cancer is 55% and 15% for men and women. When the lung cancer reaches to final stage
then the patients feel sick and suffers a lot. After detection of the cancer is done, then the number
of methods are used for the treatment of the lung cancer like, radio therapeutic and
chemotherapeutic [1]. Mostly the lung nodules are identified as rounded shape. The radius of the
lung cancer nodules is not more than 6cm and the diameter are smaller than 3cm. There are two
common causes of lung nodule 1) Granulomatous disease 2) lung cancer. The contrast between the
nodule and lung in the CT scan image is higher than that of chest radiography [1].

|
\ 2

Fig 1. Image of lung cancer nodule [1]
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LITERATURE REVIEW

In this section, number of research papers with their publication, description of each paper is
mentioned as well as at the table of survey methods of each paper with its advantages and
disadvantages is also given.

Wafaa Alakwaa, Mohammad Nassef, Amr Badr, Lung Cancer Detection and Classification
with 3D Convolutional Neural Network (3D-CNN) [1] In this paper unmark nodules are used for
classification of lung-nodules using computer-aided diagnosis (CAD) system for CT scan images, for
this research work author used the dataset from Kaggle Data Science Bowl 2017. For the
segmentation of lung nodules, the thresholding techniques was use for CT scan images.

Azian Azamimi Abdullah, Hasdiana Mohamaddiah, Development of Cellular Neural Network
Algorithm for Detecting Lung Cancer Symptoms [2] In this research work X-Ray images was
used for detection of lung cancer using CNN algorithm. In this work the author detected the
boundary and area of lung cancer from X-Ray images. Based on this research work, they proved
that the CNN is the most effective method for lung cancer diagnosis.

Prajwal Rao, Nishal Ancelette Pereira,and Raghuram Srinivasan, Development of
Convolutional Neural Networks for Lung Cancer Screening in Computed Tomography (CT)
Scans [3] In this paper researcher detected whether the lung cancer is malignant or benign by using
the Convolution Neural Network (CNN). The reason was specified by the author in this paper why
they select the CNN method for detection of lung cancer. CNN have some special properties like
spatial invariance and based on CNN they can extract the number of feature like mean, variance,
major axis, Minor axis and etc. In this work authors designed a new CNN for CT scan image for
detecting lung Cancer. The results of new CNN are batter compared to the traditional neural
networks.

Raunak Dey, Zhongjie Lu, Yi Hong Development of Diagnostic Classification of Lung Nodules
Using 3d Neural Networks

[4] in this paper authors considered the problem of diagnostic Classification between benign and
malignant lung nodules in CT images, which aims to learn a direct mapping from 3D images to class
labels. To achieve this goal, four two-pathway Convolutional Neural Networks (CNN) are proposed,
including a basic 3D CNN, a novel multi-output network, a 3D DenseNet, and an augmented 3D
DenseNet with multi-outputs. These four networks are evaluated on the public LIDC-IDRI dataset
and outperform most existing methods. In particular, the 3D multi-output DenseNet (MoDenseNet)
achieves the state-of-the-art Classification accuracy on the task of end-to-end lung nodule
diagnosis.

Taolin Jin, Hui Cui, Shan Zeng, Xiuying Wang, learning deep spatial lung features by 3D
convolutional neural network for early cancer detection [5] From the deep spatial lung feature
they explore the lung cancer in early stage by learning method. A 3D CNN architecture is creating
with segmented CT lung images for training and testing sample. In this new CNN architecture, the
hidden layer is also extracted base on the CT slices. The new CNN model are containing 11 layer
and they generate the 12,544 neurons and 16 million parameters classifying either it is malignant
or benign. Classification of lung cancer author use different method of activation base on the ReLU
nonlinearity and Sigmoid function. So that they can achieve the 87.5% accuracy.

Mehdi Fatan Serj, Bahram Lavi, Gabriela Hoff and Domenec Puig Valls had been developed A
Deep Convolutional Neural Network for Lung Cancer Diagnostic [6] In this paper authors
proposed a new deep learning architecture for learning high-level image representation to achieve
high Classification accuracy with low variance in medical image binary classification tasks. They
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aimed to learn discriminate compact features at beginning of deep convolutional neural network.
They evaluated our model on Kaggle Data Science Bowl 2017 (KDSB17) data set, and compared it
with other related works proposed in the Kaggle competition.

Abdelwadood M. Mesleh, Lung Cancer Detection Using Multi-Layer Neural Networks with
Independent Component Analysis [7] This paper presents a Computer-Aided Design (CAD)
system that detects lung cancer. Lung cancer detection uses Multi-Layer (ML), Neural Networks
(NNs) and Independent Component Analysis (ICA). ICA aims to speed the detection by decreasing
the number of features. It investigates the performance of the ML NN classifier trained by these
training algorithms with ICA feature extraction. Results reveal the robustness of the detection
algorithm for real CT images. Among the 11 training algorithms, Levenberg-Marquardt achieves a
classification accuracy of 100% with least number of ICA features.

Wafaa Alakwaa, Mohammad Nassef, Amr Badr, Lung Cancer Detection: A Deep Learning
Approach [8]

Pre-processing techniques is used to highlight lung regions vulnerable to cancer and extract
features using UNet and ResNet models. The feature set is fed into multiple classifiers viz., XGBoost
and Random Forest and the individual predictions are ensemble to predict the likelihood of a CT
scan being cancerous. The accuracy achieved is 84% on LIDCIRDI out-performing previous
attempts.

METHODOLOGY

There are two steps for diagnosis of lung cancer. The first step is the detection task and second step
is classification task. Abnormality of lung will be detected in the detection task. After detecting
abnormality of the lung, the radiologist can take the proper action for solution. Following figure
show the common steps for the lung cancer detection [7] .
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Fig 2. Methodology of Lung Cancer Detection [7]

IMAGE ACQUISITION

In image acquisition the number of CT images and slice of each image are given as an input in CAD
system for training and testing purpose. Malignant or benign both the images are use in image
acquisition. Based on the malignant and benign images of CT scan we can perform the feature
extraction easily. Due to privacy problem all the hospitals maintain the recored of medical images.

IMAGE PREPROCESSING
Main process of lung cancer detection is the image preprocessing because in this process all the
unwanted information is removed from the original images. In this preprocessing we can perform
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the following task like edge detection, Morphological operations, noise removal methods mainly
used for pre-processing of images.

NODULE SELECTION

After completion of preprocessing of lung image the next step is to find the lung nodules from the
lung images. For detecting the nodules from the lung images number of segmentation method like
region growing are used.

FEATURE EXTRACTION

The result of the nodule selection can be classified into two different categories either it is benign
nodules or it is malignant nodules. Both the nodules are responsible for the lung cancer. In feature
extraction process nodules are differentiate in two categories like

1) non-nodules (vessels, benign nodules, airways etc.) and

2) nodules (Actual cancerous regions)

DATASET DESCRIPTION

In most research work, Kaggle and LIDC dataset is used. LIDC dataset contain 1397 CT scan and
24850 slices. Multiple slices are used for each CT scan image and each scan with multiple variable
of 2D slices. In each data labels are used like (0 for no cancer and 1 for cancer). In Kaggle dataset
this kind of label are not provided. Normally the CT scan images are in the form of 512*512 pixels.
All 500 images are use for training and testing purpose.

The Kaggle lung cancer datasets are also widely used for experimental research because they
provide preprocessed CT scan images suitable for machine learning applications. Some Kaggle
datasets include patient-level labels indicating whether cancer is present, while others require
additional preprocessing to generate image-level labels. These datasets are useful for validating
algorithms under different conditions because they contain images from patients of different age
groups, genders, and smoking histories.

Before training the model, the dataset generally undergoes preprocessing steps such as image
normalization, noise reduction, segmentation of the lung region, and resizing of image dimensions.
These preprocessing operations improve image consistency and reduce irrelevant background
information. After preprocessing, the dataset is usually divided into training, validation, and testing
subsets so that the performance of the proposed model can be measured objectively. A larger and
well-annotated dataset improves the reliability of the system and increases the accuracy of early
lung cancer detection.

RESULT ANANLYSIS

The main reason for selecting image in dicom format because dicom image can contain number of
information like patient ID, slice thickness and mostly it is freely available in Kaggle site. From the
literature review of the number of papers, it is analyzed that the CNN outer performs the other
methods.

The study also indicates that proper preprocessing and feature extraction significantly enhance
classification results by improving the distinction between benign and malignant lung nodules.
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Overall, deep learning models demonstrate better reliability and efficiency for early lung cancer

detection.
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Fig 3. Out-put of Existing System
CONCLUSION
In this review paper, the different methods of lung cancer detection are discussed. This research
can give the basic overview for detection of lung cancer, and can help to identify best methods for
lung cancer detection. Because day by day the lung cancer detection techniques are improved, all
these techniques have some disadvantages. As per the literature review and different authors, CNN
is the best method for lung cancer detection.

Although the results are encouraging, several challenges still remain in this field. The accuracy of
detection systems depends heavily on dataset quality, proper image preprocessing, and the
availability of expert annotations. In addition, false positive predictions may create unnecessary
concern for patients and increase the burden on healthcare professionals. Therefore, future
research should focus on improving model precision, reducing computational complexity, and
integrating clinical information with imaging data for more accurate diagnosis.

In conclusion, the review indicates that deep learning-based approaches, particularly convolutional
neural networks, represent one of the most effective solutions for automated lung cancer detection.
Continued improvements in medical imaging technology and artificial intelligence are expected to
further enhance the reliability of these systems and support early diagnosis, which can ultimately
contribute to better treatment planning and improved patient outcomes.
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MACHINE LEARNING WITH LIMITED DATA:
CHALLENGES, TECHNIQUES, AND EMERGING
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ABSTRACT

Machine learning (ML) has established itself as a transformative paradigm within contemporary
computational sciences, facilitating data-driven decision-making across numerous domains,
including healthcare, finance, cybersecurity, and environmental science. Nevertheless, the efficacy
of ML systems remains fundamentally contingent upon the quality, volume, and heterogeneity of
data collectively denoted as "n data." This paper investigates the concept of ML under data-
constrained conditions, with particular emphasis on the challenges posed by limited, noisy, and
heterogeneous datasets. A critical examination of recent advancements (2022-2025) in data-
centric artificial intelligence, synthetic data generation, transfer learning, and foundation models
for tabular data is presented. The study further underscores the significance of data quality
dimensions, ethical considerations, and reproducibility standards within ML research.
Additionally, a conceptual framework integrating data preprocessing, model optimization, and
evaluation strategies for robust ML deployment is proposed. The findings indicate that future
innovations in ML will increasingly transition from model-centric to data-centric methodologies,

prioritizing data engineering, augmentation, and governance.
KEYWORDS: MACHINE LEARNING, DATA-CENTRIC Al, SMALL DATA, SYNTHETIC DATA, DATA QUALITY, DEEP
LEARNING, TABULAR DATA, ARTIFICIAL INTELLIGENCE

1. INTRODUCTION

Machine learning (ML), a fundamental subfield of artificial intelligence (Al), empowers
computational systems to autonomously identify patterns within data and generate predictions or
decisions without recourse to explicit, task-specific programming (4). This capacity for inductive
learning has positioned ML as a cornerstone of modern computational science, enabling data-
driven decision-making across a diverse array of domains, including clinical diagnostics, financial
forecasting, recommendation systems, and autonomous vehicle control (6). Over the preceding
decade, the field of machine learning has experienced exponential growth, driven by three
converging forces: (1) substantial advances in computational capacity, particularly the
proliferation of graphics processing units (GPUs) for parallel processing; (2) the increasing
availability of large-scale datasets often termed "big data"; and (3) continuous algorithmic
innovations, including the development of transformer architectures and foundation models (7).
Contemporary ML applications are now pervasive across virtually every sector of scientific and
commercial activity.

1.1 The Persistent Challenge of Data Dependence

Notwithstanding these remarkable advancements, a persistent and fundamental challenge
remains: the substantial reliance of conventional ML models upon extensive volumes of high-
fidelity data. State-of-the-art deep learning architectures are characteristically data-intensive,
necessitating large, meticulously labelled datasets to achieve optimal generalization performance
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(1). This dependency creates a significant bottleneck in numerous real-world applications where
data acquisition is expensive, time-consuming, or practically infeasible. Recent empirical
investigations have quantified this challenge. Research published in the Journal of Intelligent
Information Systems demonstrates that the transition from model-centric to data-centric Al
represents a paradigm shift wherein improving data quality and representational fidelity assumes
importance comparable to, and in many cases exceeding, the design of sophisticated algorithms (2).
The Data-Centric Al (DCAI) paradigm systematically emphasizes training data development,
inference data evaluation, and ongoing data maintenance as critical components of successful ML
deployment.

1.2 The "N Data" Problem

Numerous real-world scenarios present researchers and practitioners with only limited or
imperfect datasets collectively referred to in this paper as "n data” (8). Such datasets may be
characterized by one or more of the following attributes:

Small sample sizes (n << p): Where the number of observations is substantially smaller than the
number of features, a condition that violates conventional statistical assumptions

Incomplete data: Containing missing values across features or samples

Class imbalance: Where certain categories or outcomes are severely underrepresented

Label noise: Containing erroneous or inconsistent annotations

Temporal distribution shifts: Where the relationship between features and outcomes changes
over time

Research has demonstrated that the presence of these data quality issues can substantially degrade
ML performance, yielding unreliable predictions and potentially biased outcomes (3). A
comprehensive study by Google researchers identified the phenomenon of "data cascades”
compound events causing negative downstream effects due to data quality issues, leading to
technical debt accumulation over time (8). Crucially, 92% of surveyed Al practitioners reported
experiencing at least one data cascade in their projects (4).

1.3 Empirical Evidence on Data Quality Impact

The critical importance of data quality for ML performance is increasingly supported by rigorous
empirical evidence. A 2024 study published in the journal Neurocomputing examined the combined
challenges of label noise and imbalanced distributions, demonstrating that conventional sample
selection methods based on the "small-loss criterion" tend to favour majority classes under
imbalanced conditions, thereby exacerbating rather than mitigating performance degradation (9).
The authors proposed a divergence-based separation mechanism to address these intertwined
challenges. Similarly, research published inIEEE Transactions on Knowledge and Data
Engineering in 2024 investigated whether automated data cleaning procedures commonly
deployed in production ML systems impact the fairness of downstream predictions (5). Through
an extensive empirical study involving more than 26,000 model evaluations, the authors found that
while automated data cleaning is unlikely to worsen accuracy, it is "more likely to worsen fairness
than to improve it, especially when cleaning techniques are not carefully chosen” (9). This finding
has profound implications for the deployment of ML systems in high-stakes domains such as
healthcare, finance, and criminal justice. Furthermore, the phenomenon of temporal distribution
shift presents a nuanced challenge to the conventional assumption that "more data is better." A
recent study presented at the AAAI/ACM Conference on Al, Ethics, and Society (2025)
demonstrated that expanding training windows with historical data can paradoxically degrade
model performance in the presence of concept shifts changes in the relationship between features
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and outcomes over time (10). The authors caution that "conventional wisdom that 'more data is
better” may not hold when historical data is subject to distribution shifts” (6).

1.4 The Emerging Data-Centric Paradigm

In response to these challenges, recent scholarly discourse has emphasized a paradigm shift from
model-centric to data-centric Al. As articulated by researchers at the Karlsruhe Institute of
Technology and the University of Bayreuth, "data-centric artificial intelligence represents an
emerging paradigm that emphasizes the importance of enhancing data systematically and at scale
to build effective and efficient Al-based systems” (10). This novel paradigm complements rather
than replaces model-centric approaches by shifting focus toward systematic data improvement.
The Data-Centric Al framework encompasses three primary dimensions:

Training Data Development: Including data collection, labelling, preparation, reduction, and
augmentation

Inference Data Development: Generating evaluation sets that provide detailed insights into
model behaviour, including both in-distribution and out-of-distribution evaluation

Data Maintenance: Ensuring ongoing data quality through understanding, quality assurance, and
storage/retrieval mechanisms

A Note on Terminology: "N Data"

Throughout this paper, we employ the term "n data" to denote datasets characterized by limited
sample size, restricted feature diversity, incomplete entries, or noisy observations. This
terminology deliberately contrasts with the "big data" paradigm that has dominated much of recent
ML research, highlighting the distinct challenges and necessary methodological adaptations when
working with constrained datasets. The use of "n" (conventionally representing sample size in
statistical notation) serves as a reminder that data quantity is not merely a technical parameter but
a fundamental determinant of methodological appropriateness and model reliability (7).

This paper pursues the following objectives:

- To analyse the role of n data within ML systems

- To examine challenges associated with limited and low-quality data

- To review recent advancements (2022-2025) in data-centric ML approaches

- To propose a framework for effective ML implementation under data-constrained conditions

2. LITERATURE REVIEW

2.1 Data Quality and Machine Learning Performance

Contemporary investigations reveal that ML performance exhibits high sensitivity to data quality
attributes, including accuracy, completeness, and consistency. Empirical research demonstrates
that corrupted or incomplete datasets adversely affect classification and regression outcomes (9).
2.2 Data-Centric Al Paradigm

The data-centric Al paradigm prioritizes dataset improvement over exclusive model optimization.
This transition reflects growing recognition that superior data quality frequently yields greater
performance enhancements than increasingly complex algorithmic architectures.

2.3 Synthetic Data Generation

Synthetic data has emerged as a promising solution to data scarcity, enabling researchers to
generate artificial datasets while preserving the statistical properties of authentic data. This
approach addresses privacy concerns and enhances training efficiency.

2.4 Integration of ML in Qualitative Research
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Recent investigations explore the integration of ML techniques into qualitative data analysis,
facilitating accelerated coding and improved thematic extraction. Nevertheless, challenges persist
in ensuring interpretability and resolving ambiguity in automated coding procedures (10).

2.5 Advances in Tabular Data Models

The development of foundation models, including TabPFN, demonstrates substantial progress in
managing small tabular datasets. These models leverage transformer architectures to achieve high
accuracy with limited data.

2.6 ML in Predictive Analytics

Machine learning occupies a crucial role in predictive analytics by identifying patterns and trends
within datasets. Contemporary studies emphasize its application in security, marketing, and
decision-support systems.

3. CONCEPT OF "N DATA" IN MACHINE LEARNING

The term "n data" denotes datasets characterized by the following attributes:

- Limited sample size

- Restricted feature diversity

- Incomplete or missing values

- Noisy or inconsistent entries

In contrast to big data, which provides extensive training samples, n data presents distinct
challenges, including overfitting, inadequate generalization, and model instability.
3.1 Typology of N Data

1. Small Data: Limited number of observational samples

2. Noisy Data: Contains errors, outliers, or inconsistencies

3. Non-Representative Data: Biased or incomplete sampling

4. Non-Structured Data: Unorganized or heterogeneous data formats

4. CHALLENGES IN MACHINE LEARNING WITH N DATA

4.1 Overfitting

Under data-limited conditions, models tend to memorize training samples rather than learn
generalizable patterns, resulting in suboptimal performance on unseen data.

4.2 Data Quality Issues

Low-quality data significantly compromises model reliability. Errors, missing values, and
inconsistencies diminish predictive accuracy.

4.3 Imbalanced Datasets

Class imbalance engenders biased models that favour majority classes, adversely affecting
classification tasks.

4.4 Lack of Generalization

Limited datasets constrain the model's capacity to learn diverse patterns, thereby reducing
robustness.

4.5 Ethical and Bias Concerns

Incomplete datasets may introduce systematic bias, leading to unfair or discriminatory outcomes.

5. TECHNIQUES FOR HANDLING N DATA
5.1 Data Augmentation
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Data augmentation involves generating novel samples from existing data through transformations,
including rotation, scaling, and noise injection.

5.2 Transfer Learning

Transfer learning enables models to leverage knowledge acquired from pre-trained models,
thereby reducing data requirements.

5.3 Synthetic Data Generation

Generative models, such as generative adversarial networks (GANs), produce synthetic datasets
that approximate real-world data distributions.

5.4 Regularization Techniques

Regularization methods, including L1 and L2 regularization, mitigate overfitting by penalizing
model complexity.

5.5 Cross-Validation

K-fold cross-validation enhances model reliability by ensuring robust evaluation across data
subsets.

5.6 Ensemble Learning

Combining multiple models improves predictive accuracy and reduces variance.

6. PROPOSED FRAMEWORK FOR ML WITH N DATA
This paper proposes a Data-Centric ML Framework comprising six sequential stages:
Stage 1: Data Collection and Pre-processing

- Data cleaning

- Missing value imputation

- Normalization and scaling

Stage 2: Data Enhancement

- Data augmentation

- Synthetic data generation

- Feature engineering

Stage 3: Model Selection

- Lightweight models appropriate for small data

- Pre-trained models for transfer learning

Stage 4: Model Training

- Application of regularization techniques

- Hyperparameter optimization

Stage 5: Evaluation

- Cross-validation procedures

- Performance metrics (accuracy, precision, recall, F1-score)
Stage 6: Deployment and Monitoring**

- Model validation

- Continuous learning mechanisms

7. APPLICATIONS OF ML WITH N DATA

7.1 Healthcare

Machine learning models are employed for disease prediction, medical image analysis, and
personalized treatment planning. Data scarcity in rare disease contexts renders n data approaches
particularly critical.
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7.2 Cybersecurity

Machine learning algorithms detect anomalies and intrusions in cloud-based systems using limited
datasets.

7.3 Finance

Fraud detection and risk analysis depend upon small yet high-quality datasets.

7.4 Environmental Science

Machine learning models analyse climatic patterns using restricted historical data.

8. ETHICAL CONSIDERATIONS

8.1 Data Privacy

Synthetic data facilitates the protection of sensitive information while enabling effective model
training.

8.2 Bias and Fairness

Ensuring unbiased datasets is essential for the ethical deployment of Al systems.

8.3 Transparency and Explain ability

Explainable AI (XAl) techniques enhance trust and accountability in ML systems.

9. Future Research Directions

9.1 Data-Centric Al

Future ML research is anticipated to prioritize data quality over model complexity.

9.2 Foundation Models

Pre-trained models tailored for tabular and small datasets are expected to gain prominence.

9.3 Automated Data Engineering

Artificial intelligence-driven data pre-processing and augmentation will enhance efficiency.

9.4 Interdisciplinary Research

Integration of ML with disciplines such as biology, economics, and the social sciences will expand
application domains.

10. CONCLUSION

Machine learning under n data conditions presents substantial challenges while simultaneously
offering opportunities for innovation. By prioritizing data quality, leveraging synthetic data, and
adopting advanced techniques such as transfer learning and foundation models, researchers can
surmount limitations associated with small datasets. The transition toward data-centric Al signifies
a new epoch in ML research, underscoring the importance of data engineering alongside
algorithmic development. This paper provides a comprehensive synthesis of challenges,
techniques, and future directions, thereby contributing to the advancement of ML research in data-
constrained environments.
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ABSTRACT:

Marital satisfaction plays a crucial role in determining overall well-being, particularly among
parents of differently abled children who experience unique emotional, social, and economic
challenges. The present study aimed to examine marital satisfaction among parents of differently
abled children with reference to gender, types of area (urban/rural), and children’s age. A sample
of 320 parents was selected through stratified random sampling from four special schools located
in Anand and Nadiad districts of Gujarat. The sample was equally distributed across gender, area,
and children’s age groups (5-10 years and 11-15 years). Marital satisfaction was assessed using
the Marital Satisfaction dimension of the Life Satisfaction Scale developed by Alam and Srivastava
(1996). The scale demonstrated high internal consistency (r = 0.90) and satisfactory test-retest
reliability (r = 0.84). Data were analyzed using a three-way ANOVA to examine the main and
interaction effects of gender, area, and children’s age on marital satisfaction. The results revealed a
significant main effect of gender (F=139.05, p <.01), indicating that fathers reported higher marital
satisfaction than mothers. A significant main effect of types of area was also found (F = 69.57, p <
.01), with urban parents reporting higher marital satisfaction compared to rural parents. However,
no significant difference was observed with respect to children’s age (F = .40, ns). Furthermore, no
significant interaction effects were found among gender, area, and children’s age. The findings
suggest that gender and residential area are significant determinants of marital satisfaction among
parents of differently abled children, whereas the age of the child does not significantly influence
marital satisfaction. The study highlights the need for gender-sensitive and area-specific marital
and family support interventions to enhance the well-being of parents raising children with
disabilities.

KEYWORDS: MARITAL SATISFACTION, DIFFERENTLY ABLED CHILDREN, PARENTS, GENDER DIFFERENCES,
URBAN-RURAL DIFFERENCES, ANOVA, FAMILY WELL-BEING

INTRODUCTION:

Life satisfaction is a central component of subjective well-being and refers to an individual’s overall
cognitive evaluation of the quality of life according to personal standards and expectations (Diener,
Emmons, Larsen, & Griffin, 1985). It reflects how individuals perceive their achievements,
relationships, and circumstances across various domains of life. Among different relational and
contextual determinants, marital satisfaction has been consistently identified as a significant
predictor of overall life satisfaction (Glenn & Weaver, 1981; Proulx, Helms, & Buehler, 2007).
Parenting a child with disabilities presents unique emotional, social, and financial challenges that
may influence both marital relationships and overall well-being. The World Health Organization

(2001) defines disability as impairments, activity limitations, and participation restrictions that
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interact with environmental and personal factors. Parents of differently abled children often
experience increased caregiving burden, chronic stress, social isolation, and economic strain
(Gupta & Singhal, 2004). These stressors may adversely affect marital quality and life satisfaction
if adequate coping resources are not available.

Marital satisfaction refers to an individual’s subjective evaluation of the quality, stability, and
functioning of the marital relationship, including emotional intimacy, communication, trust, and
conflict resolution (Spanier, 1976). A supportive and cohesive marital relationship can function as
a protective factor, promoting resilience and psychological adjustment in the face of parenting
stress. Conversely, marital discord may amplify stress and negatively impact mental health and
overall life satisfaction (Bradbury, Fincham, & Beach, 2000).

Research indicates that parents of children with disabilities often report higher levels of
psychological distress compared to parents of typically developing children; however, outcomes
vary depending on relational and social support factors (Hastings & Brown, 2002). Studies have
further demonstrated a strong positive association between marital satisfaction and life
satisfaction, suggesting that the quality of the marital relationship significantly contributes to
global well-being (Proulx et al., 2007).

From a theoretical perspective, family systems theory emphasizes that changes or stressors
affecting one family member influence the entire family system. In this context, the presence of a
differently abled child may alter marital dynamics, which in turn affects overall life satisfaction.
Therefore, examining marital satisfaction as a determinant of life satisfaction among parents of
differently abled children is essential for understanding relational mechanisms that contribute to
psychological well-being. Such insights may guide the development of marital counseling
interventions, family-based support programs, and psychosocial services aimed at enhancing
parental well-being.

Marriage is widely recognized as a fundamental social institution that provides emotional
companionship, social support, economic cooperation, and psychological security. Marital
satisfaction refers to the subjective assessment of the quality, stability, and functioning of the
marital relationship, including aspects such as emotional intimacy, communication patterns, trust,
role distribution, and conflict resolution (Spanier, 1976). Research indicates that higher marital
satisfaction is positively associated with psychological well-being, physical health, and global life
satisfaction (Bradbury, Fincham, & Beach, 2000; Glenn & Weaver, 1981). Conversely, marital
conflict and dissatisfaction are linked to stress, depression, and reduced life satisfaction.

OBJECTIVE:

1. To study the marital satisfaction among differently abled children’s parents

2. To study the marital satisfaction among male and female differently abled children’s parents

3. To study the marital | satisfaction among urban and rural area’s differently abled children’s
parents

4. To study the marital satisfaction among low and high age’s differently abled children’s parents

HYPOTHESIS:
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H11. There will be significant difference between marital satisfaction of male and female of
differently abled children’s parents.

H12. There will be significant difference between marital satisfaction of urban and rural aeras
differently abled children’s parents.

Ho3. There will be no significant difference between marital satisfaction of low and high age
differently abled children’s parents.

Ho4. There will be no significant interaction effect between marital satisfaction of gender and types
of aeras of differently abled children’s parents.

Ho5. There will be no significant interaction effect between marital satisfaction of gender and ages
of differently abled children’s parents.

Ho6. There will be no significant interaction effect between marital satisfaction of age and types of
aeras of differently abled children’s parents.

Ho7. There will be no significant interaction effect between marital satisfaction of gender, age and
types of aera of differently abled children’s parents.

VARIABLES:
1. Categorial Variable:
1. Gender: Male/Female
2. Aera: Urban/Rural
3. Children’s age: Low (5 to 10 year) / High (11 to 15 Years)
2. Criterion Variable:
1. Personal Satisfaction
Samples:
As a sample of this study, parents of children with disabilities were chosen from the Anand &
Nadiad district from Gujrat state. Parents of children with special needs was chosen by stratified
random sampling from 4 schools in the districts. 320 parents were chosen by the researcher who
had children with disabilities. Research divided it into gender, area & children’s age. Details of the
sample are provided in table No. 1 below.
Table: 3.1 N=320
Various level wise Distribution of the sample

Variables!{— Male Female Total
Children Age: Urban Rural Urban Rural
Low: (5-10) 40 40 40 40 160
High: (11-15) 40 40 40 40 160
Total 80 80 80 80 320

TOOLS:

For the present study, the Personal Satisfaction subscale of the Life Satisfaction Scale developed by
Q. G. Alam and Srivastava (1996) was used. Although the original scale consists of 60 items covering
six areas—health, personal, economic, marital, social, and job satisfaction—only the marital
satisfaction dimension was selected as it was most relevant to the objectives of the study. The
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reliability coefficient was found to be 0.90, indicating high internal consistency. Additionally, test-
retest reliability, calculated after an interval of six weeks, yielded a coefficient of 0.84,
demonstrating satisfactory stability of the measure over time.

Statistical Tools

'F’ test (Anova)

4.2.8. Marital satisfaction: Mean, SD reference to gender, types of area & children’s age

The birth and upbringing of a special child is not only a responsibility for the patent but also for the
entire family. Many challenges come in a person's life, in which the present study has been done on
marital satisfaction as a part of life satisfaction. For the upbringing of a special child, it is necessary
for both the couple to cooperate, share and accept responsibilities, only then can marital
satisfaction develop in the best form. But in this time, due to many conflicts, the level of stress
increases, which somewhere or the other harms their marital satisfaction. The main purpose of the
research here is to see how much influence is seen on marital satisfaction due to changes in gender,
area and age of the child. Naturally, the level of satisfaction may not be completely the same, but
extreme changes can have a negative impact somewhere, so the results obtained will clarify what
factors are significant in the marital satisfaction of parents, based on which steps need to be taken
in the future.

Table No. 1 Marital satisfaction: Mean, SD reference to gender, types of area & children’s age

Gender
Male Female
Types of Area
& Urban Rural Urban Rural
; Low (5-10 | 11€20 7.73 7.08 6.45 5.55
= SD .75 .94 1.13 .99
o Years)
= N 40 40 40 40
= Mean 7.73 6.70 6.58 5.52
S High — (1115 r¢, 72 1.20 98 96
Years)
N 40 40 40 40
Table No 2. ANOVA Result of Marital satisfaction: with reference to gender, children’s age &
types of Family
Source of Variance Sum of Df Mean Sum of F
Squares Square
Gender 131.33 1 131.33 139.05**
Types of area 65.70 1 65.70 69.57**
Children age .38 1 .38 40 NS
Gender * Types of area .38 1 .38 40 NS
Gender * Children age 1.13 1 1.13 1.20N8
Types of area * Children’s age 1.38 1 1.38 1.46Ns
Gender * Types of area * Children 9t 1 9t 27 NS
age
Error 294.68 312 .94
Corrected Total 495.222 319
0.01** NS= Not Significant, 0.01=6.64
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Table No. 3 Mean score and difference between mean score Marital satisfaction: with
several variables

Independent Variables n l::::; SDZ(f)f::ence between Mean
Mal 160 7.31

Gender Feineale 160 6.02 L2
Urb 160 7.12

Types of aera Rzr:;l 160 c91 0.91

Children’s age ;(:;‘;) igg 2;2 0.04

Hi 1. There will be significant difference between Marital Satisfaction of Male and female of
differently abled children’s parents.

Gender with reference to marital satisfaction have 139.05 ‘F’ ratio, which is statistically significant.
The results show significant difference and the hypothesis got accepted. Behind this result many
factors are affection like social responsibility, economic independence, work life balance etc. in
social context, the responsibilities of special child to care is always on mother more compare to
father. Some conflict may raise after having special child in marital life. Most of time times gone on
caring of child. Many studies are showing that mother have more stress and low martial adjustment
as compare to father because day to day having more challenges of responsibilities. Due to social
expectation mother cannot express their feeling truly sometimes.

Graph No. 1 Effect of Gender on Marital satisfaction among differently abled children’s parents

The

Mean score of Marital Satisfaction with refrence to Gender
7.31

------------------------------------------- 6'02

Marital Satisfaction
SO = NN W A WU NI @

Male Female
M Series] 7.31 6.02
Gender

above graph is about mean score of male and female. Male is having 7.31 mean score and female
score is having 6.02 mean score. The female having low marital satisfaction as compare to male.
The result suggesting that social context of only female responsibilities to caring should be change.
Both partners should understand each other and help each other to care their special child. Both
partners have comfortable zone to expression feeling with each other.

H: 2. There will be significant difference between Marital Satisfaction of Urban and rural
aeras differently abled children’s parents.
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Types of area with reference to marital satisfaction having 69.57 ‘F’ ratio, which is higher and
showing significant difference. The alternative hypothesis got accepted. Financial viability can raise
many problems in marital adjust. Special child needs more economic cost on caring.
Communication skills are important because some parents are not able to express their feelings
about needs of their child. This are affecting because to types of area. Some disabilities may take
long time and adjustment and responsibilities of long term can create issues in marital life. In urban
area there are many ways of special child care compare to rural area. Couples with having strong
social support can reduce the conflict of marital satisfaction.

Graph no. 2 Effect of Types of area on Marital satisfaction among differently abled children’s
parents

Mean score of Marital Satisfaction with refrence to types of Area

8 7.12
7 ------------------------------------------- 6.21
E 6
3]
"g 5
34
£3
3
=)
1
0
- Rural
. 7.12 6.21

Types of area

Above chart is about the mean score of parents with reference to types of area. The mean score of
urban area is 7.12 whereas rural area is having 6.21. The difference between both is 0.91. The result
showing that in rural area parents needs more marital satisfaction compare to urban area. Marital
satisfaction of differently abled children’s parents depends on various factors like economic
stability, parenting style, health satisfaction. These things should improve through awareness and
support from society and families for different area parents.

Ho3. There will be no significant difference between Marital Satisfaction of Low and high age
differently abled children’s parents.

Special child challenge and limitation are directly affects on the marital satisfaction of parents. after
collect the responses of low and high age children ‘F’ value is .40 which is not showing significant
different between both. Null hypothesis 52 got accepted. Gaining age can bring challenges but do
not have different on marital satisfaction level. Mean score almost has same that show not
significant difference.

Ho4. There will be no significant interaction effect between Marital Satisfaction of gender
and types of aeras of differently abled children’s parents.
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‘F’ value of interaction effect of gender and types of area on marital satisfaction is .40 which is very
low and showing not significant interaction effect. Null hypothesis 53 got accepted. Gender and are
both have different living style and culture which on marital satisfaction differently but to see both
have interaction effect, it too low which suggest that gender and types of area changes can’t affect
the score of marital satisfaction.

Ho5. There will be no significant interaction effect between Marital Satisfaction of gender
and ages of differently abled children’s parents.

‘F’ value 1.20 saw in ANOVA table about interaction effect of gender and children age of marital
adjustment which is low and not significant result. Null hypothesis 54 got accepted. Area has
significant impact where urban area and rural area have different view point on marital life & also
for a male and female have different view point of marital life. But when gender and age come
together, they do not interact significantly on marital satisfaction. That mean gender and age
changes doesn’t significantly interact to change the score of marital satisfaction.

Ho6. There will be no significant interaction effect between Marital Satisfaction of age and
types of aeras of differently abled children’s parents.

age and types of area both are most important things which can directly related to marital
satisfaction level. ‘F’ value about both interaction effect is 1.46 which is not significant & null
hypothesis 55 got accepted. Urban are rural area have different life style where urban area people
live with technology more and rural area people connect with nature more and second side
different age also put significant difference but both are age and area are working together. Like
male having low age child and having high child age both of have same marital adjustment level.
Which showing that marital adjustment doesn’t get influenced by combine of age and types of area.
Ho7. There will be no significant interaction effect between Marital Satisfaction of gender,
age and types of aera of differently abled children’s parents.

gender, age and type of area is curious part to put impact on marital satisfaction. For to check the
interaction effect, ‘F’ value .27 clearly showing that no any significant interaction effect on marital
satisfaction. null hypothesis 56 got accepted. Of course, gender, age and types of area is important
for impact but when it comes to interact it is not working in combination significantly. That mean
changes in any variable can’t differently affect to marital adjust which result is clearly suggesting.

CONCLUSION:
1. There is significant difference between marital satisfaction of male and female of differently

abled children’s parents male’s marital satisfaction is high compare to females.

2. There is significant difference between marital satisfaction of urban and rural aeras differently
abled children’s parents. Urban areas parents marital satisfaction is high compare to rural area’s
parents.

3. There is no significant difference between marital satisfaction of low and high age differently
abled children’s parents.

4. There is no significant interaction effect between marital satisfaction of gender and types of aeras
of differently abled children’s parents.

5. There is no significant interaction effect between marital satisfaction of gender and ages of
differently abled children’s parents.
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6. There is no significant interaction effect between marital satisfaction of age and types of
aeras of differently abled children’s parents.
7. There is no significant interaction effect between marital satisfaction of gender, age and

types of aera of differently abled children’s parents.
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AT Y TN TR T Uga= # Tl A § IR 3 ol deh Jard Ugard & Sl FEIURT
¥ T T NGOs §arST & faffiea quif e Sisat aeal & AfR¥aRT & ufd Soreedar gera § 3R
Ao uRkade & G & F R | 30 UPR, FADT HfHDT hdd HaT UeTd diel dob Ad
a5 &, afcr ag g = 3R gAEar B TUa Ha & T ATTH Y
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ool FTRPRYT P o

ITeT TSR & HTUROT 0 A W 3R § 6 TcAdh a=d B Ueh FFAAorAD AR FIaTd
Sitae S & HUBR &1 FAWEY TR W GIh T d1el ATUBR HTAFAT (UNCRC) 4 g
& BRI A IR yHE AT F fawfaa e & Sast Shea, e, wearor 3 weafiar &
IR afde & oRa # Y dfaura 3R R FeEr & AETd7 § 5 AABRT HF AeTdr
ar s B

aTer HTAGRT BT 327 el qedt B GI&T UG AT AT &, afod e T VAT ATATROT AT ¥
Sraat 9 3 MR, AERE 3R aEfoe e & U &7 & g & a6 glaol Jeedre
A Ig ITUROT fAAW FU F FAgcaqul & AT &, FIifh JgT aal Pl B8 YHR I FATTod AR
e gATAIT T FHAT HAT USAT &1 NGOs 3H IHTURUN P SYdeR A WA A P B
A &1 9 goal & HAPRT Bl el Bl TR § dA8 @, dfcd ATATTAG HR ATNT BRI
T o 30T TETUT I &l 5H UBR, a7l ATABRI I FTURUN Th AT TEDIUT el dal §,
St aeat & Taviior e & wafdear & adr &

il e & Tt 3fReRT fir R

cigoft Tereaa & dinfors 3R apnfoe oRFEAfAAT g 3fRER fr Rafa @ T @ venfaa
HAT B 39 &1 H I &I A AT FH fAard A §, STel A&7 & TR 308Tpd HA
£ 3R e dEaat & el urg S ¥ s9d aRUTeRa®y gTal dr aER 9 HH H 9T
ST & 3R 3t AT arfad At &1 gad HfARE, ara Rare S gard el off o e A
e &, St gl faQduet arforeiait & shae @ 713k &7 & ganfad T §

ALY 3R GIvoT &1 TR § 1 I§ 1T AldguT &1 UIor IR Fareeg Jansi b wefl & BHROT
gai & RIS e genfaa aar &1 sas a1y &, aenfee ®eal 3R dfe dgama o arer
TAFRT & TIETUT H IqUT ScUed I ol 30 FATT F NGOs Hir HfHd 3cdd Agcdqor & JArar
&, P T 37 FAEAHT A U I 3Ad FAYE & AU S Hid &1 I T AT S
Y fHAR gl df TR & GUR e & U d § 3R 3e¢ 3 H™UART & ufa Sareen
g ¥l

eiayoly Tere F IR-TRAR HIrea drel HABRT & T&T0T &b fov ggamared sifder @Aama €
q Horae TAT, FarEey, GuoT, FET 3R g o8 [Aaffed &=t Sy oed & em & a7 |
A T OIS b Tedl B Y: AT @ Shgal &1 JArE dd & AR 3e¢ Joraarqe’ A& ugre
A & U defous caaeaw Oafa wa €1 Ty 3R Quer & &7 & J FIed SR
PRI TTd & 3R g<al & 3TaeTd AU 3UAY 0 &l 5GP FaR®, NGOs arel s/ 3R
I faarg SiElt puAT3Ht &b favg A Tellad § AR FATS B 398 @l drel gousmal & ar #
SITees I §1 A oA aeedl & Gedid 3 #@wefor & fow 3, Rem ik wraAe dare o
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Ul R &1 NGOs & U Agcdqul H TATS H SAPERT e &, oo siffsmas ik
AT aedl & AHAPRT H FAS Fh| Y &, Gorda Afa A0 F off Fedor s § 3R
AR B ST TR A TALAIN T T IS &1 3T bR, NGOs arel 31APRT & FI&ToT &

Th Agcdyul 3R gHTEr i e €

NGOs & HIIf &1 U3t

giaoft Ioeaa & N-TWERT T1saT & JIrET T gHa [Affed TRt ) @1 31 adhdar & a9
Ueel, [AGT & &1 A Sead@dT GUR WA A fHe &, STl P aod S Ugal THel el oid 9,
39 e @ s W@ ¥ 30 AR, arer faarg 3R arer s S puansit # o walt S ¥, S
NGOs gRT TeT T SRR JfRIAAT b1 aRomeT &1

ey 3R Gwor & a1 A 9N gUR g3 ¥, Stel aedl A deck Ty fad AR diwor daed
ST urd & & ¥ NGOs & gzat & gaaara 3R Tefor & off Fgcayyt dwe= feam &, e
s gedl B GUard AR FFAASIAd ad Sfia &1 e fHem &1 38 @y &, gAST H ared
Tl a1 gdrg 38 it AfAT § 3R 38 AR 3w caud g Hr maegwar &1 e o, Iw
HEl S FhaT & 6 NGOs & drel FAGRI & TIETUT FA FAgcaqul FhRIcHAD TR ot A
AHeldl Ui &I &

NGOs & HeT Ielfaat
el Toreu e # PRRA IN-THRT FISAT P 3 FAlTAAT DT HHAT HLAT USAT &, S 3elh

BT B JHTEIMAA BT THTTIT AT & Fad U@ YAl o qamat hr war g, aifn
HIABIRI NGOs &l 3R el W AR g 1 38 31w, urafas gfkansi & sfeearn
IR WA e FT 3T Y 376 FrRIT F U ScUeA BT &l

HHATSG TR W H F v Allg &1 IRURS AIAT 3R Ffearfear darer # aRada @t
AT Y St &, F9e8 NGOs & gamat &1 3fid A ¢l e urdr &1 39 3ramar, $© AHA
#H NGOs fr uRefar 3R Faeed W off U 3od &, S 3ad agaaar & ysfad aa &
5 @9 Al & arasye, NGOs Rt TRIre &t §U arel HfIsRT & &ToT 3 Avee &
T 5 AT # gIETUT R A gad gHmaiear & qUl ®U & dEEr 0T A4 &

fawry wa gama

iaroly TorE # arer ARABRT & e F IR-TART FarsAT HI AP 3T Fecager AR
UG &1 A TS  had gl & fAPRT A IET A &, dfed JATST FH FARERDRAT 3R
TPRIcHS IRadT off o &1 el ST HIRISTHATT B dgld & fow 3ads & 5 =6 uaid
TS, THNT FeA9T 3R AT TFAHIA o 8|
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2iedl (References)

UNESCO

ICT in Education -l 2igaidl »id HvlelList
dotlS2: https://www.unesco.org

NCERT

(Rl ICT L GuaiaL 213 WigaYdsl 21 HIdLE(As1
dotade: https://ncert.nic.in

Ministry of Education India

[Rf6v2a (QsteL 244 ICT <illaxil

dnusz: https://www.education.gov.in

Khan Academy
2lAAIS (8L HI2 Hsd Al
dsse: https://www.khanacademy.org

Google Classroom
Rleyza scnuzn Hi2 Guakil 2a

deuse2: https://classroom.google.com
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AIRAHL NBFC <l CSRHL 5191 @ s

EERITTIERNIOTEN

[Boyaolq. . qal
R 2slar, RuicHe2 2lis sl glotifde 93 3fAaRidl susrL 2uerid
SLoRAL 1 Hilgd
Ruieez 25 5143l gl dl2A.6{ld U513 [Aad 20 Aoy, siasy, 41l

ARIA
VAL ACAIAHL AA-6159 ARugA Sucilotl 2zl CSR Ut dHel 5100l 24 2Hers 101 [A2Al 2041

52AHE DAL 89, SU<dl 152 2013 221 CSR 52060214 61 ¢ A1Rodle NBFC(<lst-61(59 s1ife1a,
Sulotl) wAlaze, 22001, AHESIU dHsy (28 A3 Heeaudl ARleld 2l 28l 89 did-oi(5a dlousla
SuAlotldl vl 2] LAl 9l UBL Adl 2 2120128 UISH52 £AIRL AHISY UL IRUAHS HAR 57| 2611 89 ddHL-
WURUUAL Y04, Sd, HIRAHL UE 524 NBFC £al2l 52a1Hi 2Uadl CSR udlriviid [Azaun 5341l £9.21

AR, IALBL 821 YR 2UALRA 89, orHl RBI [Rul2, Yzdsl,CSR [2uie, susildl aulls vieaidl, 4251l ustadl
Al [2adlA 32l UM S2AHL 2L 9.2 AL [dArsd €l 2Pl HOL &9 5 uie 526l NBFC syui
ASY 51Ul SUsilotldl 51910 CSR WAHI 14 NBFC $usiloil 5241 4812 €9 dusy il 1o s NBFC

SUAloAl Uldldl 45l 4oyot CSR MAHL Uldldl 51001 A1l 2611 89 5lad [As1d BAui otonsy 511, ([Aai
HAHE WGl 515Ale, DU AAHI ALAMSAH SO Ay ALl [Asiunl dlam, Hlgegl 2id dldise
51Selled AU 51011 BALUL 281 €9, 012104 hel UEILA, A9 UR CSR UA[ri2lAL UMIA VI 531 4Y, 7191 HOL
89, <Ale-0i(501 ALBUSAL Sudluiid YauRlcdl 32 @9 dld-oif5o1 Apuglt sudlaizt 2uelep-, 246ls i
Hisl Ui [2AHL QAL s2aldl 6732 &9
§lag:CSR, NBFC, 1R ,<ltRusla u1da, Hilsys [Asta, siuiRe Hileys syaumeizl
uRan

NBFC (lic-61[59 uousla suclzil ) 65t syl of 5141 52 69 @l 2 €9 24 ALS1A A1l 42l
ULS €9 £9dl UBL (59 AU AR 513 52 9.CSR 2124 5 5UAl2Al Uldlell Asledl 245 @1 AHIsrL (A1
Hi2 W3 52 9 corporate social responsibility (CSR) ®12dHi NBFC su<{lail uldidl gl (g1l
2145 QUL CSR Hi 2] 28 69 AdHIA AHAAOUHE CSR o1 6% HiseAYRL oi<dl 912 £9 51280 5 CSR su-il
Vel AHISY 422, Add oi-1d] A0 9 dHsy Sustainable Development HiZ Wil HeAyel £ CSR dioll-

ALOUAL AUIR HI2 51215125 ilAd 210 89 CSR <l [AlAH Ua[dotl &9 syHi waAlazeL 280, A [As14, 292691

[, (e, alofl (AaRi, 2UR102 vid @il Aalsdse IR,
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AUAHL CSR su-l 2B (414 2093 Gs0 AHAUHL DU 9. 67 SuUdld 2421192 3 1000 5318 2A4l 44l
Ay S, 6 Ul A2 ULlE2 35 5208 wal dgl 48, G 2 U<l 4299 3 noo 5218 viadl ddl 4 Sl dl
2 5UAI2UB UldldlL U212 451l 2% sx26l (3241 CSR Hi 2udl g=eni1d 9. (ICRA ESG Rating
press Release 24 February 2025 ) #syol oldl HoY 9 5 ld-6i[5o1 lousla sudlaiiml o ziadl

NBFC £ duil WA su<l 3 uo 5318 CSR ™2 Hi Uldledl 5101 241l 2@l 9.

ALlsAl uxlau
1.gllazda.yon (4o, ieldl 244 ol sxdild (2013) curdld su-luting sinize AiHilers syaistzidl 244
WAz 251GUR, BiL DAALAAL YUA Gd ARd<A] 510R2 AHors syAioieiZlzil i wilaze(ld Alsadl <

2UAAALAL €9 2Aed Al d@lell 52Ul 89, ARUUAL AHAIHL ULAA[AAL GUALRL S2AUHE 2UAL AL dHSY Z

222 ANOVA 222 43R, 2L A4 M0IAL HOY $d 5 SUAHE CSR <l stoil<l vioy 14l 216l 261 &

2.5H12 £lus sl Yra (2017) @RdHl Aid-oll5aL dwusla suddlsiid dwnsla uedd »is »18M0A
AUPAU, DAL 2EUR] MBLAL HOY 89 5 Ald-61[501 Alpusla suclotl A0 ot of HeAUBl MM *ord

£9 NBFC 2idl [A2d1zHi 51324, €9 o1 o5l Uldlel usia 421941 <l
3.90M12 B 2g, UHIRZ HH. i (2021) Asr2UdHl CSR uglriiHL 51l Azl 2elbls Aoeld U2

25 WAy [Qapdl dlssy Aecini (e dsmi osrld«dl 21l 5 viiqdil &l sudlsidl CSR ualu-l

TR

PUEAIA 5291l Gell, il @A 2L MO 5 5112 20z AalBls CSR ualtzil vt sieflzdid] aaidl
2l 9.

4 ] AHZAL, Al U2, HAL U2, He 5. 21 (2023) SR A2 AR Aasla sudloidl stz dmiless
SFAUALIZL, HIUA, AL AARAAAL YV S HIRAHI 6151 24 NBFC syl Auanisla suliiel siuizz amilors

oraloteld] Al Hide 52l 9. o5l i NBFC lously su-lsticdl CSR Uesldd, HIUA 5241 HI2
AL [A2aupL GuAiol 521 UL 69,241 A1 2BAL HoY 89 5 vl &<l olsl v Mz &) olst

-

~

21l NBFC $u<ileil ddimi 2Hilors ualdni ulsaunl eilo dlal 6.
5.¢LoyolEly (e, sladorided, shyoiniad, M A4l (2021) <ld-oi5a dwusla dzaisl ue siuie

AUHLSY5 oraAloteldldl 2516 UHIA. 21 AU HUA S, AIRAHL [B1-61[590 Alpngla suclal stulz umilsrs
SrAOElLl AL 2518 URLA LB ZIUIZL 4R Bt A1 wREIML U dHdl 242424 HRlis 521l

&9 le-6i[501 AlRusla dHi CSR ualril viot Hi2l 510 2] 2611 9.

RAIAAL Sl :

1. 4t 526l NBFC galRl s2a1Mi wlladl CSR ualtviie [A2aQupieds s1ea1 s24l.

2. e 52l NBFC 24121 CSR A viel dHedl AHISY U2 Usdl UMIAAL A, 5341,

3. CSR ug[ri2iledl ugsizl tel dsl 2UAAAL AHSY dHeA YHIRALAL HIAL el HIAHL YAQAL,

NBFC <l CSRui 510l :
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-

GUAHL AdHled AHAAUIUHL 2518 AdARils Ul stuiRz Allgaa dxiie{leil(@Z] (CSR) 2 v, Wi

=

olefl 21 9. Alds WA e AHUsYs [A51U Uiedlsd AL HI2 L o5 vils D4l CSR <l Heedd

2N, 9. NBFC A 224 ols s Dleeal wAlarpld 251U u4eid (s 14 Hilors seni sydl CSR
YL Ul54 uBl o1l HIZ UleLled 521 2@ €9,

Ae-04(501 ARSI Sudl2Al 1401 21e01 Azl CSR ualuil 52 9,

1.[e

Al-olf5ar sl sudlatl [Afaa ainl Ses122592 [Asiud Uledisd 2l 2@l 9.NBFC su<l2il
2514(2U 5L 212l [QEeL AHD Heeadl @l eordl el 9. (aam & dlsrza alda wam sl
(Qenieiltia, (218 suai 209 89 dui ue NBFC Heeddl 5191 il 2611 6.

2. 20

QUAAL AHLBL [A2A1RH] Had 22104 AUBL YL Uil 2udl 26] 9 syl Had Hl2sa 5% Alsyaiml vid
£9.COVID-19 Al AHA20U 2241, llet-61[500 Apugla susilatl Heezu ol gl

3. (s

Ae-o150 Atousla su-lzil wie (s 12 Asrou Ay, ULl 214 2926941 Uisys2 21 Hlgal dalsdse
6¥Al HEIDIHL Heed bl 5101 21U, €9

4. 9ALAR0L AR80

RURA 2UHL UALAZRL UEBRL DL AAHLA AHADOUHE HSAYBL HEL 2611 9.NBFC 21l 23121 q&IzIURHL dHsy

510, Geusyel 8218lell WALRIHE 51001 U 69

weAUAl 3R :
1.l-01[59 Apngld susilotl 4L CSR 510U (421 61 UEIL HARAIAL S2AML AL £ HIZ 1L 24U 6032

-

9.
2.AlA-6i[501 Aransla suelaiel arler (sl deiul Heeaudl afus unsral-dl o3z 9.
30159 clpusla sudlotl s2al (62l CSRHUI M2 52 €9 dHel URUA, HEAlsd 5291l £9.
URARAAL oY URAL

1.9, NBFC 21l CSR H12 w0l (421240 a4, 5154, 5269 ?

2.CSR Ud[tHi NBFC 5l Uidlel «slel 526l 251 W2 52 69 ?

3.2184L NBF C 645 01216y 51, o1y IG(RDL 5161, HEegl 516led A9 CSR WAHI 9 d5lad
&9 ?

2gla ugald ;

2L AEAUA HI2 ABALHS 2 [A2AULAHS A2AA RR1OAAL GUALRL S2AMHE 20 9.

HUAlAL 220dL 240 Aea4HE [Badlt HilsdlHD yrdst,zgiad Tz, allls 21¢adl,CSR [RUle 4oL

GUAIRL UM UL 69
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AHellefl uziedil ;

QA< 21w 4 NBFC il 21301 2064 ¥l ughld gail uziedfl s2aumi sudl
1.6y 515l

24124 515l

3.A[Eegl sl

4 AAIHIEH, SOl

NBFC su-l CSR (%)
oSy 51l AR IS
AlRM 51541 131 53¢
HlSgl 5151 95 5218
SIS RIS ] 65 5218

CSR (5AsHi)

Mahindra Cholamandalam
finance finance

% CSR ($ASH1) 289 131 95 65

Bajaj finance Shriram finance

GU VUAHHI 221l UHLEL 612167 51Ol SUAl CSR WAHI Aleil 2119101 61191 HOL €9 Al Z2H, SOl

Su<il oiloyl sHis HAUA £ dHEY MGl 1Ol 5Ul 95 5208 oy2dl HEAH 2d2 CSR W2 Hi 5101l 24U €9,

Sector Bajaj finance Shriram finance | Mahindra Chola finance
finance

Educational 35% 30% 40% 25%

Healthcare 25% 30% 20% 40%

Skill dev. 30% 25% 25% 20%
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sector wise CSR

40%
35%

30% 30%30%

25% 25% 25% 25%
I 20%' 20%

bajaj shriram mahindra
Education

Healthcare

| m skill dev.

Education Healthcare mskill dev.

Buz Ule Hi £alledl Hovot Education &3 HlSgl s15lerd sul <l 5101l A2l 4412 261l 9 o412 ALAIHSEH
51Ol SUsiloll Healthcare &Aul 2i<d NBFC $u«l 52d41 2120 Ul cald 9. oionsy 5154, SKkill
development Hi 1«4 NBFC $2dl 212191 £9.

sy 51Ddle (AL i (58 2adquiz @3ul CPBFI |i 4 20254i dlcld dlAan [aenglotidl =va
46,807 wdl. 54 dicudli 100,000 [Aalieill ¢dl. 161 Bedid 2Uazl dlid gdl dHsy Hlsaistidl (sl
61% £9 il UAH ULl U242 68% Sell. AL ULUM [AEBL 21 AsHOUR vicd HEL2AA 21193 & 9 48 2025
Hi 54 [R5 2aquHez Alez 2UHURA 25\l alenel 1.77 div syzal £9.2.24 @iv sy2dl 5 4dledid didly
2 69, dAHEY ML GULOSIA BUAA 2 UMEL L A1yl widl 6] 9.

gl2H 51514 CSR oisyzHi (98Bl HI2 97.72 531g<ll 5100 20U 9.4 2025 Hi 14 dlwel 44 disid

212104 Aal y2l uLél &9 dusy [R5a dadiun-eui CSR oisy2 3.50.60 5218 s¥24l 51011 ALl 2&lL €9,

Ulsegl 5151 su-l 250,000 disl YHl financial literacy UlsALedlal @84 4319 £ AR 2, 2A-263]

N NN ~ ~ 11

[QRA12ML @Vl disid 2UR1% AdL Y2l Uie £ 2 mold, 521 26l & 2=yl skill development project

yadl =€l &
AlAIMAH, slOAL, SuU-Al (200 sRlni al 2025 M 20,000 [Azndlsiid usid 53l 9. dHsy deasz

A1l 25000 disl Y4l i 5@ 2adiunez 44 202541 10,000 dleueliid usii uzl uidl 9.

NBFC Rural developmentHi 5191l (2025)
MGy 51l 10%
laH 1Sl 15%
HlEegl 5151 15%
LA 51Ol 15%
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(2025) Rural dev

B o121 $lESollet

B3R §lESotlod
HREoal slEallodt

B AAHSAM $lEollod

[res :

QAAHLA PARAIAAL DUHIR 2UR AL 69 5 Alel-61[501 Alpusla sulil 21a0 21491 &slHl CSR ualdil 52 ¢9.
yie 526l NBFC syui oisy 516l su«liidl 5100 CSR WaAUL 21 NBFC su<lil 52l 48R 9.
MRAL HO 89 5 NBFC SU<ilotl Uldiedl <5l Hoyot CSR WAHI Uldldl 51001 241l 281l 69, 5lad (A5l
ESAHL 01716y 5lOelled, et NBFC 521 4121 244l 51000 241U €9, (21800 Al MGl s1OAl- 212194 &M
LIAMLAH 51Ol AHsy WHIAL [Asianl gl sidle, AR s15led U0 510U 2A0L 28l 89,
UH[ASIA 2Ad ALLSIA AHIAL BAUL AU YAIRL S719L HOL £9 01101 Bid Ue9ld, 40l U2 CSR U lriii<l
UGN v 53l 48, oAl Holl 2@l 89.CSR Udldiel Hizsd NBFC A1ullors i s [Asiul Heeayd

ALl Aoyl 2Ell 9 9l UBL CSR UG @AM AUHIAAL 24 2422 HIUAHD WIRE[DALAL DIUA dHsy

AL 5032 uBL MY €9,

YsIRL

A5 Aasla sucdlotl e [Asiul CSR ualizil 53l 26l 9 e9di L wiw, [Azdizing stHelsl
Hesclluil sxial oL €.

~ ~

Alll 2iel HAH NBFClL 5l el 2195 6yl 51200 (2202 261 2l oxdL 51200 CSR ) 5341 1254, oil a2
9.

Su<il 2152 2013 €601 CSR 56741 £9 U, [AAHIML AR 52512 Ul G2 89 Sxell 5120, AlA-6i[501 Lousla
Sudloil Wiz (Rl wiad 539 syled ol mn 9,

qsi:

Al-6f5a sl su<dlsiid rural finance a5 sxigiel 4144l siawdl financial inclusion 4:1<1
A5 89,

Hi2L UiIsYs2 AsA telldal HIZ H2512 24 NBFC 423 26219 5241 6519,
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AL :
VU122, 2UsUR (280 559l CSR Wisysz UHLEL il 2] [AARIHE 12 H2ald] o132 9. di-6i(50,
Alausly sulziizol CSR ualviid a8 24435125 otdldal Wiz [A2audla NGO id auoileizl s2dl sxidul

Aoy Al-01[591 AlpuslA Sudleiizn CSR ualriiid U512l Aoyl 18 sxigdl sxidal oyl 5120 U1z uReuH
Hadl usia,
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ARA A <A dAl wRuani Al [uighl 214

SRl iee{lsz0l

M- A4, 2aest
Auld -[Sreal 2, A ARG, ASKEL2 dAL delas, Wi, RuA siar, dlr 43e efEel dmrid
3Aafid), Ard.
3L altdolq wlgst

HWIeds dal dauid, 2aaid [l [Agr 2iA% wean sidsy, ay s, Ard.

=Rl

(Alaa [Aaiariiedl dididy dsmi Hilsdl 21de s2q1edl U H12 oyel syel dutitidl i 4sd2ii-l
GUALIL 53l S 69, AL Ul 2l 452l Usld dal 6241 dell Ad4Rils Heed 204 aauRilsidl
HUl ALl 2uor01 Gu (AR 52l id 9. HISAL Ay 21 AHARA Al W51 2L Aaupils [A51 12 Head]
&Hls *loyd €9,

Hilsdl 2zl iRl Hiavy aupilsial Hilgdldl 4100 sid HedH Gualoldl Ausy Hi2
SFAGLELR SIA 9. BiL HAIAALAL (A8 HIgAA Dtel del Aee{ld s2audl ulsaL d g0 418 srliial dsti-l
slaad 20U S 8.

-4l 2u 20l AAA, stael A5, HUlsH] Al 2L, 2ecilsan, ed w52, &3 iz,
dl Ruiez.
3-AURIA:

21205l 1a Seeellopraell siedld uRend Hiledl gis Hiedl 4 ulsa oo yo 4l uladd wisl
89, HUladl sidl Al 290 ©a dedl 220 U2 usi2AL 89 2 2R Seeclloreal AHad uReuH Hilsdl
g5l AHA, sl wiells w2 Guz HlHl 212 241wl 9. wie 018 Hilsdl Ul uusy, 2azu, Guadildl
Guz AlHL Ut ugdl 9. usal or Hildl ArnAL 9l 554 WaMs 290 Undl Adl sdl, d Hilsdl sd 515 ua
Wil 4012 H|AL 67 GUALLL UL 29uHl HOLdL 226) €9, 51121 [Qznanvil 208 dsandial caqiils, [Qenglsi
2 HollHsl HI2 ueL HilAL 1A HIZ4L uZuLd [Asea ol a8 2142512 oty 89, ABIA 2d2 Hidd14 14z
QALULAAL 4 S50 9l 512 HelopHez (220 Iz (A48 AHldlo [Anami suda 9 i wsldlotidl
HEAHBLLA 2UHIR 0r4[324E FH A5HL HIOHLLA 525121 244l GlRAL £9.

IUSH APUAAL ZARL SUUAHL DAL YSIEIDAL SIAEL (AL WML [QELAUMIAL i SHIRIARUDAL

£AIRL UHIR S2AML 2UAEL SPAEIALAL [Add 28241 HIZ Vol Heedel wtel Aldl 24 S 9. 2L AsIElll
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[Ruizotd syoriezl 242U UsLfAd AdL G189, oy UIls AIREL ulZuLls <ld syel syel RuleiHl vl vt
2511 USILAL ZARL VoL LSIOIL UHLBHE UsL2d 52041 2094l gia 9. pU2lsllaa Sedloyrudl Hiledl
JAHL GUALLAL UREUH 24 [RUI22 dHe Hesed VAL @Al 89, He22d2 GUeL (A48 A2 vica-l aaurilsid
554 Aldl 2u woeidl Hee @l 25 UHAUL 2 or3LAA HoYolAl Huddl Ystelidl gl 2u[Elilag
Heedloyer 2euedl Gualal 531 Azl 531 siual Qi 9. [Ruizd Ustad sl dzeiiist w240 wRAdqd
(Rast 9 24 2l syel UsIAAHL [RUl2 2344l dl [RUISAA 215 291 60 U011 2l dBil 2Rl [AsAiaria do
USey v 2504 Guz 22[51{1AA Seedlloyeredl dal A siudl qwal 9. oxdl 52 sl asin s, 4l
Azl el 93 2] Al RuiZiedl 21 GHal A Rls Ao Hesliad 25Ul 21 4IHE B Uidld 21dled
251dl o5 au 9.

¥-dl Ruidol -l unsydl:

[afas [Banavnstiui 44l sy WAl HUEAlA 1191 U U199 HIZ A2l eIzl Alssy g ldil
[As1acml 21adl sid 9. HUladl dasq Hizdl 244l [Aap ugaldziidl s Guaiol aist auo cugeils
2 ALUIELs Zld RausiHl ulomdl sin €9, Hildl a8 210 e ddl AadgiEls 2ld cnaeils vid dalbs
Guirami dladl ox34l €9 vt udl GuAR(ldL o7 AUQHTA HilSdld Het 48 52 49,

SISURL dedte wi1eils et usyel oy HUlSdlAL UsAL 21 UAIZA 6101 21U 9. SyH 94 dedl], 205
HEL UYL UMD, A 89, dH dH, dell (A5l (291 2009100 AL 2% 69, 414 24 51AEL A1, FSOUAAL AAALAHI
YRL AUEA 2AURL 2ULAL Z5IEIAL 294U 42D, Ad] HISALA WRL AHA 012 2419, 6 HEL HIREL 5L 244, €9,
u-cy L)

dl Uizl ot 5121 2l w2U[Ud 2AAL e UEH AT HARAAAL AL EAURL UUAHL 2AAAL YSIELDAL
2l 2l 5HIA 2AlssU Us1RAL HINUIML lLsHL 245 A8 2aU 2A42ld 520 Usilid sl cnaupils ulsa 9.

AUHISTHL Dies UslAL 202ls, AHLSys, Asrlds, Dalbs, 2sls, asld, [AR usizdl auzail
GedAdl Gl 89, L UHADUAL U5 21l HIA [AS1E HIZ AR AHISS ded AL UHAL 5L 292U
A 2U9, 9. G2 AL UHAL 2AUAAL HSAAL SUHL UL AL SILEIALAL Uzl 20612l 4] 244 GsLoL yds
[Asqup 53] Al AUl 2UMUA G5H 292U 2UAL S 89,

SIHA ATHE SAEL S DL 249 UsL(2Ad Y5212 €9, syl GuALoL aslal 24 uHlal gzl (el
520 ML AL 2ARUHL 5HIME wAlApild 25 Z5al uzdl des] d9 GUALRL 539AHI 2414 9. (A8l ASalaH]
AL, Zd 51 2llds, GUAMAAHL U9 HELA SxeH UUAL d2il, [Adee 20 AUE1AdIRE AL SlAsiu S
89 el 5126l SlAAL SUHL DUUAHE 209 AU YeARIAAA 52 69, 67 512l Y5IEL UL UHIA A €9,

Y512l wAlaplld »sieiziiad 244 4o 9 5, Gazidl sl 2UAd 69, d<il urL 4 52UHl 209 9. 21445
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5%, Alel ASAULAML UM LA H1RIL 2100 UsUAA 52T 2019 89, 67 Sz d2ls ualdd ue =l 2invin
£9.(Britannica, 2025) 1

(A4l ot sPA1Ale UsH 52 89, Ud, 2L SPAI2AAL DHE 2 [A2dd 219524 5291, 51H AAHIH
ARl 0% ARiLs 218512 8 244 QAUAS AAIEAAL UAT2Y APUUAL Y512 2124 5, 54 Al 521 SlA
£9. oyel-0yel ABIHI 2iL 534 dldl RulZloL 2deal syel syel (Lol unioil 9, 516 Alssu i UL Uslaled [Aa4)
AU AL [RigAidl uHel 220 ud 2244l 2], qoil udul 54 aldl RuiZl ded sla 519 siHel sURdaui
<l
¢-Odlgi

[12qui 4 211 A2l &l oy <41 dotedl [As14 24 aial. [32]q-dl 2iulddsils wala «a e [Geani
511 &l 219220l Rasdl a1 @il 214 (32l sididlatiug [B2la < azal 2adld 241 apil. [geqaul
G2 APUAL Ul 2 HiAdDR YAABld dle <l Rigidd 2aiid sl 232udul 240 wdlaeld
Yslelzila Al ARl SLlBIHL Z5HE AEAME 2UAAL sdl, 6 diid @idl 5UHL210UG 4sdl 29 aal
A 6f UslReAL SAIML (B 5291 HI2 HEEBY Oleddl. AHA Syl ALl UBL 21 Ud[rid [RasiEl, uid d Hi2 519
AissU ugAlasil 4 dl. ez olle 13Hi 4l 1 e Hl AL 21 AilE] 2 vl us1asl 24121 Us1ad s2UHl
viaaL dpil. stsH dl RUZDR1AL Gualdlldl asdl d U2AlAd o1 i 9L 22l AL d 2AIRL A<l Uslglede
[isld 5221 2UES1E]S S22 oM 2L Mittal (n.d.)2
<. AMRANE @l RUiZDiAl Sl

RUAHI (A2 W] st M wag sial gl 24l 516 dl Ruizll ugald [l [@Qsi aig 4dl,
Ul (2l i RuiZlodl wondld Rasizl aami sidd. gidsiedl -l aum siziat giosie vid yuly
sle<l gsieloll 5 ud [Aolld Asieiziidl Hietdl Rasizdl 268 69, oR giosie vid Yuly sie 1Al siel
Ysle12dl Rasizal ol Sidl 2l aqHi 21 2005 5121 dutidl SEHE e [Gdul sx3<] oreud dl wdlaela

-

Y5121l Hi oyl VL 2] ] Gia Al ddl Ysieil Gazidl 4l Asielzil 24l 9 €.

1 Britannica  Editors (2025, July 23). law report. Encyclopedia  Britannica. available at
https://www.britannica.com/topic/law-report https://www.sciencedirect.com/topics/social-
sciences/information-source

2 Mittal, J. K. (I’ld) . History of law reporting in
India. https://www.allahabadhighcourt.in/event/HistoryOfLawReportingInIndiaJKMittal. pdf
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YHIBHL (AL dwi 530, Galsuzy UsllEd 23l i Ue2 ALUGALAL AHIA, AASIRIAL 2518 d2l5
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224 89 5 AAAAL 2 RAzHIAL 2alRL HAURA 214 89 24 A [ABAL or 5142l o<l o 89, 2@ 5, Hlal
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Heui A 0 uRusa adl 2uia 69, uid, o SIOURL Als5A 2AUHL UL Adledl 42l £9di 24 [0 ustaq-l
ULzl dladl steiddial Asieiziidal dissaul [Qsld 5291 21 HIedd sl YA S2AHE 29 69
2l dHig] A1 Usizl dasizal ulsan vz 212514l asid
©.0.2) 1¢13 4l 15 AL AUIUHE CURAHL GUARLHE 20l UHL dl RUiZid] 24{ld)
(G124l 516 51241 S &l Ui

2 Al [RUlZH (A2l 518 512 220 DUUAUHT DUAAL ALPS (AP0 UL S2AUHT BUAAL AL BHL
GuRid dHi el avid @Rd-d] L0 512 2alRl 2udl (ol Gur 24l Bdl 516l 2rulaiq (Al ua
UsLLd 52AHL 2UAdL S, syl pio1d, 2l Hleedl 524l d=ls wo usifid s2aml 2udal. o 2. HIE uil
Al glsy2 w5 Slegda 52|24l UslaAHT 24 Al (Uil e diR4.
d22 Slegal sull s2ll sl Al (e

a5l AR sleedl Asyz212 AU [AdlaH 2zl uaH quid su-l 5121 24121 20U 214l Yslelied
UsLLA 52AUML 2UAAL DBBUAHL ALl 6L AU USL[AA 5204 el ULIEIN AL del DA 53] AR ATAH 112
UsLd 52UML e, 1wy dl 2 Ruigad [seez Ruigz dils aplld 23 244 uslasd <euda sl

25125 Ustas d2ls Hieadl Holl. AR olle 4 2wt Al 240 Usiod Aeuad sis 212z dldl ([d 54

Volume: 1 Issue: 4 Month: August - 2026 Year: 14

https://anantagoj.org/viewofspace
144



VIEW OF SPACE - INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF APPLIED RESEARCH
ISSN (P): 2320-7620 | PEER REVIEWED & REFEREED JOURNAL

VY3 el SEL 2UIR 2IADUL AHPAL dladl Nididl [Sreal sieiadidl (e, suGdl Gur
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25 AL d=ls Rl o152 dHEL 21 [RgAid 29lsAL s U512l del (20446 AR sdiml pdal sield
Usl2d 5291l 5267 dell sPAELA 2SR 5391 52l 24| Heseawdl 2l 24100 syl wiL (AU Gu (A[a 2l
U521 Vi G2 Vielddlid WRWAL U BUZAUL 52AML DU Sl AR 6l U2 225 Uedl 5142l A AzlS
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izl iz vuBsils aHldloidl 22l s2ami vidl vid 125l 2vu 214 4dl gsn dl Ruiel st
CETRETIDIN
9-USIR

dl [Rulez Hi Ustlid [AuAdal SUAR ddl U5tz uisdil 209 9. AL <ld dl Ruiedl o usil
52UML 209, 69, Al (Uil 519 [ABad 5 21961 Ms Uszl a2l ud AdxuRils Guellsdlvtial GUAIdL i
UM IR @l (Ul 6 us12L orendl asid 9. 1) W/(Qzdd(Full Text) @viigl diou @l [Ruie2 vid

2) AIRiY qrieL alol (Summery) @l (Ruizz. (Iclr-Admin-3ir9ng3zv, 2025)3

3 Iclr-Admin-31r9nq3zv. (2025, September 19). What is a Law Report? - ICLR. ICLR.
https://www.iclr.co.uk/blog/archive/what-is-a-law-report/
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290524 5291 HIZ2 HAUsysel dell HUASAL DUUALAL 209519 Sl 42l 5195 URL 53 dld UsLlOd s2aMi 20
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10-42¢, AIH2UA

QAL <At dx sla ElzaldRad UEnHIAL Y12 240 26 89, dedl ol dotssl Bl 4O 25Al 9 vie
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COURT OF INDIA, 2023) .

WUl 512 215 Slegdiell saimplid 2aid vl (408 s1o512124 datldl Ysleipil 424 AlH2ad 244
UsULA 52a1L A3 521 2UUAL 9 24 6y 15121l U1H21 BUR ded 24421 2] sAA, YA 2194, €9,

9.9-GUALI;

4 SUPREME COURT OF INDIA (Feb.,2023). Neutral citations in Supreme Court of India,
PR/SCI/2023/02/01,The Supreme Court of India.
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1 Britannica Ediitors (2025, July 23). law report. Encyclopedia Britannica. available at
https.//www. britannica.com/fopic/law-report  https.//www.sciencedirect.com/topics/social-
sciences/information-source

2 Mittal, J. K (n.d.). History of law reporting in

India. httos.//www.allahabadhighcourt.in/event/HistoryOfLawReporting/nindiaJKMittal. pdf

3 lelr-Admin-3Ir9nq3zv. (2025, Sepfember 19). What is a Law Report? - ICLR. ICLR.
https.//www.iclr.co.uk/blog/archive/what-is-a-law-report/
4 SUPREME COURT OF INDIA (Feb.,2023). Neutral citations in Supreme Court of

India, PR/SCI/2023/02/01, The Supreme Court of India.
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