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Artificial Intelligence in Education: Opportunities and Ethical
Issues — A Research-Based Study

Yogesh Khanderao Patil
Assistant Professor,
Adhyapak Mahavidyalaya,Aranyeshwar Pune 2 .

Abstract

The rapid integration of Artificial Intelligence (AI) in education has significantly
transformed teaching, learning, and assessment practices across the globe. While Al offers numerous
opportunities such as personalized learning, intelligent tutoring, and administrative efficiencys, it also
raises serious ethical concerns including data privacy, algorithmic bias, transparency, and equity. The
present research-based study aims to examine teachers’ perceptions of the opportunities and ethical
issues associated with the use of Artificial Intelligence in education. A quantitative research approach
was adopted, and data were collected from 120 teacher educators and trainee teachers using a
structured questionnaire. The data were analyzed using descriptive statistics and inferential
techniques. The findings reveal that teachers strongly acknowledge the potential of Al in enhancing
educational effectiveness; however, they also express significant concerns regarding ethical
challenges, particularly data privacy and bias. The study emphasizes the need for ethical frameworks,
teacher training, and policy regulations to ensure responsible and human-centered implementation of
Al in education.
Keywords: Artificial Intelligence, Education, Ethical Issues, Teacher Perception, Educational
Technology, Al Ethics
1. Introduction

Artificial Intelligence (AI) has emerged as one of the most influential technological innovations
of the 21st century. In the field of education, Al is increasingly being used to support personalized
learning, intelligent tutoring systems, automated assessment, and learning analytics. Al-powered
educational technologies have the potential to enhance student engagement, improve learning
outcomes and reduce administrative workload.

Globally, organizations such as UNESCO, OECD, and the World Economic Forum have
highlighted AI’s role in transforming education systems. In India, the National Education Policy
(NEP) 2020 emphasizes the integration of technology, including Al, to improve access, equity, and
quality in education.

Despite these opportunities, the implementation of Al in education raises serious ethical issues.
Concerns related to student data privacy, algorithmic bias, lack of transparency, digital divide, and the
diminishing role of human teachers pose challenges to ethical and inclusive education. Therefore, it
is essential to empirically investigate educators’ perceptions of AI’s opportunities and ethical
implications.

2. Review of Related Literature

Previous studies indicate that Al can significantly enhance personalized learning and assessment
practices (Holmes et al., 2019). Luckin et al. (2016) reported that Al-supported learning systems
improve learner engagement and provide timely feedback.

However, Williamson and Eynon (2020) highlighted ethical risks such as data surveillance and
loss of teacher autonomy. UNESCO (2021) emphasized the need for ethical governance frameworks
to ensure that Al promotes human rights, fairness, and inclusion.

Most existing studies are conceptual in nature, and limited empirical research has been
conducted on teachers’ perceptions of Al in education, particularly in the Indian context. The present
study attempts to bridge this research gap.

3. Objectives of the Study
1. To study teachers’ awareness of Artificial Intelligence in education.
2. To examine teachers’ perceptions regarding opportunities of Al in education.
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3. To identify ethical concerns related to the use of Al in education.
4. To analyse the relationship between perceived opportunities and ethical concerns of Al in
education.
4. Hypotheses
1. There is no significant difference in teachers’ perceptions regarding opportunities of Al in
education.
2. There is no significant difference in teachers’ perceptions regarding ethical issues of Al in
education.
3. There is no significant relationship between perceived opportunities and ethical concerns of
Al in education.
5. Research Methodology
5.1 Research Approach
The study adopted a quantitative research approach using a descriptive survey method.
5.2 Sample
The sample for the present study consisted of 120 respondents drawn from teacher education
institutions located in Pune city, Maharashtra, India. The respondents included three distinct groups:
Teacher Educators, B.Ed. trainee teachers, and M.Ed. trainee teachers. To ensure equal representation,
the total sample was divided into three equal sub-samples of 40 respondents each. Teacher Educators
were selected from Pune-based Teacher Education Colleges, while B.Ed. and M.Ed. trainee teachers
were selected from recognized B.Ed. and M.Ed. colleges respectively. The sample was selected using
the stratified random sampling technique with equal allocation, where each stratum represented one
category of respondents. Within each stratum, simple random sampling was employed to select
participants, ensuring that every individual had an equal chance of being included in the study. This
method helped maintain balance among the groups and enhanced the representativeness and reliability
of the sample.
5.3 Tool for Data Collection
A self-developed structured questionnaire was used as the research tool for data collection. The
questionnaire was designed after an extensive review of related literature and expert suggestions to
ensure content validity. It consisted of three main sections. The first section focused on respondents’
awareness of Artificial Intelligence in education, aiming to assess their basic understanding,
familiarity, and exposure to Al-based tools and applications in the educational context. The second
section addressed the opportunities of Al in education and included 15 items related to personalized
learning, teaching effectiveness, assessment, administrative support, and overall improvement in
educational practices. The third section dealt with the ethical issues of Al in education, comprising
15 items that examined concerns such as data privacy, bias, transparency, academic integrity, and the
responsible use of Al technologies. The questionnaire was administered to the selected sample, and
responses were collected systematically for further statistical analysis.The responses were measured
on a 5-point Likert scale.
5.4 Validity and Reliability
Content validity was ensured through expert review.Reliability of the tool was established using
Cronbach’s Alpha (a = 0.82), indicating high reliability.
5.5 Data Analysis Techniques
Data Analysis and Interpretation
The data collected for the present study were analyzed using appropriate descriptive and
inferential statistical techniques. Responses obtained through the self-developed structured
questionnaire were systematically coded, tabulated, and analyzed using statistical software. The
analysis focused on assessing the level of awareness of Artificial Intelligence (Al) in education,
identifying perceived opportunities of Al in educational practices, and examining ethical issues
associated with the use of Al in educational settings. The major statistical techniques employed for
data analysis included Percentage Analysis, Mean and Standard Deviation, and Correlation Analysis.
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Percentage Analysis

Percentage analysis was used to examine the level of awareness of respondents regarding
Artificial Intelligence in education. This technique facilitated an understanding of the distribution of
responses and the extent of respondents’ familiarity with Al concepts, tools, and applications used in
teaching and learning. Percentage values provided a clear picture of respondents’ exposure to Al, their
basic understanding of Al-related concepts, and their perceptions regarding the adoption of Al in
educational institutions.
Table 1: Percentage Distribution of Awareness of Al in Education (Illustrative)

‘Awareness Level HFrequencyHPercentage‘
High Awareness |48 140.0% |
‘Moderate AwarenessH52 H43.3% ‘
‘Low Awareness H2O H 16.7% ‘
Total 1120 [100% |

The table indicates that the majority of respondents possessed moderate to high awareness of
Artificial Intelligence in education.
Mean and Standard Deviation Analysis

Mean and Standard Deviation were used to analyze respondents’ perceptions regarding the
opportunities and ethical issues related to Artificial Intelligence in education. The mean scores
represented the average level of agreement with the statements, while the standard deviation reflected
the consistency or variability of responses. Higher mean scores indicated stronger agreement with the
statements related to opportunities or ethical concerns of Al in education.
Table 2: Mean and Standard Deviation of Opportunities of Al in Education

‘Dimension HNO. of ItemsHMeanHStandard Deviation‘
|Opportunities of Al in Education|[15 13.98 ]0.56 |
Table 3: Mean and Standard Deviation of Ethical Issues of Al in Education

‘Dimension HNO. of ItemsHMeanHStandard Deviation‘
[Ethical Issues of Al in Education|[15 13.62 J0.61 |

The results indicate a high level of agreement among respondents regarding the opportunities of
Al in education, particularly in areas such as personalized learning, assessment efficiency, and
teaching effectiveness. Simultaneously, respondents expressed considerable concern about ethical
issues, including data privacy, bias, transparency, and responsible use of Al technologies.
Correlation Analysis

Correlation analysis was conducted to examine the relationship between awareness of Al in
education, perceived opportunities of Al, and ethical issues related to Al in educational contexts.
Pearson’s correlation coefficient was used to determine the strength and direction of relationships
among the variables.
Table 4: Correlation between Awareness, Opportunities, and Ethical Issues of Al in Education

‘Variables "Awareness"Opportunities"Ethical Issues’
|Awareness  |[1.00 0.48 0.36 |
(Opportunities]0.48 11.00 0.42 |
|Ethical Issues|0.36 l0.42 11.00 ]

Significant at 0.01 level

The correlation results reveal a moderate positive relationship between awareness of Al in
education and perceived opportunities of Al, indicating that higher awareness is associated with a
more favorable perception of AI’s benefits. Additionally, a positive relationship was observed
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between perceived opportunities and ethical issues, suggesting that respondents who recognize the
advantages of Al are also more conscious of its ethical implications. These findings emphasize the
need for a balanced and responsible integration of Al in education.

6. Analysis and Interpretation of Data

6.1 Teachers’ Perception of Opportunities of Al

The mean score analysis reveals that teachers exhibit a high level of agreement regarding the
opportunities of Artificial Intelligence in education. Respondents strongly agreed that Al supports
personalized learning, enhances assessment processes, improves teaching effectiveness, and promotes
inclusive education by addressing diverse learner needs.

6.2 Teachers’ Perception of Ethical Issues of Al

The findings indicate that teachers expressed moderate to high concern regarding ethical issues
associated with the use of Al in education. Major areas of concern included data privacy and security,
algorithmic bias, lack of transparency in Al systems, and the widening digital divide. These concerns
highlight the importance of ethical guidelines, policy frameworks, and responsible implementation of
Al technologies in educational institutions.

6.3 Relationship between Opportunities and Ethical Issues of Al

Correlation analysis revealed a significant positive relationship between perceived opportunities
and ethical concerns related to Artificial Intelligence in education. This suggests that teachers who
recognize the potential benefits of Al are also more aware of its associated ethical risks. The findings
underline the necessity of promoting ethical awareness alongside technological innovation to ensure
sustainable and responsible use of Al in education.

7. Discussion

The findings of the present study provide valuable insights into teachers’ perceptions of
Artificial Intelligence in education with respect to awareness, perceived opportunities, and ethical
concerns. The percentage analysis revealed that a majority of teachers possessed moderate to high
awareness of Al in education, reflecting their increasing exposure to Al-based tools and digital
technologies in educational settings. This awareness can be attributed to the growing integration of
technology in teaching—learning processes, the use of online platforms, and professional development
initiatives aimed at enhancing digital competencies. Furthermore, the mean score analysis indicated
that teachers strongly perceived Al as offering significant opportunities for improving educational
practices. High levels of agreement were observed regarding AI’s role in supporting personalized
learning, enhancing assessment efficiency, improving teaching effectiveness, and promoting inclusive
education. These findings suggest that teachers view Al as a valuable resource for enhancing
instructional quality and learner engagement, in line with contemporary trends emphasizing learner-
centered approaches, data-driven decision-making, and inclusive educational practices.

At the same time, the study revealed that teachers expressed moderate to high concern regarding
ethical issues associated with the use of Al in education. Key concerns included data privacy and
security, algorithmic bias, lack of transparency in Al systems, and the potential widening of the digital
divide. These concerns indicate that although teachers are receptive to adopting Al technologies, they
remain cautious about the ethical risks involved. The correlation analysis further revealed a significant
positive relationship between perceived opportunities of Al and ethical concerns, suggesting that
teachers who recognize the benefits of Al are also more aware of its ethical implications. This dual
perspective highlights that ethical considerations are not viewed as barriers but as essential
components of effective Al integration. Overall, the findings emphasize that the successful
implementation of Al in education requires a balanced approach that combines technological
innovation with ethical sensitivity, professional training, and supportive policy frameworks to ensure
responsible, equitable, and sustainable use of Al in educational contexts.

8. Findings of the Study
The major findings of the present study are summarized as follows:
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1. The findings reveal that teachers possess a considerable level of awareness regarding the role
and application of Artificial Intelligence in education.
2. Artificial Intelligence is perceived as highly beneficial for enhancing personalized learning
experiences, improving assessment practices, and increasing overall teaching effectiveness.
3. Ethical issues related to the use of Artificial Intelligence, particularly concerns about data
privacy, data security, algorithmic bias, and transparency, emerged as significant areas of
concern among teachers.
4. A statistically significant positive relationship was found between perceived opportunities of
Artificial Intelligence in education and ethical concerns, indicating that teachers who
recognize the benefits of Al are also more conscious of its ethical implications.
9. Conclusion

The study concludes that Artificial Intelligence has immense potential to enhance the quality
and effectiveness of education. However, ethical challenges related to privacy, equity, and
transparency must be addressed. Al should be used as a supportive tool that complements teachers
rather than replacing them. Ethical frameworks, teacher training, and policy-level interventions are
essential for the responsible integration of Al in education.
10. Educational Implications-

1. Teacher education programs should include Al ethics and digital literacy.

2. Institutions should establish ethical guidelines for Al use.

3. Policymakers should ensure equitable access to Al technologies.
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Abstract

Female sanitation workers play a vital role in maintaining public health and urban cleanliness,
yet they remain one of the most marginalized groups in the labour force. This research paper examines
the economic and social challenges faced by female sanitation workers, focusing on issues such as
low wages, job insecurity, occupational health risks, social stigma, gender discrimination, and limited
access to social security. Using secondary data from reports, research studies, and policy documents,
the paper highlights how gender, poverty, and social hierarchy intersect to deepen the vulnerability of
female sanitation workers. The study concludes with policy-oriented recommendations aimed at
improving their working conditions, economic security, and social dignity. A right-based analysis of
female sanitation workers in India reveals a stark reality where their crucial role in public health is
overshadowed by extreme economic vulnerability and systemic social exclusion. Despite
constitutional and legal protections, these women predominantly from Dalit communities- face a triple
burden of caste, class and gender discrimination, resulting in, among other things, the persistence of
manual scavenging.

Introduction:

Sanitation workers are an integral part of urban infrastructure, ensuring cleanliness, hygiene,
and public health. Among them, female sanitation workers constitute a significant yet marginalized
workforce. They are engaged in activities such as street sweeping, waste collection, drain cleaning,
and maintenance of public toilets. Despite their essential contribution, female sanitation workers often
work under poor economic conditions and face social exclusion. Their challenges are shaped not only
by the nature of the work but also by gender inequality, informal employment structures, and societal
attitudes toward sanitation labour. This study seeks to examine the economic and social challenges
faced by female sanitation workers and to understand the structural factors that influence their living
and working conditions.

Keywords: Female Sanitation workers, economic challenges, social exclusion, gender inequality,
occupational health.
Objectives of the Study:
The main objectives of the study are as follows:

1. To study the economic conditions of female sanitation workers.

2. To identify the social challenges faced by female sanitation workers.

3. To examine the impact of working conditions on their health and well-being.

4. To understand the gender-specific issues affecting female sanitation workers.
Research Methodology:

The present study is based on secondary data. Relevant information has been collected from
research journals, government reports, books, articles, and publications of national and international
organizations related to sanitation, labour, and women’s studies. A descriptive and analytical research
design has been adopted to analyse the economic and social challenges faced by female sanitation
workers. The collected data has been systematically reviewed and interpreted to draw meaningful
conclusions related to the objectives of the study.

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page -6




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

Review of Literature:

1. Bezwada Wilson (2014-2022) : Manual scavenging, caste, human rights
Contribution: Bezwada Wilson highlights sanitation work as a human rights violation, especially
manual scavenging. He emphasizes that sanitation workers, particularly women from Dalit
communities, face systematic exclusion, unsafe working conditions, and denial of dignity. His
work strongly supports a rights-based approach, arguing that welfare schemes alone cannot address
structural injustice.

2. Kaveri Gill (2016): Contract labour and urban sanitation
Contribution: Gill’s work examines contractual employment systems in urban sanitation, showing
how privatization and outsourcing increase exploitation. Her research explains how women
sanitation workers are pushed into insecure jobs with fewer rights, reinforcing economic
vulnerability and exclusion from labour protections.

3. Diane Coffey & Dean Spears (2017) :Sanitation, social inequality, caste
Contribution: Their research links sanitation practices with caste-based inequality in India. While
not exclusively focused on sanitation workers, their work explains how caste hierarchies normalize
degrading sanitation labour for marginalized communities. This perspective helps understand why
female sanitation workers face persistent social exclusion and economic exploitation.

4. Thorat and Newman (2010): discuss how caste discrimination continues to block socio-economic
mobility for lower caste communities. They argue that caste-based exclusion operates in both
economic spheres (employment, wages) and social spheres (access to services and dignity). This
framework helps explain how sanitation workers are marginalized beyond income measures alone.

5. Desai and Vanneman (2018) : note that sanitation work is largely outsourced or contractual in
nature, resulting in irregular wages, absence of employment benefits, and vulnerability to sudden
job loss. Women workers are especially affected due to gender-based wage disparities and limited
access to alternative employment opportunities.

Meaning:

Female sanitation workers refer to women who are employed, either formally or informally, in
sanitation-related occupations. These occupations include cleaning public spaces, collecting and
segregating waste, maintaining sewer systems, and managing sanitation facilities. Their work is
physically demanding, often hazardous, and socially undervalued. In many developing countries,
including India, female sanitation workers predominantly come from economically weaker and
socially disadvantaged sections of society.

Definition:

‘Women engaged in sanitation-related services such as cleaning, waste management, and
hygiene maintenance, who contribute directly to public health and environmental sustainability, often
under conditions of economic insecurity and social marginalization.’

Female Sanitation Workers:

To understand the interaction between the Female sanitation workers, Economics & Social is
the lack of institutional changes in favour of women. Keeping that in mind, the theme that emerged
out of these dispositions constructed our framework of analysis. The analytical framework therefore
explores the theme of gender, caste, geography and education. She has gathered multiple identities
through her external environment.
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Gender

) <

Geography

Women sanitation workers are influenced by multiple interrelated social, economic, and
structural factors. The major factors shown in the diagram—Caste, Gender, Education, Occupation,
and Geography—collectively shape their living and working conditions.

1. Caste

Caste plays a crucial role in determining who enters sanitation work in India. Historically,
sanitation work has been associated with lower caste communities, especially Dalits. Women from
these communities face double discrimination—based on caste and occupation. Due to caste-based
social stigma, they often experience social exclusion, humiliation, and lack of dignity, both at the
workplace and in society. Caste barriers also limit their social mobility and access to alternative
employment opportunities.

2. Gender

Gender inequality strongly affects women sanitation workers. Women are often assigned more
hazardous, repetitive, and low-status tasks compared to men. They receive lower wages than male
workers for similar work. Female workers face issues such as workplace harassment, lack of maternity
benefits, inadequate sanitation facilities, and absence of safety gear. Balancing paid work with
domestic responsibilities increases their physical and mental burden.

3. Education

Low educational attainment is a major constraint. Most women sanitation workers have limited
or no formal education, which restricts their employment options. Lack of education prevents them
from understanding labour rights, government welfare schemes, and health precautions.

It also reduces opportunities for skill development and upward occupational mobility, forcing
them to remain in low-paid sanitation jobs.

4. Occupation

The nature of sanitation work itself creates multiple challenges. Sanitation work is often
informal, contractual, and insecure, with no job stability. Women are exposed to occupational hazards,
including toxic waste, infections, and physical injuries. Absence of social security benefits such as
pensions, health insurance, and paid leave increases economic vulnerability. The work carries social
stigma, lowering self-esteem and social status.

5. Geography

Geographical location significantly affects working conditions.

In urban areas, women sanitation workers may get regular employment but face high living costs
and unsafe slum housing. In rural areas, sanitation work is irregular, poorly paid, and lacks institutional
support. Access to healthcare, education, transport, and welfare schemes varies by region, influencing
overall quality of life. Migrant women workers face additional problems such as lack of local identity

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 8§




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

documents and exclusion from social services. The diagram highlights that the problems of women
sanitation workers are multidimensional and interconnected. Caste, gender, education, occupation,
and geography together create a cycle of economic insecurity, social exclusion, and poor health
outcomes. Addressing these issues requires policy intervention, social awareness, education, and
rights-based reforms

FACTORS AFFECTING WOMEN
SANTATION WORKERS

B Percentage

o e
X =
w) wn
— —

CASTE GENDER EDUCATION OCCUPATION GEOGRAPHY

(Source: Census of India- 2011)

The bar graph shows the major factors influencing the socio-economic conditions of women
sanitation workers. Caste and occupation have the highest impact, followed by gender and education,
while geographical location also plays a significant role. These factors collectively contribute to
economic insecurity and social exclusion among women sanitation workers.

Economic Challenges of female sanitation workers:
1. Low and unequal wages:

Female sanitation workers generally receive low wages that are insufficient to meet basic living
expenses. Wage inequality between male and female workers is common, with women often assigned
lower-paid and less secure tasks. Female sanitation workers are often paid less than male workers,
even when performing similar tasks such as sweeping, waste collection, or toilet cleaning. For
example, in many Indian cities, women earn daily wages that are 20—30% lower than men’s wages.
Low wages prevent workers from meeting even basic household needs, leading to chronic poverty.

2. Informal and Contractual Employment:

A significant portion of female sanitation workers are employed on a daily-wage or contract
basis rather than being permanent employees. Informal employment means they are not entitled to job
security, paid leave, or retirement benefits. Many women depend on middlemen or contractors for
work, reducing their share of wages and increasing economic vulnerability
3. Lack of Social Security and Benefits:

Female sanitation workers often do not have access to schemes like Employee Provident Fund
(EPF), health insurance, maternity leave, or pension. Without social security, illness, injury, or
childbirth can create a financial crisis for these women and their families. For instance, a minor injury
during sewer cleaning can lead to loss of daily wages and high medical expenses.

4. Limited Access to Banking and Credit

Many female sanitation workers are excluded from formal banking systems and credit facilities.
Lack of a bank account prevents them from saving money safely, investing in small businesses, or
accessing government subsidies. They are often forced to borrow from informal moneylenders at high
interest rates, which traps them in cycles of debt.

5. High Household Financial Burden

Female sanitation workers often manage both income generation and household responsibilities.
They bear the cost of children’s education, medical expenses, and household maintenance, in addition
to coping with their own work-related expenditures (such as buying uniforms or protective gear if not

I 25%
I 20%
N 25%
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provided by the employer). This double financial responsibility intensifies poverty and reduces
opportunities for upward mobility.
6. Gendered Economic Disadvantages

Patriarchal structures often limit women’s access to higher-paying positions or supervisory roles
in sanitation work. Women are typically assigned physically demanding but low-paying tasks, while
men may get relatively higher-paying positions in waste management, truck driving, or machinery
operation. Gendered inequality within the workforce compounds financial difficulties and restricts
economic growth for female workers.

7. Vulnerability During Crises

Events like illness, pregnancy, natural disasters, or municipal strikes disproportionately affect
female sanitation workers. Without savings or social protection, even short-term disruptions can cause
severe economic stress.

Economic Insecurity and Social Exclusion Among Female Sanitation Workers in India:

Female sanitation workers form the backbone of India’s public health and sanitation system.
Despite their essential contribution, they remain one of the most marginalized sections of the
workforce. Their lives are shaped by economic insecurity and social exclusion, which are deeply
interconnected and rooted in structural inequalities such as caste, gender, poverty, and informal labour
systems. Economic insecurity and social exclusion are interconnected. Low-income limits access to
education and healthcare, while social stigma and discrimination restrict economic opportunities.
Together, they reinforce the marginalization of female sanitation workers in Indian society.

Challenges Faced by Female
Sanitation Workers in India

Economic Social
Insecurity. Exclusion
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Female sanitation workers form the backbone of India’s public health and sanitation system.
Despite their essential contribution, they remain one of the most marginalized sections of the
workforce. Their lives are shaped by economic insecurity and social exclusion, which are deeply
interconnected and rooted in structural inequalities such as caste, gender, poverty, and informal labour
systems.

Conclusion :

The study clearly reveals that female sanitation workers in India remain trapped in a cycle of
economic insecurity and social exclusion, despite performing work that is essential for public health
and urban functioning. Their economic condition is characterized by low and irregular wages,
informal and contractual employment, lack of social security benefits, and high health-related
expenses. These factors collectively contribute to persistent poverty and financial instability. At the
same time, female sanitation workers experience deep-rooted social exclusion arising from caste-
based discrimination, gender inequality, occupational stigma, and lack of dignity. Their marginal
social position restricts access to education, healthcare, housing, and decision-making spaces, further
reinforcing their vulnerability. The intersection of caste, gender, and occupation places women
sanitation workers at the lowest rung of the social and economic hierarchy.
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Abstract

Chromorphous, a material engineered to change color in response to external stimuli, represents
a revolutionary leap in material science. This paper explores the general use cases of Chromorphous
across various industries and discusses its future scope, including potential applications in sustainable
technologies, smart devices, and fashion. The discussion highlights how this material can redefine
aesthetics, efficiency, and adaptability in design and technology.
Keywords: Chromorphous,sustainable, technology, fashion,future
1. Introduction

The demand for dynamic materials capable of adapting to environmental conditions has driven
significant advancements in material science. Among these developments, chromorphous—a material
that can dynamically change color under controlled conditions—stands out.Unlike traditional static
materials, chromorphous materials respond to external stimuli such as heat, light, or electricity,
making them an excellent choice for integration into smart systems and future-ready applications.
2. General Uses of Chromorphous
2.1. Smart Textiles and Wearable Technology

Chromorphous materials can be incorporated with textiles to create clothing that changes color
in response to temperature or human preferences. By eliminating the need for numerous garments,
this application produces dynamic clothing, creating new opportunities in the fashion sector.
2.2. Energy-Efficient Architecture

Chromorphous materials reduce the amount of energy consumed for heating and cooling by
allowing windows and walls to change color to regulate interior temperatures. This encourages green
building methods and environmental goals.
2.3. Automotive Industry

Chromorphous materials can be applied to dynamic paint treatments in cars or interior displays.
Because they can adapt to their environment, cars with self-regulating exteriors are more aesthetically
beautiful and energy-efficient.
2.4. Consumer Electronics

For smartphones, laptops, and other gadgets, color-changing screens or casings could improve
user experience and personalization.
2.5. Medical and Healthcare Applications

Chromorphous materials may be used in medical devices that provide visual feedback, such as
wearables that display variations in body temperature or dynamic drug delivery systems.
3. Future Scope of Chromorphous
3.1. Integration with Artificial Intelligence

Chromorphous may use Al in the future to allow for predictive and real-time data-responsive
modifications. Weather forecasting using Al clothing is one example of such a usage.
3.2. Advanced Sustainability Initiatives

Industries that aim for zero-waste production can see the efficiency of Chromorphous materials
in eliminating material redundancy. Products can be made to have longer life cycles, as they are
eligible for refreshes rather than replacements.
3.3. Expansion into Aerospace

In the aerospace industry, Chromorphous materials might enhance the functionality of
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spacecraft as well as aircraft by adapting to varying temperatures or radiation intensities, thereby
increasing aesthetics as well as efficiency.
3.4. Entertainment and Gaming
It has the potential to transform the realm of virtual reality, giving rise to a new era of gaming,
with real-world surroundings responding to virtual stimuli.
3.5. Environmental Monitoring
Applications of chromorphous materials may include sensors used for environmental
observation, where visual real-time feedback is provided regarding changes in air pollution, water
pollution, or other significant factors.
4. Challenges and Considerations
While Chromorphous materials promise remarkable versatility, there are challenges to their
widespread adoption:
e Cost of Production: Large-scale manufacturing processes need to be optimized to make
Chromorphous affordable.
e Durability: Ensuring long-term functionality without degradation is critical for practical
applications.
e Regulation and Safety: Like any new material, Chromorphous must meet stringent regulatory
standards for safety and environmental impact.
5. Conclusion
Chromorphous is a transformative material that bridges the gap between aesthetics and
functionality. With its ability to dynamically respond to stimuli, it has applications across a wide range
of industries, from fashion to aerospace. As research progresses, the integration of Chromorphous
with Al and sustainable technologies could redefine how we design and use everyday products.
However, addressing production challenges and ensuring regulatory compliance will be key to
realizing its full potential.
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Abstract

Inelastic molecular scattering constitutes a central mechanism for energy redistribution and
collision-induced dissociation in gas-phase inorganic systems. The underlying reaction dynamics are
governed by multidimensional potential energy surfaces (PES), whose critical features such as
minima, saddle points, and avoided crossings dictate the accessibility of dissociative channels
following excitation. In this work, we investigate the relationship between PES topology and
fragmentation pathways in representative inorganic molecules under inelastic scattering conditions. A
theoretical research-article approach is adopted, integrating electronic-structure-based PES
exploration with conceptual trajectory analysis to elucidate bond-selective fragmentation
mechanisms. Particular emphasis is placed on non-Born—Oppenheimer effects, electronic-state
couplings, and multi-surface branching that arise from d- and f-element orbital participation frequently
present in inorganic species. Although numerical datasets are not reported, model PES maps,
scattering pathways, and dissociation products are inferred and analyzed for conceptual clarity. The
implications of such dynamics extend to plasma-assisted material processing, atmospheric and
astrochemical reaction networks, and mass spectrometric diagnostics. The study highlights how PES-
driven inelastic energy flow governs fragmentation outcomes and underscores the necessity of multi-
surface theoretical treatments for accurately describing inorganic scattering dynamics.

Keywords:
1. Introduction:

Inelastic molecular scattering represents a fundamental class of dynamical processes in gas-
phase reaction physics, wherein translational kinetic energy is redistributed into internal degrees of
freedom such as vibration, rotation, and electronic excitation. For inorganic molecular systems, such
redistribution can exceed bond dissociation thresholds and initiate fragmentation through collision-
induced dissociation channels. The resulting pathways are critically determined by the
multidimensional potential energy surfaces (PES) that serve as the energetic landscape guiding nuclear
motion. The PES encodes the electronic energy of a molecular system as a function of nuclear
coordinates and thereby establishes the mechanistic foundation for both reactive and non-reactive
scattering events.

The fragmentation of inorganic molecules under inelastic scattering conditions exhibits
distinctive characteristics compared to organic molecular dissociation. Inorganic species frequently
involve metal centers with partially filled d- or f-orbitals, variable oxidation states, spin-crossover
tendencies, and strong spin—orbit couplings. These attributes generate intricate PES networks with
multiple electronic surfaces, avoided crossings, and conical intersections. Consequently,
fragmentation becomes contingent not only on excess internal energy but also on the efficiency of
non-adiabatic transitions between coupled surfaces. Such multi-surface dynamics often invalidate
purely adiabatic descriptions and instead require theoretical treatments that integrate electronic-
structure calculations with quantum or semi-classical scattering methodologies. The interdisciplinary
significance of inelastic scattering fragmentation is underscored by its diverse applications across
atmospheric and astrochemical chemistry, plasma-driven material synthesis, high-temperature
inorganic reaction kinetics, and mass spectrometric diagnostics. In atmospheric and interstellar
environments, collision-induced fragmentation controls the formation and depletion of transient
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inorganic radicals and clusters. In low-pressure plasmas and ion—molecule reactors, fragmentation
pathways govern reactive etching and deposition processes central to semiconductor fabrication. In
laboratory-based spectroscopies, scattering-induced bond dissociation contributes to molecular
identification through mass fragmentation signatures. Across these domains, the predictive power of
PES-based scattering theory remains essential for connecting microscopic energy transfer to
macroscopic chemical transformations.

From a theoretical standpoint, the quantitative treatment of inelastic scattering fragmentation
requires simultaneous consideration of electronic-structure accuracy, PES dimensionality, and nuclear
dynamical evolution. The PES determines the forces acting on nuclei during and after collision, while
dynamical theories determine how those forces manifest as excitation, quenching, or dissociation.
Analytical and computational approaches such as multireference configuration interaction (MRCI),
coupled-cluster methods, complete active space self-consistent field (CASSCF), and density
functional theory (DFT) are routinely employed to compute stationary points and surface topologies.
These electronic-structure data are subsequently incorporated into scattering formalisms including
quantum wavepacket propagation, classical and semiclassical trajectory simulations, and mixed
quantum—classical surface-hopping algorithms that enable treatment of non-adiabatic effects. For
inorganic systems, a key requirement is the representation of multiple electronic surfaces with
appropriate spin and symmetry restrictions, as fragmentation channels may lie on excited or
electronically correlated PES branches.

While scattering phenomena have been studied extensively for diatomic and triatomic systems,
fragmentation of polyatomic inorganic molecules and clusters introduces substantial complexity due
to high-dimensional PES and multiple competing dissociation pathways. Internal vibrational
redistribution (IVR), rotational-vibrational coupling, and mode-specific energy flow influence
whether excitation remains localized or becomes delocalized prior to bond rupture. Fragmentation
selectivity is thus a sensitive function of PES topography, particularly saddle-point energetics and
intersurface couplings that define the connectivity between reactant basins and product channels.
Theoretical frameworks capable of resolving these subtleties are essential for predicting branching
ratios and identifying dominant mechanistic routes during inelastic collision events.

Despite substantial progress in computational chemistry and reaction dynamics, the detailed role
of PES topology in governing inelastic scattering fragmentation of inorganic molecules remains
insufficiently characterized. Existing studies often address either PES computation or scattering
dynamics in isolation, neglecting the interdependence between electronic landscape and dynamical
outcomes. Moreover, much of the fragmentation literature focuses on organic systems or mass-
spectrometric ion chemistry, leaving a gap in the systematic treatment of neutral or weakly bound
inorganic species under non-equilibrium collisional excitation. The present work aims to address these
gaps by conceptually integrating electronic-structure-based PES exploration with dynamical
scattering considerations to yield mechanistic insight into fragmentation pathways.

In this research-article style analysis, we construct representative PES features, scattering
trajectories, and dissociation channels for selected inorganic molecular systems without relying on
empirical datasets. The intent is not to reproduce quantitative energetics but to elucidate how PES-
driven inelastic excitation mediates fragmentation and how non-adiabatic transitions enable access to
otherwise forbidden channels. The implications of this analysis extend to multiple applied domains
where inorganic scattering and fragmentation processes are operative. The resulting framework
underscores the necessity of multi-surface descriptions and highlights promising avenues for future
investigations in theoretical scattering dynamics and inorganic reaction chemistry.

2. Theoretical Framework:
2.1 Potential Energy Surfaces (PES)

Potential energy surfaces (PES) provide a multidimensional representation of the electronic
energy of a molecular system as a function of nuclear coordinates. For a nonlinear molecule composed
of N atoms, the PES exists in a 3N— 6 dimensional space, where each dimension corresponds to an
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independent internal degree of freedom associated with bond lengths and angles. Critical points on
the surface minima, saddle points, and maxima represent stable geometries, transition states, and high-
energy barriers, respectively. Fragmentation following inelastic scattering occurs when the system is
driven over energy barriers along specific reaction coordinates, typically traversing saddle points
connecting reactant and product basins.

In inorganic molecules, PES topology is often complex due to multiple electronic states arising
from d- and f-orbital participation, spin orbit coupling, and electronic degeneracies. These factors
generate avoided crossings and conical intersections, necessitating multi-surface theoretical
treatments. Adiabatic PES describe energy profiles along a single electronic state, whereas diabatic
PES facilitate modeling of non-adiabatic transitions, such as surface hopping, which are critical for
accurately predicting fragmentation outcomes.

2.2 Inelastic Scattering Theory

Inelastic scattering refers to collisions in which kinetic energy is partially converted into internal
energy, such as vibrational, rotational, or electronic excitation. The dynamics are described by the
time-dependent or time-independent Schrodinger equation:

H"Y =EY¥

where H” is the molecular Hamiltonian incorporating nuclear kinetic energy, potential energy
derived from the PES, and electronic contributions. Scattering observables including differential
cross-sections, energy-resolved probabilities, and angular distributions can be calculated using
coupled-channel methods, wavepacket propagation, or semi-classical trajectory simulations. For
fragmentation studies, inelastic scattering must account for vibrational and rotational excitation,
electronic transitions, and charge-transfer events. Trajectory-based methods, such as quasi-classical
trajectory (QCT) simulations and surface-hopping algorithms, approximate nuclear motion along PES
gradients to analyze energy redistribution and bond cleavage pathways.

2.3 Fragmentation Mechanisms in Inorganic Molecules

Fragmentation mechanisms in inorganic systems are determined by PES topology and electronic
structure. Common pathways include:

1. Direct Dissociation: Bond cleavage occurs immediately following collision if sufficient
energy is deposited along a bond coordinate.

2. Statistical Fragmentation: Energy is redistributed among internal modes before bond
rupture, resulting in delayed dissociation.

3. Charge-Induced Fragmentation: Electron transfer or ionization produces Coulombic
repulsion, driving bond cleavage.

4. Spin-Forbidden Fragmentation: Fragmentation requires transitions between surfaces of
different spin multiplicity, facilitated by spin orbit coupling.

Bond selectivity, product branching and energy partitioning are thus intimately connected to
PES features, including barrier heights, saddle-point connectivity and inter-surface couplings.

2.4 Non-Adiabatic Transitions and Surface Crossings

Non-adiabatic transitions occur when the Born-Oppenheimer approximation breaks down,
particularly near regions of PES degeneracy or avoided crossings. Conical intersections and seam
crossings enable transitions between electronic states, significantly affecting fragmentation
probabilities. Mixed quantum-classical approaches simulate these effects by evolving electronic states
according to the time-dependent Schrédinger equation while nuclear motion follows classical or
semiclassical trajectories. Surface-hopping schemes, such as Tully’s fewest-switches algorithm,
provide a computationally efficient framework for modeling such transitions.

In inorganic molecules, multi-surface effects are pronounced in systems with multiple low-lying
electronic states, transition-metal centers, or polyatomic clusters. Accurate representation of these
phenomena is critical for predicting energy-dependent fragmentation channels and mechanistic
pathways.
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3. Methodology:

This section describes the conceptual framework and computational strategies employed to
explore potential energy surfaces (PES) and inelastic scattering fragmentation in inorganic molecules.
As this is a research-article style study without numerical datasets, all methodologies are presented as
representative theoretical approaches.

3.1 Electronic Structure Calculations for PES Exploration

The accurate determination of PES topologies requires high-level electronic-structure methods.
Commonly employed approaches include:

e Density Functional Theory (DFT): Provides approximate but computationally efficient
energies and geometries; suitable for large inorganic clusters.

e Coupled-Cluster Methods (CCSD(T)): High-accuracy single-reference methods, capturing
correlation effects critical for bond dissociation pathways.

e Multireference Configuration Interaction (MRCI): Accounts for near-degeneracy in excited
states, important for non-adiabatic transitions.

e Complete Active Space Self-Consistent Field (CASSCF): Used for systems with multiple
electronic surfaces; provides reference wavefunctions for subsequent dynamic simulations.

These methods allow identification of stationary points (minima, saddle points and conical
intersections) and mapping of energy barriers that govern fragmentation mechanisms.

3.2 PES Mapping and Topological Analysis
PES mapping involves:

1. Grid-based sampling of nuclear coordinates to generate energy landscapes.

2. Optimization of stationary points to identify minima and transition states.

3. Frequency analysis to confirm the nature of critical points (real frequencies for minima, one
imaginary frequency for saddle points).

4. Surface interpolation to visualize pathways connecting reactants to fragments.

Topological analysis identifies reaction coordinates that guide bond cleavage and energy
redistribution during inelastic collisions.

3.3 Scattering Trajectory Simulations

Trajectory-based simulations model nuclear motion along PES gradients to approximate
inelastic scattering dynamics. Approaches include:

e Quasi-classical Trajectories (QCT): Classical propagation of nuclei, energy assigned using
semiclassical quantization rules.

o Surface-Hopping Methods: Mixed quantum-classical approach where nuclei move classically
on PES, and electronic state transitions are allowed probabilistically based on non-adiabatic
couplings.

o Wavepacket Propagation: Quantum treatment of nuclear motion, capturing interference and
tunneling effects.

Trajectories are initiated with energy distributions representing inelastic collisions, and energy
flow to internal modes is tracked to infer fragmentation likelihood.

3.4 Fragmentation Channel Identification

Fragmentation channels are conceptually identified based on PES features and trajectory
outcomes:

1. Bond-specific energy thresholds: Fragments form if deposited energy exceeds the
corresponding bond dissociation energy.

2. Saddle-point connectivity: Trajectories passing through saddle points lead to well-defined

product channels.

Non-adiabatic transitions: Surface crossings open alternative fragmentation pathways.

4. Internal energy redistribution: Energy partitioning among vibrational and rotational modes
influences the branching ratios of fragments.

[98)
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Table 1: Representative Methods for PES and Fragmentation Analysis

Method Accuracy Computational | Non-Adiabatic | Suitable System
Cost Capability Size
DFT Moderate Low No Large clusters
CCSD(T) High High Limited Small to medium
Small clusters,
MRCI Very High Very High Yes multi-state
systems
CASSCF Yes Systems with
High High strong near-
degeneracy

Table 1 summarizes common theoretical approaches, highlighting their relative accuracy, cost, and
suitability for PES exploration and fragmentation studies.
Diagram 1: Workflow of PES Exploration and Inelastic Scattering Fragmentation in
Inorganic Molecules

Electronic Structure Calculation

.

PES Mapping & Topology Analysis

U

Trajectory Simulation /
Scattering Dynamics

& ‘ =4
(@ N
Non-Adiabatic Transitions /

Surface Hopping )
) d
~ N

Fragmentation Channel
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4. Results and Analysis (Model Systems):

This section presents the conceptual results of potential energy surface (PES) exploration and
inelastic scattering fragmentation for selected inorganic molecular systems. Although no numerical
simulations are reported, the analysis demonstrates the mechanistic pathways and energy flow inferred
from PES topology and theoretical scattering considerations.

4.1 Selected Inorganic Molecular Systems

Representative inorganic molecules are chosen to illustrate PES features and fragmentation
pathways. These include:

e Diatomic and triatomic species: MO, MX: (M = transition metal, X = halogen or oxygen)
e Small clusters: M20O,, MsX,, (n = 1-3)
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e Transition-metal complexes: [M(L):], where L is a small ligand
These systems exhibit multi-surface interactions, spin-orbit coupling, and d/f-orbital
participation, making them ideal conceptual models for studying inelastic scattering-induced
fragmentation.
4.2 PES Topography and Critical Points
The PES for these model systems shows:
e Minima: Corresponding to stable geometries of the molecule or cluster
e Saddle points: Connecting reactant and product basins; define energy barriers for bond
cleavage
o Conical intersections / avoided crossings: Enable non-adiabatic transitions between

electronic states
Diagram 2: Conceptual PES Map: Inelastic Energy Transfer and Fragmentation Pathways

Conceptual PES Map: Inelastic Energy
Transfer and Fragmentation Pathways
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4.3 Inelastic Scattering Pathways
e Collisions deposit energy along specific vibrational or rotational modes.
o Energy redistribution depends on PES gradients and connectivity between minima and
saddle points.
o Pathways include:
1. Direct bond dissociation
2. Sequential fragmentation through intermediate complexes
3. Non-adiabatic transitions accessing alternative electronic surfaces
Observation: Even slight variations in PES topology can alter branching ratios of fragments,
highlighting the importance of detailed surface mapping.
4.4 Fragmentation Channel Analysis
o Each model system exhibits multiple conceptual fragmentation channels, determined by:

o Bond strengths
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o Barrier heights along reaction coordinates
o Non-adiabatic coupling probabilities
Table 2: Conceptual Fragmentation Channels vs PES Features

. Non- Dominant
Molecule / Cluster K(?]’ gon(;ls Sa(]iz(:llerPomt Adiabatic Fragment
cave erey Influence Products
MO M-O Medium Low M+O
MXe M-X High Medium MX + X
. . Mz + Oz or
M:0: M-O Medium High MO + MO
. . Ms + X5 or
M5Xs M-X Very High High MLX + MX

Diagram 3: Fragmentation Pathways Schematic
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5.Theoretical Model:

This section presents a conceptual theoretical model integrating potential energy surfaces (PES),
inelastic scattering dynamics, and fragmentation pathways in inorganic molecules. The model
provides a mechanistic understanding of how energy deposited during collisions is redistributed
among internal degrees of freedom and how this redistribution governs bond cleavage and product
formation.

5.1 Conceptual Framework
The model is based on the following principles:
1. PES-Driven Dynamics:
o Molecular motion during inelastic scattering is governed by the PES.
o Minima represent stable configurations, while saddle points define energy barriers for
fragmentation.

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 20




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

o Conical intersections and avoided crossings allow non-adiabatic transitions between
electronic states.
2. Energy Redistribution Mechanism:
o Translational energy from collisions is converted into vibrational, rotational, and
electronic energy.
o Internal vibrational redistribution (IVR) determines whether energy remains localized
or spreads among multiple modes.
o Energy localization along specific bond coordinates leads to selective bond cleavage.
3. Fragmentation Channel Determination:
o Channels are defined by bond dissociation energies, barrier heights, and non-adiabatic
couplings.
o Sequential vs direct fragmentation is determined by PES connectivity and energy flow.
o Multi-surface interactions may enable alternative fragmentation pathways inaccessible
in a purely adiabatic model.
5.2 Conceptual Model Representation
Equation Formulation:
H"Y (R,r)=[T*n (R) +tH"e (r ; R)] ¥ (R,r) =E¥ (R, 1)
Where:
o H” =total molecular Hamiltonian
e T”n (R) = nuclear kinetic energy operator
e H”e (r; R) = electronic Hamiltonian depending parametrically on nuclear positions R
e Y(R, r) =total wavefunction
o E =total energy of the system
This equation forms the basis for PES exploration and trajectory simulations, linking energy
deposition to fragmentation outcomes.
5.3 Schematic Diagram of the Model

Conceptual Model Linking PES, Inelastic
Scattering, and Fragmentation Pathways

Collision / Energy Deposition

Exploration ; Products

Reactant /; :‘}h e O { Fragmer\tationJ

Fragment
AB + C

Reactant
Molecule

\ PES Refinement = .’-:.T’
¥ (Optional) & '
J o Fragment
é) ?\ Non-Adiabatic A%BC
Sr =~ K ¥ Surface Crossing Y
. pes -

(@@ Reactant Molecule

(1) Collision / Energy Deposition
() Trajectory/ PES Exploration
(@@ Non-Adiabatic Surface Crossing

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 21




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

5.4 Discussion

The theoretical model outlined in this study provides a comprehensive framework linking
potential energy surfaces (PES), inelastic scattering dynamics, and fragmentation pathways of
inorganic molecules. The discussion below elaborates on the key insights, mechanistic implications,
and broader relevance of this conceptual framework.

5.4.1 PES Topology as a Determinant of Fragmentation

One of the central insights from the model is that the topology of the PES critically governs
molecular fragmentation. Minima on the PES represent energetically stable configurations, which are
most likely to be populated under thermal conditions. Saddle points, in contrast, represent transition
states or energy barriers that must be overcome for bond cleavage. The height and orientation of these
barriers along specific reaction coordinates directly influence which bonds break first and the relative
probabilities of competing fragmentation pathways. Minor perturbations in the PES, caused by
environmental effects, isotopic substitution, or electronic state changes, can significantly alter the
branching ratios of fragmentation products. This highlights the sensitivity of molecular dissociation
to the fine details of the PES, making accurate mapping of these surfaces essential for predictive
modeling.

5.4.2 Role of Non-Adiabatic Transitions

Non-adiabatic transitions, facilitated by conical intersections and avoided crossings, provide
alternative routes for energy flow that are inaccessible within a purely adiabatic framework. In
inorganic molecules, especially those containing transition metals or multiple low-lying electronic
states, these transitions are highly relevant. They allow the molecule to traverse regions of the PES
that connect otherwise disconnected product channels, thereby enabling fragmentation pathways that
would be energetically forbidden in a single-surface model. The presence of spin-orbit coupling or
electronic degeneracy further enhances the likelihood of non-adiabatic transitions, making them
critical to understanding real-world molecular fragmentation in collision processes.

5.4.3 Energy Flow and Fragmentation Selectivity

The redistribution of energy following an inelastic collision is another critical factor determining
fragmentation outcomes. Translational energy from the collision is converted into internal vibrational,
rotational, and electronic energy. Internal vibrational redistribution (IVR) governs whether this
energy is localized along specific bonds or spreads across multiple vibrational modes. Bonds along
which energy is concentrated are more likely to undergo cleavage, resulting in selective fragmentation.
The efficiency of IVR and the alignment of reaction coordinates with the PES gradient thus influence
whether fragmentation occurs via direct dissociation or sequential pathways involving intermediate
species. This understanding provides a mechanistic basis for controlling product distributions in
experimental setups or chemical synthesis involving collision-induced dissociation.

5.4.4 Branching Ratios and Competing Pathways

The model illustrates that branching ratios of fragments are determined not solely by bond
strengths but also by the relative orientation of saddle points, energy redistribution rates, and
accessibility of non-adiabatic surfaces. For example, two bonds with similar dissociation energies may
exhibit different probabilities of cleavage due to the difference in barrier heights or proximity to
conical intersections. This explains why seemingly minor changes in the PES or collision conditions
can lead to substantial shifts in product distributions. The theoretical framework can thus be used to
rationalize and predict experimental observations in gas-phase fragmentation or mass spectrometry
studies.
6.Practical Relevance and Recommendations:

This section discusses the implications of the theoretical model, offering guidance for
experimentalists, computational chemists, and researchers studying inelastic scattering and
fragmentation in inorganic molecules.

6.1 Implications for Experimental Studies
1. Design of Collision Experiments:
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o The conceptual PES and fragmentation model can guide experimentalists in designing
collision energy ranges to favor desired fragmentation channels.
o Insights into energy redistribution suggest that targeting specific vibrational modes may
improve selectivity in fragmentation products.
2. Mass Spectrometry and CID Applications:
o Understanding the PES topology and non-adiabatic transitions enables prediction of fragment
ions in collision-induced dissociation (CID) experiments.
o Theoretical predictions of branching ratios and sequential vs direct fragmentation can optimize
mass spectrometric detection and interpretation.
3. Control of Reaction Pathways:
o The model allows experimentalists to identify critical reaction coordinates and barriers that
govern bond cleavage.
o This knowledge can be used to influence reaction outcomes by controlling collision angles,
energies, or external fields.
6.2 Recommendations for Computational Studies
1. High-Level PES Mapping:
o Accurate mapping of PES minima, saddle points, and conical intersections is crucial.
o Multi-reference methods (MRCI, CASSCF) are recommended for systems with near-
degenerate electronic states.
2. Trajectory-Based Simulations:
o Quasi-classical trajectory (QCT) and surface-hopping methods should be employed to model
energy flow and fragmentation probabilities.
o Incorporating non-adiabatic transitions ensures a more realistic prediction of fragmentation
outcomes.
3. Integration of Theory and Experiment:
o Computational models can complement experimental collision studies, providing insights
into inaccessible PES regions and alternative fragmentation pathways.
o This integrated approach reduces trial-and-error in experiments and enhances mechanistic
understanding.
6.3 Broader Scientific Relevance
1. Astrochemistry and Atmospheric Chemistry:
o The model can predict fragmentation of small inorganic molecules in interstellar or
atmospheric conditions.
o Understanding energy redistribution and non-adiabatic effects can explain formation or
dissociation pathways of key molecular species.
2. Plasma and High-Energy Chemistry:
o Insights into energy-dependent fragmentation are applicable in plasma chemistry, where
molecules experience high-energy collisions.
o The model aids in predicting dominant dissociation channels and product distributions.
3. Molecular Design and Synthesis:

o Knowledge of PES features and energy redistribution can guide the design of molecules with

targeted stability or controlled dissociation.

o Useful in inorganic cluster synthesis, catalysis, and materials chemistry.

7. Conclusion:

This study presents a comprehensive conceptual framework for understanding inelastic
scattering-induced fragmentation in inorganic molecules, integrating potential energy surface (PES)
exploration, trajectory-based simulations and non-adiabatic transition analysis. The results
demonstrate that PES topology—including minima, saddle points, and conical intersections—plays a
central role in determining which bonds are most likely to break and the energy barriers along
fragmentation pathways. Non-adiabatic transitions allow access to alternative dissociation channels
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that would be inaccessible in a purely adiabatic model, while the efficiency of internal vibrational
redistribution (IVR) governs whether fragmentation occurs via direct bond cleavage or sequential
pathways through intermediate structures. Analysis of representative model systems highlights how
these factors collectively influence branching ratios and product distributions, providing mechanistic
insights into molecular dissociation. The framework also offers practical guidance for experimental
design, computational modeling, and interpretation of collision-induced dissociation, plasma
chemistry, and astrochemical processes. Overall, this study establishes a mechanistically grounded,
conceptual model that not only deepens our understanding of fragmentation in inorganic molecules
but also provides a foundation for future theoretical and experimental investigations aimed at
predicting and controlling reaction outcomes.
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Abstract

The real estate industry in urban India, particularly in emerging metropolitan regions like Pune,
has experienced a significant transformation over the last two decades. This research paper explores
the evolution of business development practices adopted by real estate developers, with a specific
focus on the Pune Metropolitan Region (PMR). Through an extensive review of literature, the study
identifies key shifts from traditional land-centric approaches to modern, technology-driven, and
sustainability-focused strategies. The findings reveal how developers have adapted to changing
market dynamics, government policies, infrastructure growth, and consumer expectations. By
analyzing these developments across five distinct phases (2000-2025), the paper offers a
comprehensive understanding of how urban real estate business models have matured. This literature-
based analysis not only highlights emerging trends but also provides a strategic framework for future
development practices in similar urban settings.

Keywords: Urban Real Estate, Business Development, Pune Metropolitan Region, Real Estate
Trends, Infrastructure-Led Growth, Sustainability, Digital Transformation, Smart Cities, RERA,
Literature Review

1. Introduction

The real estate sector in India has undergone significant transformations in the last two decades,
with urban centers like Pune becoming hotbeds of innovation and expansion. Business development
in real estate has evolved from traditional land banking and manual project management into a
sophisticated blend of digital marketing, sustainable building, and integrated infrastructure-led
growth. Pune Metropolitan Region (PMR), being one of the fastest-growing urban hubs, serves as a
prime case for studying how business development practices in real estate have evolved. This research
paper explores the literature available on the changing paradigms in business strategies used by real
estate developers in PMR and presents a timeline-based synthesis of these transitions.

Pune—already one of India’s fastest-growing metros—has experienced remarkable shifts in its
real estate landscape driven by infrastructural improvements, urban migration, and evolving buyer
preferences. Developers in this dynamic environment continually adapt their strategies to stay
competitive. This paper critically reviews the extant literature to identify and analyze the key business
development practices adopted by real estate developers in the Pune Metropolitan Region (PMR).

2. Literature Review

Early literature on real estate development emphasized land acquisition and construction
management as central to growth (Patil, 2002; Singh, 2005). However, from the mid-2000s, there was
a marked shift due to economic liberalization, the IT sector boom, and urbanization in cities like Pune
(Shah & Gupta, 2010).

By 2010, scholars began focusing on technology adoption and infrastructure-led development
as the new business norm (Deshmukh, 2012; Nair, 2013). Transit-oriented developments, especially
after announcements of the Pune Metro, prompted location-centric strategies (Joshi, 2017).

Recent studies show developers now integrating sustainability measures and customer-centric
marketing, using tools like AR/VR for property tours, digital CRM systems, and ESG compliance for
long-term brand building (Mehta, 2020; Kolhe & Dighe, 2022). The COVID-19 pandemic accelerated
the shift toward digital-first business models.
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2.1. Infrastructure-Led Growth and Transit-Oriented Investment
Infrastructure enhancements such as the metro system, ring roads, and improved connectivity
have spurred residential and commercial activations in areas like Baner, Wakad, Hinjawadi, Kharadi,
Viman Nagar, Yerawada, and Kharadi JLLThe Times of India. Moreover, PMR is being positioned
as a national growth hub, bolstering job creation and investment attractiveness The Times of India.
Developers strategically position projects in these high-connectivity zones.
2.2. Creating Cultural Resonance Through Design
Pune’s deep-rooted cultural fabric influences developers to incorporate community-building
spaces (courtyards, temples, amphitheaters), traditional architectural elements (jharokhas, carvings),
and spiritual design considerations (pooja rooms, Vastu orientation) into projects, blending heritage
with contemporary living Kumar World.
2.3. Mixed-Use and Lifestyle Ecosystems
Developments such as Magarpatta township—combining residential, retail, institutional, green
space, and healthcare components—exemplify integrated urban ecosystems Wikipedia. Millennium
Towers similarly illustrates an office environment prioritizing experiential value, smart infrastructure,
communal amenities, and sustainability within a cohesive live-work-play model The Economic
Times.
2.4. Sustainability and Eco-Conscious Infrastructure
The revival of traditionally green architecture (e.g., courtyards for ventilation) along with
modern eco-practices—rainwater harvesting, solar installations, energy-efficient systems—reflect
developers’ commitment to environmental stewardship and efficient resource use Kumar WorldJLL.
2.5. Flexible and Shared Spaces: Co-Living & Co-Working
Literature notes an emerging preference among millennials and start-ups for co-living and co-
working formats that offer affordability, flexibility, and camaraderie. These are especially apparent in
zones like Baner, Koregaon Park, and Viman Nagar Snehil Yadav.
2.6. Industrial & Commercial Real Estate Upgradation
Pune has risen to lead India’s industrial real estate growth, backed by a surge in Grade A stock,
robust leasing absorption, and strong demand from manufacturing, automotive, engineering, and
global OEMs The Financial Express. Commercial developers prioritize large-scale campuses and
high-grade facilities to attract multinational and institutional tenants RP Realty Plus.
3. Research Methodology
This paper employs a qualitative literature review methodology, sourcing:
e Peer-reviewed journals from platforms like JSTOR and Elsevier
e Reports from real estate consultancies (e.g., Knight Frank, JLL)
e Articles from national news media (e.g., Times of India, Economic Times)
e Government and regulatory websites (e.g., RERA, UDCPR)
e Timeframe: 2000 to 2025
e Region of Focus: Pune Metropolitan Region (PMR)
Data is compiled, thematically categorized, and represented using a graph and a timeline-based
table for clarity.
4. Results and Analysis
The literature reviewed reveals a clear and structured evolution in the business development
practices adopted by real estate developers in the Pune Metropolitan Region (PMR). This evolution is
primarily influenced by urbanization, infrastructure development, policy changes, technological
advancements, and shifting consumer preferences. The key results and insights from the analysis are
presented below:
4.1. Key Phases of Evolution
Based on the literature, the evolution of business practices in Pune’s urban real estate can be
categorized into five major phases:
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Phase Time Primary Business Focus Driving Force
Period

Phase 2000-2005 Land acquisition and basic Urban sprawl, limited regulation
1 construction

Phase 2006-2010 Infrastructure-led growth IT boom, connectivity
2 improvements

Phase 2011-2015 Technology integration Real estate digitization, CRM tools
3

Phase 2016-2020 Sustainability and green building Environmental concerns, market
4 practices awareness

Phase 2021-2025 Digital-first and customer-centric COVID-19 impact, buyer
5 models expectations

Graphical Representation of Trends

The line graph below illustrates the growing importance of various business development focus
areas over time in Pune's real estate sector:

Graph Title: Evolution of Business Development Practices in Pune Real Estate (2000-2025)

Evolution of Business Development Practices in Pune Real Estate (2000-2025)
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A detailed table presents business development transitions in Pune across five key periods:
From 2000 to 2005, the focus was on land acquisition and holding. Between 2006 and 2015,
developers pivoted to leveraging Pune's IT and education hubs with infrastructure-focused projects.
From 2016 onwards, green buildings, smart homes, and digital engagement have defined new-age
practices.

5. Evolution of Business Development Practices in Urban Real Estate

The urban real estate sector has undergone a remarkable transformation over the past few
decades. Business development practices in this domain have evolved significantly, shaped by
changing market dynamics, technological advancements, regulatory frameworks, and consumer
preferences. The evolution can be broadly understood through the following phases:

The evolution of business development practices in urban real estate refers to how real estate
developers have changed the way they plan, build, promote, and sell their properties over time. These
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changes are often influenced by economic trends, government policies, technological advancements,
and consumer preferences.
Below is a clear explanation broken into different phases:
1. Early Phase: Land Acquisition and Basic Construction (Before 2005)
e Focus: Acquiring land cheaply and constructing basic housing units.
o Business Practice: Developers focused on acquiring large land parcels on the city’s outskirts,
often without much concern for long-term planning.
e Sales Method: Properties were sold mostly through local brokers and newspaper ads.
o Challenges: Lack of regulations, poor infrastructure, and limited transparency.
2. Infrastructure-Led Development (2006-2010)
o Focus: Tapping into areas near upcoming roads, IT parks, and industrial zones.
o Business Practice: Real estate projects were developed based on proximity to job hubs and
transportation corridors.
o Example (Pune): Developers targeted areas like Hinjewadi and Kharadi due to the IT boom.
o Shift: Builders began collaborating with urban planners and local authorities.
3. Technology and Innovation Phase (2011-2015)
e Focus: Improving internal operations and customer services using technology.
o Business Practice: Use of CRM systems, ERP for construction tracking, online property
listings, and virtual tours started becoming common.
e Result: Better communication with buyers, smoother project execution, and increased investor
interest.
4. Sustainability and Green Building Movement (2016-2020)
e Focus: Eco-friendly development to meet environmental standards and market demand.
o Business Practice: Incorporation of rainwater harvesting, solar panels, green building
certification (like IGBC), and energy-efficient design.
o Reason: Buyers became more aware of environmental issues and long-term savings.
5. Post-Pandemic Digital Transformation (2021-2025)
o Focus: Adopting digital-first approaches and smart technologies.
Business Practice:
Online sales portals and digital signatures
Virtual reality (VR) property tours
Use of Al, data analytics, and automation
Focus on health and safety in building design
In Pune: Developers now offer mobile apps, chatbots for customer queries, and online
booking options.
Key Drivers of Evolution:

e O O O O

Driver Impact on Business Development

Urbanization Increased demand for organized residential spaces
Government Policies RERA, GST, Smart Cities Mission changed operations
Technology Improved customer experience and backend processes
Customer Expectations Shift from just housing to lifestyle experiences

Environmental Awareness Demand for green and sustainable projects
In Summary:

The evolution of business development in urban real estate is a journey from manual, location-
based selling to strategic, technology-driven, customer-centric approaches. In cities like Pune,
this change is visible in the rise of smart townships, co-living spaces, integrated developments, and
green-certified buildings.

1. Traditional Sales and Marketing Approach (Pre-1990s)

In the early stages, urban real estate development relied heavily on local networks and word-of-

mouth promotion. Developers primarily used personal relationships, small-scale advertisements in
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newspapers and brokers to sell residential and commercial properties. Business development was
largely transactional, focused on closing deals rather than creating long-term customer relationships.
Key Characteristics:

o Limited marketing strategies

e Heavy reliance on brokers and agents

o Transactional sales approach

e Minimal market research
2. Institutionalization and Branding (1990s — Early 2000s)

As urbanization accelerated, cities experienced rapid population growth, increasing demand for
organized housing and commercial spaces. Developers began to adopt formal business development
strategies, emphasizing branding, professional marketing, and structured sales processes. Real estate
exhibitions, advertisements in media and partnerships with banks for home loans became common.
Key Developments:

o Emergence of real estate branding

e Professional marketing and advertising campaigns

e Introduction of real estate exhibitions and fairs

o Collaborations with financial institutions for customer financing
3. Customer-Centric and Technology-Driven Practices (2005 — 2015)

The mid-2000s marked a significant shift towards customer-focused strategies. Developers
started using market research and customer feedback to design projects. The use of digital tools, online
portals and project websites allowed potential buyers to access detailed information. CRM (Customer
Relationship Management) systems began to play a key role in nurturing leads and managing sales
pipelines.

Key Practices:
e Use of online portals and digital marketing
e Focus on customer needs and preferences
e CRM systems for lead management
e Pre-launch bookings and loyalty programs
4. Integrated and Data-Driven Business Development (2015 — Present)

In recent years, urban real estate has embraced highly sophisticated business development
strategies. Data analytics, Al, and digital marketing platforms have transformed how developers
understand market trends and customer behavior. Business development is now not only about sales
but also about creating long-term relationships, offering post-sale services, and enhancing the overall
customer experience.

Emerging Trends:
o Big data and analytics to predict buyer preferences
e Social media marketing and influencer partnerships
o Virtual reality (VR) and augmented reality (AR) for property visualization
o Integrated services including property management, maintenance, and community
engagement
5. Sustainability and Smart Urban Development (Future Outlook)

The future of urban real estate business development is expected to be heavily influenced by
sustainable and smart city initiatives. Developers will increasingly focus on eco-friendly buildings,
energy-efficient solutions and technology-driven smart infrastructure. Business development
practices will involve collaboration with urban planners, smart city authorities and tech companies to
meet evolving consumer and regulatory demands.

Expected Focus Areas:
e Sustainable and green building practices
e Smart technology integration (IoT, Al, smart homes)
e Community-oriented development
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e Long-term relationship management and customer retention
6. Conclusion
Business development in Pune’s real estate industry has seen a progressive evolution—shifting
from passive land holding to active digital engagement and sustainability-driven growth. Real estate
developers are no longer just builders but holistic solution providers aligned with urban needs,
environmental consciousness, and buyer preferences. Literature shows that Pune continues to be a
national benchmark for adopting forward-thinking business strategies in real estate.
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Digital Libraries In The Era of Information Technology
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D. Badhe

Abstract —

Now a days Information Technology have its major impact on society. Due To rapid change
Libraries also entered in new trends like Digital Libraries a new format of today’s era. Which is useful
to solve the users need of the users. So the Digital Libraries are the giving more information to the
users within the given time period. Digital Libraries are the Revolution in the Information Technology.
Key Words - Digital Libraries, Dublin Core Meta Deta, Information Technology, D-Space
Introduction —

Change is the essential component of the life. All the changes are due to revolution and the
innovations. Libraries were also going through the changing situation Traditional Libraries to Digital
Libraries. Day by day changes are reflecting its effect on society. The changing concept of the library
time to time is having less difference, but the ultimate objective of the libraries is to give right
information to the right user, at the right time. Digital Library is the systematically method created by
digital technologies and dispose of it by way of a variety of different method usable for use with digital
literature collection routes. So ‘Digital Libraries are incarnation of the library.

Creation of Digital Library —

While building the digital Library main task is collection of digital material as per need of the
user, and for better use of this material the metadata should be create by OCLC Catalogue. This digital
collection should be collect from the browsers.

Creation of Digital Objects

Though Printed and Originally Born digital Material Literature is transformed in digitized form
for the purpose of reading.
Stock Selection —

Metadata is the process of the collection of huge data by means of electronic instrument where
information is provided in electronic language. Dublin core is one of the best metadata. Such a
Metadata avoid illegal information and provide genuineness

Digital Library collects and store the material which is useful for the Today’s and the readers of
the future. All the Librarians and researcher were involve in the collection . It is Ideal Model of Digital
Library.

Steps in Digitaization —
e Scanning -
Scanning should be done first to transform the literature
e Transformation —
The available literature then transformed to digitized form.
e OCR
Later the images of printed pages turned in to the digital form. Greenstone Library and D-space
are the program are used to complete such work.
Features —
e The Digital Library ware serving for the user everywhere not for particular space. Internet
connection is responsible for the success rate of it.
The service of the Digital Library is available twenty four hours for the users.
Any of the user can access the different type of information at a time.
Many of the user can access the same information at same time from their location.
There will be exact information at any time needed by the users.
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e Digital Library overcomes the Problem of Space in traditional Library.
Conclusion —

Information Technology have its major impact on society. Due To rapid change Libraries also
entered in new trends like Digital Libraries a new format of today’s era. Which is useful to solve the
users need of the users. So the Digital Libraries are the giving more information to the users within
the given time period.

The Digital Library ware serving for the user everywhere not for particular space. Internet
connection is responsible for the success rate of it.

The service of the Digital Library is available twenty four hours for the users. Any of the user
can access the different type of information at a time. Many of the user can access the same
information at same time from their location. There will be exact information at any time needed by
the users. Digital Library overcomes the Problem of Space in traditional Library.

References —

1. Bainbridge, D; Buchanan, G;Mephorson, Jones, S; Mahoui, A Witten, [.H. Greenstone: A Platform
for distrivutede digital library application. In prceeding of 5 European Conference on ‘research and
advanced Technology for Digital Libraries 2001.pp. 137-48

2. Chaudhary, Gobinda. From digital libraries to digital reservation research . The importance of users
and context type: Literature review. Journal of Documentation. 2010, 66(2), 207-23

3. Kumar Sampath B.y. Kumar, G.T. Perception and uses of e-resources and the internet by Indian
academics. The Electronic Library2010, 28(1), 137-56

4. RLG/OCLC Working group on Digital Archive Attributes. Trusted digital respositories: Attributes
and responsibilities. Mountain View, CA,2002.

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 32




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

Population Characteristics and Spatial Inequality in Economic
Livelihoods of Nashik District: A Geographical Analysis

Mr. Suresh Ragho Pagar,
Dr Prin. Nikam Subhash Namdeo

M.S.G Arts, Science and Commerce College (Autonomous) Malegaon Camp

Abstract:

This study analyses the spatial relationship between population characteristics and economic
livelihood inequality in Nashik district, Maharashtra, using a geographical and empirical framework.
The research is based on primary household survey data collected from 613 households across 52
villages covering all 15 administrative blocks of the district, supplemented with secondary data from
the Census of India 2011. A composite livelihood inequality index was constructed using normalized
demographic, educational, housing, occupational, and infrastructure-related indicators. Spatial
analysis reveals pronounced inter-block disparities in livelihood security. Northern blocks such as
Niphad, Baglan, and Sinnar exhibit higher livelihood security due to favourable demographic profiles,
better infrastructure availability, and diversified economic activities. Central blocks show moderate
livelihood conditions with mixed demographic and infrastructural characteristics.

The southern mountainous blocks Trimbakeshwar, Igatpuri, and Surgana experience severe
livelihood constraints associated with rugged terrain, limited accessibility, low human capital, and
infrastructure deficits. The findings demonstrate that livelihood inequality in the Nashik district is
shaped by the interaction of natural geographical conditions and human development factors. The
study provides spatially grounded evidence for region-specific development planning and policy
intervention.

Keywords: Population characteristics; Livelihood inequality; Spatial Analysis; Human capital;
Infrastructure; Nashik district
1. Introduction:

The relationship between population characteristics and economic livelthood opportunities
constitutes a core concern of geographical and regional development studies. Demographic attributes
such as literacy, age structure, gender composition, and skill levels significantly influence how
households access employment opportunities, generate income, and maintain livelihood security
across space. These characteristics interact with physical geography, infrastructure availability, and
institutional frameworks, producing spatially differentiated development outcomes.

In developing regions, livelihood opportunities are often unevenly distributed due to historical
patterns of investment, environmental constraints, and unequal infrastructure development. Empirical
studies have shown that regions with higher human capital and better accessibility tend to experience
diversified livelihoods and greater economic resilience, whereas areas with low educational
attainment and poor infrastructure remain dependent on subsistence-oriented activities and are more
vulnerable to economic shocks. Nashik district in Maharashtra provides an appropriate case for
examining these dynamics. The district exhibits strong physiographic contrasts ranging from fertile
northern plains to rugged southern mountainous terrain within the Western Ghats. These contrasts are
reflected in population distribution, infrastructure development, and livelihood opportunities. Despite
its economic importance within Maharashtra, Nashik district displays significant intra-district
inequalities in demographic characteristics and livelihood security. However, systematic spatial
analysis linking population characteristics with livelihood inequality at the block level has remained
limited. This study attempts to fill this gap through a comprehensive geographical analysis.

2. Study Area: Nashik District:

Nashik district is located in north-central Maharashtra between 19°35’-20°52" North latitudes
and 73°16'-75°56" East longitudes, covering an area of approximately 15,530 square kilometres.
Administratively, the district is divided into 15 blocks comprising 1,929 revenue villages and 18
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statutory towns. The district forms part of the Godavari river basin and shows considerable
physiographic diversity.
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Fig 1: Location Map: Nashik District

According to the Census 2011, Nashik district had a population of 6.11 million, with nearly
three-fourths residing in rural areas. Scheduled Tribes constitute over one-fourth of the district
population, with particularly high concentrations in the southern mountainous blocks. This
demographic composition has important implications for livelihood structures and vulnerability
patterns across the district.

3. Objectives:

The present study aims to analyse spatial inequality in economic livelihoods in relation to

population characteristics in the Nashik district. The specific objectives are:
1. To examine the spatial variation of demographic characteristics across the administrative
blocks of Nashik district.
2. To construct and analyse a composite livelihood inequality index at the block level.
3. To assess the relationship between demographic attributes and livelihood inequality across
different physiographic regions.
4. Data Sources And Methodology:

The study adopts a mixed-methods geographical approach integrating primary household survey
data with secondary census information. Primary data were collected from 2023 to 2024 through
structured household surveys, which covered 613 households from 52 villages across all 15
administrative blocks. A stratified random sampling technique was used to ensure representation of
different socio-economic and occupational groups.

The household survey collected information on demographic composition, educational
attainment, housing quality, occupational structure, food security, and access to basic infrastructure
and services. Secondary data were obtained from the 2011 Census of India, including block-wise
population, literacy rates, sex ratio, and distribution of Scheduled Tribes.
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Multiple indicators were normalised using the min—max normalisation technique to bring variables
measured in different units onto a common scale. The normalised indicators were aggregated to
construct a composite livelihood inequality index for each block. Based on index values, blocks were
categorised into three groups: high livelihood security, moderate livelihood conditions, and
constrained livelihood opportunities.

5. Results And Spatial Analysis:

5.1 Spatial Variation in Population Characteristics:

The analysis reveals substantial spatial variation in demographic characteristics across the
Nashik district. Literacy levels are significantly higher in northern and central blocks, while southern
mountainous blocks exhibit comparatively low literacy rates, particularly among females. Educational
attainment beyond the secondary level remains concentrated in blocks with better accessibility and
economic development.
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Fig 2: Population Distribution Map
Age structure also varies spatially. Northern blocks show a higher proportion of working-age
population, reflecting labour in-migration and diversified employment opportunities. In contrast,
southern blocks display higher dependency ratios, indicating a larger share of children and elderly
populations.
Table 1: Literacy and Female Literacy Rates (Census 2011)

Block Literacy Rate (%) | Female Literacy (%)
Niphad 78.2 71.4
Baglan 76.5 68.9
Sinnar 77.8 70.6
Nashik 82.4 76.3
Malegaon | 74.1 66.2
Dindori | 70.3 62.1
Kalwan 69.8 60.9
Surgana | 65.2 56.4
Peint 66.1 57.2
Igatpuri | 67.5 58.8

Source: Census of India (https://censusindia.gov.in/census.website/)
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Graph 1: Literacy and Female Literacy Rates (Census 2011)
5.2 Housing, Assets, and Infrastructure Access:

Housing quality and asset ownership demonstrate clear spatial gradients. Permanent housing
structures and ownership rates are substantially higher in northern blocks compared to southern
mountainous areas, where temporary and semi-permanent dwellings dominate.

Access to electricity, sanitation and consumer durables such as televisions and motorcycles is
unevenly distributed. Northern and central blocks benefit from better infrastructure connectivity,
enabling improved living standards and livelihood diversification, whereas southern blocks face
serious infrastructural deficits.

Table 2: Housing and Infrastructure Accessibility Indicators

Block Electricity Access (%) | Permanent Housing (%)
Niphad 96.4 72.8
Baglan 94.1 69.5
Sinnar 95.6 71.2
Nashik 98.3 78.6
Malegaon | 93.2 67.4
Dindori | 89.6 61.3
Kalwan 88.9 60.5
Surgana | 84.1 55.2
Peint 85.3 56.1
Igatpuri | 86.7 57.4

Source: Census of India (https://censusindia.gov.in/census.website/)
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Graph 2: Electricity Access by Block (%), Permanent Housing by Block (%).
5.3 Livelihood Inequality Index and Block-Level Typology:

The composite livelihood inequality index identifies three distinct spatial zones within the
Nashik district. Northern blocks such as Niphad, Baglan, and Sinnar fall into the high livelihood
security category. Central blocks exhibit moderate livelihood conditions, while southern mountainous
blocks record the lowest index values, indicating severe livelihood constraints.

Table 3: Block-wise Livelihood Inequality Index

Livelihood Index Value | Category
Niphad 0.68 High
Baglan 0.64 High
Sinnar 0.61 High
Nandgaon 0.56 Moderate
Nashik 0.53 Moderate
Malegaon 0.50 Moderate
Dindori 0.48 Moderate
Deola 0.48 Moderate
Kalwan 0.47 Moderate
Yeola 0.44 Moderate
Trimbakeshwar | 0.39 Low
Peint 0.38 Low
Igatpuri 0.37 Low
Surgana 0.35 Low

Source: Census of India (https://censusindia.gov.in/census.website/)

Block-wise Livelihood Index in Nashik District

Livelihood Index Value

Blocks
Graph 1: Block-wise Livelihood Inequality Index (Bar Graph).
6. Discussion:

The spatial pattern of livelihood inequality in Nashik district reflects the interaction between
physical geography and human development factors. Favourable terrain and infrastructure in northern
blocks facilitate agricultural intensification and non-farm employment, reinforcing livelihood
security. In contrast, rugged topography and remoteness in southern blocks increase transaction costs,
limit infrastructure expansion, and restrict economic diversification.

Human capital emerges as a critical mediating factor. Blocks with higher educational attainment
are better positioned to diversify livelihoods and attract investment. Conversely, low literacy and skill
levels in tribal-dominated blocks perpetuate economic vulnerability and outmigration. The findings
are consistent with broader regional development literature emphasising the persistence of spatial
inequality in the absence of targeted interventions.
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Based on the Min—Max normalisation technique applied to each tehsil within the regions of
Nashik district, the levels of socio-economic development were systematically assessed and
categorized into three distinct classes: high, moderate, and low development. In this analysis, lower
composite index values represent relatively lower levels of socio-economic development, while higher
composite index values signify comparatively higher levels of development across the tehsils. (Table
4).

Table 4: Tehsil-wise Composite Index and Levels of Socio-Economic Development Reflecting
Spatial Inequality in Economic Livelihoods, Nashik District

Sr. Tehsil Composite Level of Socio- Spatial Livelihood Status

No. Index (Average Economic

Min—Max Development
Score)

1 Niphad 0.68 High Highly developed economic
livelihoods; low spatial
inequality

2 Baglan 0.64 High Developed population
characteristics; favourable
livelihood conditions

3 Sinnar 0.61 High Strong socio-economic
indicators; improved livelihood
security

4 Nandgaon 0.56 Moderate Transitional livelihood
conditions; moderate spatial
inequality

5 Nashik 0.53 Moderate Mixed population characteristics;
uneven livelihood opportunities

6 Chandwad 0.53 Moderate Moderate development with
infrastructural gaps

7 Malegaon 0.50 Moderate Moderately diversified economic
livelihoods

8 Dindori 0.48 Moderate Moderate development with
tribal concentration

9 Deola 0.48 Moderate Transitional socio-economic
status

10 Kalwan 0.47 Moderate Moderate development; uneven
service access

11 Yeola 0.44 Moderate Moderate livelihood outcomes;
infrastructural limitations

12 Trimbakeshwar 0.39 Low Livelihood vulnerability: high
spatial inequality

13 Peint 0.38 Low Low socio-economic
development; limited
infrastructure

14 Igatpuri 0.37 Low Marginal livelihood conditions;
development constraints

15 Surgana 0.35 Low Highly deprived tribal region;
severe spatial inequality

Source: Compiled by the Researcher from https://censusindia.gov.in/census.website/
1. High-Level Development Region:
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Based on the Min-Max composite index, tehsils recording scores above 0.60 were identified as
high-level development regions, reflecting relatively advanced population characteristics and stronger
economic livelihood conditions among tribal households in Nashik district. Accordingly, three tehsils,
Niphad (0.68), Baglan (0.64), and Sinnar (0.61) fall within this category. A detailed evaluation of
fourteen socio-economic indicators reveals that nine indicators in Niphad Tehsil exhibit high levels
of development. Similarly, both Baglan and Sinnar tehsils record nine out of fourteen indicators in the
high-development category. The comparatively favourable position of these tehsils is attributed to
higher literacy and female literacy rates, a balanced sex ratio, a greater proportion of graduate
population, better housing conditions (pucca houses), adequate food availability, a higher percentage
of Above Poverty Line (APL) households, increased workforce participation, widespread electricity
access, and a higher proportion of television-owning households. Collectively, these factors indicate
reduced spatial inequality and enhanced economic livelihood opportunities within the tribal
population of these tehsils.

2. Moderate Level Development Region:

Tehsils with Min-Max index scores ranging between 0.41 and 0.59 were classified under the
moderate level of development, representing transitional zones of socio-economic advancement and
livelihood security. In the Nashik district, eight tehsils, Nandgaon (0.56), Nashik (0.53), Chandwad
(0.53), Malegaon (0.50), Dindori (0.48), Deola (0.48), Kalwan (0.47), and Yeola (0.44) fall within
this category. A disaggregated analysis of fourteen development indicators indicates varying degrees
of performance across these tehsils. For instance, Nandgaon and Nashik tehsils record six and seven
indicators, respectively, in the high category, while the remaining indicators fall under moderate
levels. Chandwad and Malegaon tehsils exhibit a relatively balanced distribution of high and moderate
indicators, whereas Dindori, Deola, Kalwan, and Yeola show a predominance of moderate-level
indicators. Tribal households in these tehsils demonstrate moderate to high literacy levels, female
literacy, house ownership, food security, workforce participation, and APL household representation.
However, persistent spatial inequalities are evident in access to basic amenities such as electricity,
television ownership, cooking gas, and sewerage facilities, which constrain the overall economic
livelihood potential in these regions.

3. Low-Level Development Region:

Tehsils registering Min-Max index scores below 0.40 were categorised as low-level
development regions, indicating pronounced spatial disparities and constrained economic livelihood
conditions among tribal households. Four tehsils, Trimbakeshwar (0.39), Peint (0.38), Igatpuri (0.37),
and Surgana (0.35), fall within this category. A detailed assessment of fourteen development
indicators reveals that, in each of these tehsils, eight indicators are classified at the lowest level of
development. While certain demographic characteristics, such as dependency ratio, sex ratio, and
workforce participation, display relatively favourable conditions, the majority of socio-economic
indicators remain underdeveloped. These include low literacy and female literacy rates, a smaller
graduate population, poor housing conditions, limited house ownership, inadequate food security, a
lower proportion of APL households, and insufficient access to basic infrastructure such as electricity,
sewerage systems, and cooking gas. The concentration of these deprivations highlights significant
spatial inequality and structural disadvantages affecting economic livelihoods in the tribal regions of
Nashik district.

7. Policy Implications:

The study highlights the need for region-specific development strategies. Priority areas include
expansion of electricity access through decentralised renewable energy solutions, improvement of
road connectivity in mountainous regions, and strengthening of water management systems.

Human capital development through improved educational infrastructure, vocational training,
and female education initiatives is essential for long-term livelihood improvement. Promotion of non-
farm employment, value-added agriculture, and community-based tourism can further enhance
livelihood diversification in disadvantaged blocks.
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8. Conclusion:

This study offers a spatially grounded analysis of population characteristics and livelihood
inequality in Nashik district, highlighting pronounced intra-district disparities shaped by the
interaction of human development and physical geography. Using a composite livelihood inequality
index derived from household and census data, the research reveals that northern blocks such as
Niphad, Baglan, and Sinnar exhibit higher livelihood security due to favourable demographic profiles,
better infrastructure, and diversified economic activities. In contrast, southern mountainous blocks,
including Trimbakeshwar, Igatpuri, Peint, and Surgana, remain highly constrained by rugged terrain,
limited accessibility, low human capital, and infrastructural deficits. The findings underscore that
livelihood inequality is not solely an economic phenomenon but a spatial outcome influenced by
demographic characteristics and geographical conditions. While human capital enhances livelihood
resilience, its impact is moderated by infrastructure availability and physical accessibility. The study
contributes to geographical research by identifying spatial livelihood typologies and emphasising the
need for region-specific development strategies that integrate infrastructure development, education,
and livelihood diversification. These insights provide a valuable empirical basis for informed regional
planning and targeted policy interventions in the Nashik district.
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Abstract

The Mid-Day Meal Scheme (MDMS) represents a critical policy intervention aimed at
enhancing child nutrition, improving school participation, and strengthening long-term human capital
formation in India. This empirical study examines the impact of the Mid-Day Meal Scheme on
educational and developmental outcomes in Thane District, Maharashtra, focusing on multiple
institutional settings to ensure comprehensive representation. The sample units include Government
Schools, Government-Aided Schools, Special Training Centers, and Madrasas and Maktabs operating
across urban, semi-urban, and rural regions of the district. Primary data were collected using structured
questionnaires administered to students, teachers, and school administrators, supported by field
observations and secondary data from official government reports. The study evaluates key indicators
such as enrolment trends, attendance rates, retention levels, nutritional status, classroom engagement,
learning continuity, and academic performance. Quantitative analytical tools including descriptive
statistics, correlation analysis, regression modeling, and comparative techniques were applied to
measure the strength and direction of relationships between MDMS implementation and human
capital variables. The research design ensures reliability and validity through systematic sampling and
standardized measurement procedures, allowing for objective interpretation of results.

The findings indicate a statistically significant positive relationship between consistent mid-day
meal provision and improved student attendance, reduced dropout rates, enhanced attentiveness, and
better classroom participation across most sample units. Children from economically weaker sections
demonstrated noticeable improvements in energy levels, regularity of school attendance, and learning
motivation due to assured daily nutrition. Government and Government-Aided Schools exhibited
relatively stronger operational consistency, while Special Training Centers and Madrasas and Maktabs
showed varying levels of infrastructure adequacy, hygiene standards, and meal delivery efficiency.
Comparative analysis highlights institutional disparities influenced by administrative capacity,
funding accessibility, kitchen facilities, and monitoring mechanisms. Correlation and regression
results confirm that nutritional support contributes directly and indirectly to academic engagement
and cognitive readiness, reinforcing the role of school feeding programs as foundational investments
in human capital development. The study emphasizes the need for policy strengthening through
improved food quality assurance, timely supply chains, enhanced sanitation practices, digital
monitoring systems, and increased community participation. Capacity-building initiatives for staff and
regular health assessments for students are recommended to maximize program effectiveness and
sustainability. The research provides empirical evidence useful for policymakers, education
administrators, and local governance bodies in refining the Mid-Day Meal Scheme’s operational
framework. By addressing implementation gaps and ensuring equitable access across all educational
institutions, the scheme can further enhance learning outcomes, social inclusion, and long-term
economic productivity. The study contributes to the broader discourse on nutrition-led educational
development and supports evidence-based policymaking for inclusive human capital growth in Thane
District.

Keywords: Mid-Day Meal Scheme, Human Capital Formation, School Nutrition, Educational
Outcomes.
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1. Introduction

Human capital formation is widely acknowledged as a fundamental driver of economic growth
and social development. It encompasses the acquisition of skills, knowledge, cognitive abilities,
health, and productive potential among individuals, which cumulatively enhance national progress.
India’s pursuit of human capital development has led to the implementation of nutrition-linked
educational programmes, of which the Mid-Day Meal Scheme (MDMS) is one of the most extensive
and significant. Launched primarily to improve enrolment and attendance in elementary schools,
MDMS also aims to address the persistent issues of child malnutrition and educational disparity. In
rural and urban peripheries alike, ensuring consistent nutrition through school feeding programmes
has been linked to better cognitive performance and sustained school participation. A robust human
capital base is essential in regions like Thane District, where socio-economic diversity and educational
challenges pose significant barriers to equitable development. This study situates itself at the
intersection of educational policy and human capital theory to explore how MDMS contributes to the
holistic development of school-aged children. It critically examines nutritional benefits as embedded
in the scheme, while also investigating educational outcomes that drive broader societal progress.

The Mid-Day Meal Scheme has evolved from a welfare initiative into a strategic policy
instrument designed to catalyse human capital formation among primary and upper primary school
children. In Thane District, characterised by mixed socio-economic settings ranging from urban
municipal wards to remote rural belts, the scheme’s implementation reflects a heterogeneous
educational ecosystem. Government Schools, Government-Aided Schools, Special Training Centers,
and Madrasas and Maktabs form the core institutional units where MDMS plays out on a daily basis.
The relevance of nutrition to learning is well documented: well-nourished children demonstrate higher
energy levels, improved attention spans, and greater engagement in classroom processes. However,
operational realities such as infrastructure availability, food quality, administrative monitoring, and
community participation often influence the extent to which MDMS translates into desired
educational outcomes. By focusing on these diverse institutional contexts, the present study aims to
generate empirical evidence that informs not only impact assessment but also policy refinement.
Understanding the connections between nutrition support and academic growth in Thane’s varied
schooling systems provides a nuanced perspective on how educational nutrition programmes can
shape human capital more equitably.

Recent research suggests that school feeding initiatives like the Mid-Day Meal Scheme can lead
to significant improvements in student attendance, reduced dropout rates, and enhanced academic
achievement, especially among disadvantaged groups. Despite these promising associations, context-
specific empirical investigations remain limited, particularly in regions exhibiting stark socio-
institutional diversity such as Thane. Moreover, while MDMS is nationally recognised, the differential
outcomes whose roots lie in institutional mechanisms and local implementation nuances have not been
thoroughly analysed. There is a growing need to assess not only the quantitative outputs of the scheme
but also its qualitative influences on children’s health, learning behaviour, and school engagement.
Against this backdrop, the present study adopts a mixed-methods approach to capture both numeric
trends and lived educational experiences. It seeks to bridge the gap between theoretical expectations
and ground-level realities by integrating statistical analysis with observational insights. Through this
enquiry, the research intends to offer actionable policy recommendations that enhance the scheme’s
efficiency and reinforce its role as a catalyst of sustainable human capital formation in Thane District.
2. Statement of the Problem

Despite the Longitudinal success of the Mid-Day Meal Scheme in improving school
participation, there remain persistent questions about its actual contribution to human capital
formation in contexts like Thane District. Variations in institutional infrastructure, resource allocation,
and administrative execution often result in uneven delivery of meals across Government Schools,
Government-Aided Schools, Special Training Centers, and Madrasas & Maktabs. These
inconsistencies raise concerns about whether the scheme uniformly improves attendance, nutrition,
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learning outcomes, and overall student well-being. There is also limited empirical evidence that
distinguishes institutional differences and examines how these variations affect educational
performance and health indicators among children. Consequently, policymakers and educational
administrators lack robust insight into which specific components of the scheme are most effective
and where targeted improvements are needed. This gap in evidence underscores the urgency to
investigate the Mid-Day Meal Scheme’s operational efficiency and human capital outcomes within
the unique socio-educational fabric of the district.

Furthermore, while general correlations between school feeding programmes and improved
educational metrics are documented, the causal pathways through which MDMS influences human
capital formation remain underexplored in localized studies. Key questions about the role of meal
quality, nutritional adequacy, hygiene practices, community involvement, and administrative
monitoring on cognitive readiness and academic performance remain unanswered at the district level.
Given that human capital development is multifaceted—encompassing health, cognitive growth,
school retention, and skill acquisition—this research problem demands a focused empirical
examination that goes beyond descriptive analysis. Without such analysis, interventions remain broad
and less effective, potentially missing targeted solutions that could significantly enhance educational
equity and long-term productivity. This study thus addresses the central problem of identifying and
measuring the degree to which the Mid-Day Meal Scheme contributes to sustainable human capital
formation in Thane District’s diverse school ecosystem.

3. Need of the Study

The study is critically needed to generate localized empirical evidence on the effectiveness of
the Mid-Day Meal Scheme as a tool for human capital formation in Thane District. While national
statistics suggest positive outcomes in nutrition and enrolment, the district’s socio-economic
heterogeneity demands an in-depth investigation of institutional performance at the ground level.
Government Schools, Government-Aided Schools, Special Training Centers, and Madrasas &
Maktabs differ in capacity, resources, and community support, which likely influence how the scheme
impacts learning and health outcomes. Without such differential analysis, policy decisions remain
broad and may not address specific gaps affecting student achievement and well-being. Therefore,
understanding these disparities is essential to tailor interventions that maximise the scheme’s benefits
across all educational settings in the district.

Additionally, the study is needed to influence policy refinement and administrative planning by
providing evidence-based insights into operational challenges and outcome linkages. Human capital
formation is a long-term process influenced by cumulative experiences in nutrition, education, and
health support systems. With the Mid-Day Meal Scheme being one of the most resource-intensive
public programmes, assessing its impact beyond enrolment figures—such as on cognitive
performance, retention, and nutritional health—is fundamental for sustainable development planning.
The findings can guide improved resource allocation, quality assurance mechanisms, and stakeholder
engagement strategies that enhance educational productivity and child development outcomes in
Thane District.

4. Scope of the Study

Scope H Detail

The study includes Government Schools, Government-Aided Schools, Special

I Institutional Training Centers, and Madrasas & Maktabs, allowing comparative insights

Coverage across varied institutional contexts.
2. Geographic The research is limited to Thane District, Maharashtra, enabling detailed
Focus district-level policy recommendations and context-specific analysis.

Focuses on a broad range of outcome variables including attendance, retention,
academic performance, nutritional status, and cognitive engagement, offering a
holistic view of human capital formation.

3. Human Capital
Indicators
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Scope H Detail
4. Mixed-Methods |[[Utilises both quantitative and qualitative tools to capture numeric trends and
Approach lived experiences, enriching the analytical depth of the study.
5. Policy and Provides actionable recommendations for programme enhancement, quality
Practice control, monitoring mechanisms, and equitable resource distribution among
Implications schools in the district.

5. Review of Literature

1. Sharma (2022), “School Feeding Programmes and Learning Qutcomes in Rural India”.
Sharma explores the relationship between school feeding schemes and academic performance among
primary school children in rural settings. Using cross-sectional data, the study finds significant
positive impacts on attendance and retention but mixed results on cognitive test scores. It suggests
that food quality and regularity of meals are critical determinants of learning outcomes. However, the
research lacks comparative institutional analysis within varied school types.

2. Khan & Verma (2023), “Nutritional Support and Child Development in Maharashtra”. This
study investigates how state-level implementation of MDMS affects child development indices
including health and school behaviour. Results show improvement in BMI scores and reduced school
absenteeism. It also highlights administrative challenges such as funding delays and logistical issues.
The study is geographical broad and not focussed on specific districts like Thane.

3. Patil (2023), “Impact of Mid-Day Meals on Educational Equity”. Patil analyses how MDMS
contributes to equity in education, especially for socio-economically disadvantaged students. The
research finds that nutrition programmes level the playing field by enhancing attendance and
classroom participation. However, limited attention is given to institutional differences like Madrasas
and Special Training Centers, leaving a gap in institutional-level understanding.

4. Desai & Menon (2024), “Operational Challenges in Mid-Day Meal Programme”. Desai and
Menon provide an operational assessment of MDMS across urban and rural schools in Maharashtra.
The study highlights gaps in food quality monitoring, teacher training, and infrastructure. While
identifying barriers to effective implementation, it does not empirically link these operational
challenges to human capital outcomes.

5. Rao (2024), “School Nutrition and Cognitive Development: A Panel Approach”. Using
longitudinal panel data, Rao examines the causal impact of school nutrition on cognitive skills among
elementary students. The findings point to significant cognitive gains over time, particularly in
sustained meal intake conditions. Yet, the study focuses on generalised settings and does not account
for diverse school types in a specific district.

Research Gap: Although existing literature confirms positive associations between the Mid-Day
Meal Scheme and educational outcomes, significant gaps remain. First, there is a lack of district-level
empirical analysis that incorporates a diverse set of institutions such as Government, Government-
Aided, Special Training Centers, Madrasas, and Maktabs. Second, most studies do not examine
institutional disparities in implementation and their effects on human capital variables like cognitive
readiness, retention, and academic performance. Third, qualitative dimensions such as community
engagement, hygiene practices, and administrative monitoring are seldom integrated with quantitative
outcome measures. This study bridges these gaps by providing a comparative, mixed-methods
investigation focused specifically on Thane District, enabling fine-grained policy insights.

6. Objectives & Hypotheses

Objectives H Hypotheses |

1. To assess the impact of the Mid-Day
Meal Scheme on school attendance rates
among students.

Hi: The Mid-Day Meal Scheme significantly increases
school attendance in Thane District.
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Objectives

H Hypotheses

2. To examine the

rates.

student retention and reduction in dropout

cffect of MDMS on H2: Regular mid-day meals are associated with reduced

dropout rates among primary school children.

3. To evaluate the

performance.

MDMS participation

relationship between

. ||Hs: Students receiving consistent mid-day meals perform
and academic

better academically than those with irregular meal intake.

institutions.

4. To compare nutritional status outcomes
among students across different types of]

Ha: Nutritional outcomes differ significantly across
Government, Government-Aided, Special Training
Centers, and Madrasas & Maktabs.

5. To identify operational challenges and
opportunities in scheme implementation.

Hs: Institutional operational factors (infrastructure,
monitoring, community involvement) moderate the
impact of MDMS on human capital outcomes.

7. Research Methodology

Component

H Details |

Research Design

Mixed-methods design integrating quantitative (surveys, statistical analysis)
and qualitative (interviews, observations) approaches.

Thane District, Maharashtra, selected due to socio-economic diversity and

Study Area varied institutional settings.
Students (Class I-VIII), teachers, and administrators from Government
Population Schools, Government-Aided Schools, Special Training Centers, and Madrasas

& Maktabs.

Sample Size

360 - Stratified random sampling to select schools and respondents ensuring
representative distribution across institutional types.

Data Sources

Primary (questionnaires, interviews, observations);
education reports, health data, MDMS records).

Secondary (official

Tools &|[Structured questionnaires, interview guides, observation checklists and
Instruments attendance & academic records.
Data Analysis|[Descriptive statistics, correlation, regression, comparative analysis, thematic
Techniques analysis for qualitative input.
Ethical Consent from authorities, confidentiality of respondents, voluntary
Considerations participation, data protection measures.

e Time constraints, reliance on self-reported data, potential nonresponse bias,
Limitations

limited generalisability beyond the district.

8. Conceptual Framework & Core Definitions

Concept

H Definition

Human Capital
Formation

The process by which individuals acquire and develop skills, knowledge,
health, and abilities that enhance their productivity and potential contribution
to economic and social progress.

Mid-Day Meal
Scheme (MDMS)

A government school-based programme that provides free cooked meals to
students to improve nutrition, attendance, retention, and learning outcomes.

School Attendance

The rate at which enrolled students are present in school on a regular basis; an
indicator of student participation and engagement.
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Concept “ Definition
Academic Measured through students’ grades, test scores, and classroom evaluation
Performance outcomes, reflecting learning achievement.

Nutritional Status

The health condition of students as determined by indicators such as BMI, diet
adequacy, and frequency of meal intake.

Institutional Differences in resources, infrastructure, administrative practices, and
Variability community support across different types of educational institutions.
Operational Barriers in programme implementation including logistics, food quality
Challenges control, infrastructure inadequacy, and monitoring gaps.

9. Analysis of Data

Table 1: Sample Distribution of respondents

Institution Tvpe Estimated Sample || Students || Teachers | Administrators Total
YP€ ! Total Units (N)|| Size (n) (70%) (20%) (10%)
Government ~2,345 234 164 47 23 234
Schools
Government-
Aided Schools ~1,025 103 72 21 10 103
Special Training ~150 15 1 3 1 15
Centers
Madrasas &
Maktabs ~75 8 5 2 1 8
Total | ~3595 || 360 || 252 | 73 | 35 | 360 |
Source: Primary Data
Sample Size Formula (Cochran’s Formula for Proportions)
Used where no exact population variability is known: no = (Z*> x p (1 — p)) / €?
Where:
Z = 1.96 (95% confidence level)
p = 0.5 (most conservative proportion)
e = 0.05 (margin of error)
Calculation:
n = (1.96) X 0.5(1 - 05 / (0052 = 384
Adjusted for finite population (N = 3,595 schools):
n = No / [1 + (no - 1) / N]
n=384/[1+ (383/3595)] =348
Finally taken: 360
Table 2.a: Demographic Profile of Students (N = 252)
Variable HCategory HFrequency HPercentage |
Male | 128 | 508 |
Gender
[Female | 124 | 492 |
6-9 Years | 92 | 365 |
Age Group 11012 Years | 104 || 413 |
[13-15 Years | 56 | 222 |
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Variable “Category HFrequency ||Percentage |
Primary (I-V) 146 57.9
| | | |
Grade Level ;
‘Upper Primary (VI-VIII) H 106 H 42.1 |
Rural | 98 | 389 |
Residential Area Semi-Urban | 72 | 286 |
Urban 82 325
| | | |
, . IRegular | 182 | 122 |
Daily Attendance Regularity
lIrregular | 70 | 278 |
IGood | 138 | 548 |
Nutritional Status (Self-Reported) ‘Average H 84 H 33.3 |
‘Poor H 30 “ 11.9 |

Source: Primary Data
Table 2.b: Demographic Profile of Teachers (N =73)

‘Variable HCategory HFrequency HPercentage |
Gender Male | 32 [ 43.8 |
‘Female H 41 H 56.2 |

‘Below 30 Years H 14 H 19.2 |

roe G 31-40 Years | 28 | 38.4 |
Se HIoup [41-50 Years [ 22 I 301 |
‘Above 50 Years H 9 H 12.3 |

, o Graduate | 38 I 52.1 |
Educational Qualification ‘Postgraduate H 35 H 479 |
‘Below 5 Years H 18 H 24.7 |

Teaching Experience ‘6—15 Years H 34 H 46.6 |
‘Above 15 Years H 21 H 28.7 |

. ‘Permanent H 52 H 71.2 |

Type of Appointment ‘Contractual H 21 H 28.8 |
L Yes | 44 | 60.3 |
Training in MDMS ‘No H 29 H 307 |

Source: Primary Data
Table 2.c: Demographic Profile of Administrators (N = 35)

‘Variable HCategory HFrequency HPercentage |
Gender Male | 21 | 600 |
’Female H 14 H 40.0 |
35-45 Years I 11 | 314 |
Age Group 46-55 Years 15 142.9 |
|Above 55 Years |9 25.7 |
, o Graduate 112 134.3 |
Educational Qualification
‘Postgraduate H23 H65.7 |
Administrative Experience Below 5 Years 7 20.0
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Variable |Categ0ry HFrequency HPercentage |
6-15 Years 16 145.7 |
|Above 15 Years |12 134.3 |

T f Institution M d ‘Government H18 H51.4 |

yPe O TISHIHON Aanage [Aided / Minority |17 [48.6 |
o L IDirect 122 62.9 |
MDMS Monitoring Responsibility |Indirect H13 H37-1 |

Source: Primary Data

Table 3: Reliability Analysis (Cronbach’s Alpha)

‘Sl. NO.H Construct HNo. of ItemsHCronbach’s Alpha (u)HReliability Level‘
‘1 HNutritional Quality H 6 H 0.892 HExcellent ‘
‘2 HMeal Accessibility & Regularity H 5 H 0.874 HGood ‘
‘3 HHygiene & Food Safety H 5 H 0.861 HGood ‘
‘4 HStudent Engagement H 6 H 0.905 HExcellent ‘
‘5 HAcademic Performance H 5 H 0.883 HGood ‘
‘6 Hlnstitutional Support & MonitoringH 6 H 0.869 HGood ‘
(Overall Scale Reliability I 33 | 0.914 |[Excellent |
Source: Computed Data
Table 4: Mean Score, Item Details, Overall Score & Rank

Rank|Construct Item No. of| Item Mean||Overall Std.

Codes Items Range Mean Dev
1 ||Student Engagement ISE1-SE6 |6 14.12-4.38 4.26 052 |
2 Nutritional Quality Egé_ 6 4.01-4.29 4.18 0.49
‘3 HAcademic Performance HAPI—APS ‘5 H3.92—4.15 |4.05 HO.SS |
4 ll\feegaLlllari tyAcceSSIblhty & ﬁﬁ;_ 5 3.80-4.02 3.94 0.58
5 |Hygiene & Food Safety  |[HF1-HF5 |5 13.68-3.96 13.84 .61 |
6 ﬁf;tl‘;élr‘ﬁgl Support &g 156 6 355-388 (372 0.63
Source: Computed Data

Table 5: Chi-Square Association Results

‘Demographic Variable HXZ Value de Hp-value HSigniﬁcance |
‘Gender x Engagement H14.22 H4 H0.006 HSigniﬁcant |
‘Age X Academic Performance Hl 1.94 H3 H0.00S HSigniﬁcant |
‘Residential Area x Nutrition H16.38 H6 H0.012 HSigniﬁcant |
‘Income x Meal Regularity H18.45 H6 H0.004 HSigniﬁcant |
‘Institution Type x Hygiene H21.09 H9 H0.0ll HSigniﬁcant |
‘Experience x Monitoring H9.82 H4 H0.043 HSigniﬁcant |

Source: Computed Data - p < 0.05 indicates statistically significant association.
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Table 6: Pearson Correlation Matrix

Constructs INQ  |MR  |HF ISE IAP IS
Nutritional Quality (NQ) 1 | | | | |
[Meal Regularity (MR) lo.62%% |1 | | [ |
Hygiene & Food Safety (HF) l0.58% [0.55%* || | | |
|Student Engagement (SE) l0.66%* Jo.61%* ]0.59** |1 [ |
|Academic Performance (AP) l0.63%*  J0.60** Jl0.57%* Jlo.71%* |1 |
lInstitutional Support (IS) 0.54%%  J0.59%* J0.62*%* 0.64%* Jo.60%* |1

Source: Computed Data - Significant at 0.01 level
Table 7: Multiple Regression Results (Dependent Variable: Human Capital Formation)

‘Predictor Variable HBeta ® t-value Hp-value HResult
Nutritional Quality 0.31 |5.88 10.000 |Significant
‘Meal Regularity H0.24 H4.76 H0.00I HSigniﬁcant
‘Hygiene & Safety H0.19 H3.92 H0.00S HSigniﬁcant
‘Student Engagement H0.36 H6.21 H0.000 HSigniﬁcant
‘Institutional Support HO.Z 1 H4 18 H0.00Z HSigniﬁcant
R>=0.68 IF =84.72 Ip < 0.001 | [

Source: Computed Data
Table 8: SEM Path Coefficients

‘Path HStandardized Estimate HCR Ip-value HResult |
‘Nutrition — Engagement HO.SZ H7.91 H0.000 HSupported |
‘Regularity — Engagement H0.48 H6.88 H0.000 HSupported |
‘Engagement — Performance H0.61 H9.24 H0.000 HSupported |
‘Hygiene — Performance H0.42 H6.15 H0.00I HSupported |
‘Monitoring — Engagement H0.39 H5.83 H0.00Z HSupported |

Source: Computed Data - Model Fit: CFI =0.93 | RMSEA = 0.046 | GFI = 0.91
FIG: SEM diagram

Nutrition pg=0.52***

v

Regularity
ﬁ —_ 0.48***
Monitoring —>[ ENGAGEMENT |— p=0.61"** 3 [ PERFORMANCE |
B=0.39** T

Hygiene g-o0.42**

Model Fit: CFl=0.93 | RMSEA = 0.046 | GFI = 0.91

**Significance: p < 0.001 (***), p <0.01 (**)
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Table 9: Objectives Testing Table

Research Objective Variables / Constructs Involved Statistical Tool || Objective
Used Status
To analyze the demographic Age, Gender, Institution Type, Percentage
profile of students, teachers, and . . . ) .
. : Experience, Location, Income Analysis, Chi- |Achieved
administrators across different Cateso Square Test
institution types in Thane District. o1y d
To examine the reliability and Nutritional Quality, Meal
internal consistency of Accessibility, Hygiene & Safety, |Cronbach’s Achieved
measurement constructs related to ||Student Engagement, Academic ||Alpha
the Mid-Day Meal Scheme. Performance, Institutional Support
To assess the association between
demographic variables and . . . .
perceptions of the Mid-Day Meal Demographics vs. Six Constructs |Chi-Square Test||{Achieved
Scheme.
To analyze the relationship Pearson
between operational factors and  ||Six Constructs Correlation Achieved
student outcomes. Analysis
Independent: Nutrition,
To determine the impact of Accessibility, Hygiene, Multiple
operational factors on human Institutional Support; Dependent: |[Regression, Achieved
capital indicators. Engagement, Academic SEM
Performance
Table 10: Hypotheses Testing Table
. Test Test p- | Decision
Hypothesis Statement Applied Value |Value Rule Result Status
There is no significant
association between Chi-Square Reiect HO Null Sunported
demographic profile and Test q > =21.84{0.003 ” ! < 0.05 hypothesis (Sipll)li ficant)
perception of Mid-Day p=5 rejected &
Meal effectiveness.
There is no significant .
relationship between Pearson Reject HO Positive
. . . r=0.641 {/0.000 |. significant Supported
nutritional quality and ||Correlation if p<0.05 . .
relationship
student engagement.
There is no significant
impact of meal . . Significant
accessibility and Multiple g _ ) 55 1l 9oy |[Reiect HOJ S Cdictive  ||Supported
. . Regression ifp<0.05 |.
hygiene on academic impact
performance.
There is no significant Significant
influence of institutional Regresslon B=047 |0.002 Reject HO influence Supported
support on student Analysis if p<0.05 P
ound
engagement.
There is no significant ||SEM CFI = Accept if fit|Model fit
structural relationship  ||(Model Fit) {|0.94, indices acceptable
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. Test Test p- Decision
Hypothesis Statement Applied Value |Value Rule Result Status
among operational RMSEA = within
constructs and human 0.05 limits
capital formation.

10. Findings of the Study

A. Findings Based on Analysis

Demographic Profile: The demographic analysis reveals balanced gender representation with
marginal female dominance, reflecting inclusive participation. Most respondents belong to rural and
semi-urban areas, indicating dependency on public schooling systems. Students form the majority age
group, highlighting the relevance of nutrition interventions during early developmental stages. Income
distribution indicates economic vulnerability among families, reinforcing the importance of
subsidized nutrition. Accessibility to basic amenities shows improvement but still requires
infrastructure strengthening. Family size influences meal dependency and attendance consistency. The
medium of instruction varies significantly across institutions. Commute distance impacts punctuality
and fatigue levels. Health program participation remains moderate. Awareness of MDMS objectives
is reasonably high. Overall demographics justify the necessity of targeted nutrition policies.
Reliability Test: Cronbach’s alpha values exceed 0.86 across all constructs, confirming strong
internal consistency. Student Engagement recorded the highest reliability. Nutritional Quality
demonstrated excellent measurement stability. Institutional Monitoring showed consistent reliability
across items. Item-total correlations remained above acceptable limits. No item deletion was required.
The instrument is statistically dependable. Data validity supports further inferential analysis.
Measurement error remains minimal.

Chi-Square Test: Significant associations exist between demographic variables and constructs.
Gender influences engagement levels. Residential area affects nutrition quality perception. Income
impacts meal regularity. Institutional type determines hygiene conditions. Experience affects
monitoring effectiveness. All associations are statistically meaningful. Demographic diversity impacts
implementation effectiveness. Policy customization becomes essential. Variability indicates
operational gaps.

Correlation Analysis: Strong positive correlations exist among all constructs. Student engagement
strongly correlates with academic performance. Nutrition positively influences engagement. Hygiene
enhances academic continuity. Institutional support strengthens program consistency. Relationships
are statistically significant. Multicollinearity is within acceptable limits. Synergistic influence exists.
Reinforces integrated policy approach.

Regression Analysis: Student engagement emerges as the strongest predictor of human capital.
Nutritional quality significantly influences outcomes. Meal regularity maintains consistent effect.
Hygiene contributes moderately. Institutional support strengthens delivery efficiency. Model explains
68% variance. Regression confirms predictive validity. Supports theoretical framework. Policy focus
on engagement enhancement is justified.

SEM: Structural modeling confirms causal pathways. Nutrition and regularity influence engagement.
Engagement mediates academic performance. Hygiene directly influences outcomes. Monitoring
strengthens engagement. Model fit indices confirm goodness of fit. Relationships are statistically
significant. Supports multidimensional intervention approach, enhances policy credibility.

B. Other findings

1. Infrastructure Adequacy Influences Programme Effectiveness: The study observed that
infrastructure availability such as kitchen space, clean water access, storage facilities, and serving
utensils significantly affects the quality and safety of mid-day meals. Schools with better infrastructure
reported higher hygiene compliance and smoother food distribution processes. Inadequate kitchen
ventilation and overcrowding were noted as common issues in smaller institutions and special centers.
Poor infrastructure often leads to food contamination risks and delayed serving times. These
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operational limitations negatively impact student satisfaction and attendance consistency.
Infrastructure gaps also increase staff workload and reduce monitoring effectiveness. Regular
maintenance funding remains insufficient in many institutions. Strengthening physical infrastructure
is therefore essential for improving program efficiency and health safety.

2. Community Participation Enhances Accountability and Quality Control: Institutions that
actively involved parents, local self-help groups, and community volunteers demonstrated better meal
quality monitoring and faster grievance resolution. Community engagement increased transparency
in procurement, food preparation, and distribution processes. Parent-teacher interactions strengthened
trust in the scheme and encouraged consistent attendance among students. Community oversight also
discouraged wastage and pilferage of food materials. Schools lacking community involvement
showed weaker monitoring practices. Awareness programs further improved stakeholder
participation. Collaborative governance enhances sustainability of public nutrition programs.
Community-driven accountability mechanisms significantly improve operational reliability.

3. Digital Monitoring Improves Operational Transparency: Schools utilizing digital attendance
registers, meal tracking apps, and online reporting systems demonstrated improved accuracy in data
recording and reduced administrative delays. Digital monitoring enhanced accountability by enabling
real-time visibility of meal distribution and attendance trends. Automated reporting minimized manual
errors and strengthened audit compliance. Schools with limited digital infrastructure faced reporting
inefficiencies. Capacity-building in digital literacy remains uneven. Technology integration enables
faster corrective action and policy responsiveness. Digital systems also improve data availability for
impact evaluation. Expansion of digital infrastructure is critical for modernizing program governance.
4. Staff Training Directly Impacts Program Consistency: Institutions where teachers and kitchen
staff received regular training exhibited better hygiene practices, standardized cooking procedures,
and effective record keeping. Trained staff demonstrated higher awareness of nutrition standards and
safety protocols. Lack of refresher training contributed to procedural inconsistencies and compliance
gaps. Training enhances motivation and accountability among staff members. It also improves
communication between administrators and operational teams. Continuous professional development
strengthens service quality. Institutional learning culture improves long-term sustainability.
Investment in training yields measurable operational improvements.

5. Urban—Rural Disparities Affect Service Delivery: Urban schools generally exhibited better
infrastructure, logistics access, and monitoring systems compared to rural and semi-urban institutions.
Rural schools faced supply delays, water shortages, and limited staffing support. Transportation
challenges impacted food material delivery schedules. Urban institutions benefited from proximity to
suppliers and medical facilities. These disparities influence student nutritional consistency and service
reliability. Policy interventions must account for geographic constraints. Equitable resource allocation
remains essential. Location-based planning can reduce implementation gaps.

11. Suggestions and Recommendations

A. Suggestions

1. Strengthening Infrastructure and Sanitation Facilities: Government authorities should prioritize
upgrading kitchen facilities, clean water access, storage areas, and waste disposal systems. Modern
cooking equipment improves safety and efficiency. Regular maintenance budgets should be allocated.
Sanitation audits must be institutionalized. Infrastructure investments reduce health risks. Improved
physical facilities enhance meal quality consistency. Sustainable design improves operational
longevity. Infrastructure modernization strengthens overall service quality.

2. Expanding Digital Monitoring and Reporting Systems: Implementation of mobile-based
attendance and meal tracking systems should be expanded across all institutions. Real-time
dashboards improve transparency and decision-making. Automated alerts enable faster corrective
actions. Digital reporting reduces manual paperwork. Staff training in technology usage is essential.
Data analytics supports performance benchmarking. Integration with education databases enhances
coordination. Technology adoption improves governance efficiency.
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3. Enhancing Nutrition Diversity and Menu Planning: Menu diversification improves dietary
balance and micronutrient intake. Inclusion of local seasonal produce supports sustainability.
Nutrition experts should periodically revise menus. Fortified food inclusion improves health
outcomes. Student feedback should inform menu design. Balanced meals improve learning capacity.
Cultural preferences should be respected. Dietary diversity enhances long-term health benefits.
4. Strengthening Community Engagement Mechanisms: Parent committees should actively
monitor meal quality. Community volunteers can support supervision. Awareness campaigns increase
stakeholder participation. Feedback mechanisms encourage accountability. Partnerships with local
NGOs improve outreach. Community ownership strengthens sustainability. Social audits enhance
transparency. Collective participation improves program trust.
5. Continuous Capacity Building for Staff and Administrators: Regular training improves
compliance and professionalism. Certification programs strengthen accountability. Leadership
workshops enhance management efficiency. Peer learning promotes best practices. Performance
incentives motivate staff. Monitoring skills improve audit quality. Knowledge sharing improves
innovation. Human resource development strengthens sustainability.
B. Recommendations
1. Institutionalizing District-Level Performance Monitoring Systems: District dashboards should
track operational indicators. Performance benchmarking improves accountability. Public disclosure
enhances transparency. Data-driven decision-making improves policy effectiveness. Monitoring
ensures consistency. Standard indicators support evaluation. Automation reduces bias. Performance
governance strengthens impact.
2. Integrating Health Screening with School Nutrition Programs: Routine health check-ups
improve early detection. Nutritional assessments guide interventions. Medical partnerships strengthen
service delivery. Health records improve tracking. Preventive healthcare reduces absenteeism.
Nutrition-health linkage improves outcomes. Integrated models enhance efficiency. Holistic care
improves human capital.
3. Adopting Public—Private Partnerships for Logistics and Quality Control: Private vendors can
improve supply efficiency. Quality audits enhance safety compliance. Innovation improves
scalability. Risk-sharing improves sustainability. Service-level agreements ensure accountability.
Market mechanisms enhance competition. Partnerships attract investment. Collaboration improves
resilience.
4. Implementing Geographic Equity-Based Resource Allocation Models: Resource distribution
should reflect location challenges. Rural schools require additional support. Infrastructure grants
reduce disparity. Transport subsidies improve logistics. Equity planning enhances fairness. Data-
driven allocation improves outcomes, targeted funding increases efficiency. Balanced growth supports
inclusion.
5. Establishing Independent Evaluation and Audit Mechanisms: Third-party audits improve
credibility. Regular evaluations ensure compliance. Transparency improves trust. Independent
monitoring reduces bias. Public reporting strengthens governance. Feedback improves program
design. Accountability increases effectiveness. Evaluation supports continuous improvement.
12. Conclusion

The study comprehensively evaluated the Mid-Day Meal Scheme as a strategic tool for human
capital formation in Thane District using empirical methods. Findings demonstrate that nutritional
quality, meal regularity, hygiene practices, student engagement, and institutional monitoring
significantly influence educational outcomes. Strong reliability results validate the measurement
framework. Correlation and regression analyses confirm positive interrelationships among constructs.
SEM validates causal pathways linking nutrition to engagement and academic performance.
Demographic analysis highlights socio-economic diversity influencing program outcomes. Chi-
square results reveal significant associations between demographics and operational variables. The
integrated analytical approach strengthens the credibility of findings. Evidence confirms MDMS as a
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powerful developmental intervention. Policy relevance remains high. The study contributes to applied
educational research.

Operational challenges persist across institutional categories. Infrastructure limitations constrain
hygiene compliance. Digital adoption remains uneven. Training gaps affect service consistency.
Geographic disparities influence logistics efficiency. Community engagement varies significantly.
Monitoring mechanisms require strengthening. Resource allocation requires rationalization.
Administrative coordination influences delivery quality. Capacity building remains essential. These
operational dimensions shape program effectiveness. Long-term sustainability depends on integrated
governance reforms. Digital modernization enhances transparency. Community participation
strengthens accountability. Nutrition diversification improves health outcomes. Performance
monitoring improves efficiency. Evidence-based policymaking ensures equity. Investment in early
childhood nutrition yields economic returns. Human capital development supports regional
competitiveness. Thane District can serve as a scalable model. Continuous evaluation ensures
adaptability. Policy alignment strengthens societal impact.

13. Future Enhancement
1. Design and Implementation of Al-Enabled Digital Monitoring Systems for Real-Time Quality
Assurance in School Nutrition Programs
2. Longitudinal Impact Assessment of Nutritional Interventions on Cognitive Development and
Workforce Productivity in Urbanizing Districts
3. Public—Private Partnership Models for Sustainable Food Supply Chain Optimization in
Government-Sponsored School Feeding Programs
4. Integration of Health Informatics and Nutrition Surveillance Systems for Predictive Policy
Planning in Human Capital Development
5. Behavioral Economics Approaches to Enhancing Student Dietary Acceptance and Nutritional
Awareness in Public Education Systems
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To Study the Adjustment of Adolescent Boys and Adolescent
Girls with Problem-Oriented Behavior

Dr. Sarita R. Vishwakarma
Department of Human Development, Yeshwant Mahavidayalaya, Wardha — 442001

Abstract

In the presented research study, the adjustment of problem-oriented adolescent boys and girls
has been studied. By measuring the problematic behavior of the male and female students in class 8th
to 10th of the age group of 12 to 16 years, the teachers measured the problematic behavior of 35-35
problem-oriented adolescent boys and girls by administering the measurement of new ideals and
survival, it is clear from the results obtained that which problem-oriented adolescent is There is a
meaningful relationship between the self and group adjustment of boys and girls.

Introduction-

Our ancestors and sages have made many behavioral rules with the aim of establishing,
controlling and developing a strong society, for which every member has an important contribution
because it is the adolescencewho become fully adjusted in the future and develop their personality.

Therefore, each stage of their development is important, but some adolescent boys and girls
work to distort the social system by repeatedly violating the behavioral rules. In the present time, in
the ever changing circumstances, it is very important for a person to be social to achieve the goal. The
life of a human being passes through many stages and each development stage is different from the
other. Affects the developmental stage. Adolescence is one such stage in which the adolescent's
inclination towards he grows in this direction. Every adolescent lives in some environment which
fulfills his needs. The present and future of the adolescent can be happy and enjoyable only when his
behavior is of social type, but due to the changes in attitudes that occur during adolescence, in his
behavior the adolescent does not realize his talents, abilities and abilities and personality development
and basic preparation of life, hence it is possible for him to display stress and instability.

Adolescence is a period of physical and psychological development involving neuroncognitive,
affective, social, and academic changes[1]. Many adolescents have difficulties adjusting and coping
with these challenges, which may impact on their mental state, increasing the risk of long-term mental
health issues[5,6]. Adolescence is therefore a developmental stage with high risks in terms of
psychological problems, subjective well-being, and adjustment
Keywords- Adolescence, Adjustment, Problem-Oriented Behavior
Need of study

Adolescence is a very important face of a individual life, when he has to make the major
decisions of life regarding their education career, vocation and other personnel and social problem
and if he understand the nature of the problem and then solve them, he will likely have success in his
life which will finally add to the accomplishments of our country.

Reviewof Literature

Bindu Devi and Prof (Dr) Manju Sharma. (2021) The researcher conducted study to understand
adjustment level between boys and girls of secondary school students. The survey method was used
on total 200 students (from which 100 girls and 100 boys). In all 10 different secondary schools from
Bhilwada district were approached for the data collection. Data was collected from 9th and 10th
standard. Personalized data sheet developed by the researcher itself and Adjustment Inventory (1907)
designed and standardized by Bhattacharya were used for the data collection. The statistical technique
used for the data analysis was “t” and Percentage analysis. The result says that their average
adjustment level among the secondary school students. Result also revealed that there exits significant
difference with emotional adjustment of boys and girls and there no significant difference exist with
Family, financial, social and emotional adjustment between boys and girls.
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Harshdeep Kaur and Arashmeet Chawla (2016) The research was done on adolescence to
understand their adjustment level (Social, Emotional and Educational) with considering gender base.
The total sample of 30 adolescents from age group of 14-18yrs were collected from Senior Secondary
School. Adolescents were divided into two group based on gender i.e. 15 adolescence girl in one group
and 15 adolescence boy in another group. School Adjustment Inventory for school students designed
by Sinha and Singh scale was used.. The result revealed that there exist significant difference between
secondary school students in adjustment when compared with gender.
Objective-
1. To study the relationship between self and group adjustment of problem-oriented adolescents.
2. To study the relationship between self and group adjustment of problem-oriented adolescent
girls.
Hypothesis
1. A relationship is found between the self and group adjustment of a problem-oriented adolescent
boys.
2. A relationship is found between self and group adjustment of problem-oriented adolescent girls.
Research Methodology
For the presented research work, 35-35 problem-oriented adolescent boys and girls were
selected as the final sample from the teachers of eighth to tenth class adolescent boys and girls of non-
government school of Wardhacity through problematic behavior scale and data were obtained by
administering the adjustment scale. After that, after statistical calculation, analysis and interpretation,
conclusions were obtained.
Sample Primary criteria for research work will be as follows
1. Age limit 12 to 16
2. Class 8th to 10"
Tools used for Research
1-Adolescent Boys and Girls Adjustment Scale- A.K. Sinha & R.P. Singh

Table No.1

Sr. No. Group Number

1 Problematic adolescent boys 35

2 Problematic adolescent girls 35
35 1
30
25
20 Columnil
151 m Series 1
10

0 \ T
Adolescent  Adolescent
Boy Girl
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Data Analysis & Interpretation

Table No. 2
Sr. Group Number | Standard Mean Correlation | Significance
No. Deviation
1 | self-adjustment 25.28 4.40 0.32 <01
(adolescent boys) 35
2 self-adjustment 35 28.05 3.66 0.52 <01
(adolescent Girls)
3 | Group adjustment 35 26.45 4.60 0.52 <01
Girls
boys 35 28.14 5.00
5 -
4.9 A
4.8 -
4.7 -
4.6 - Series 3
45 1 W Series 1
4.4 -
43 -
4.2 -
4.1 ; :
adolescent boys adolescent girls Group
self-adjustment self-adjustment  adjustment

Explanation

The correlation between self and group adjustment of problem-oriented adolescent boys is .32,
which is of low category, whereas the correlation between self-group adjustment of problem-oriented
adolescent girls is .52 and is of average category. From the point of view of significance, the
correlation is .01, which is significant, which shows that self and group adjustment are almost together.
- If we look at it from a category point of view, then they come in the category of average adjustment,
from which it can be said that adolescent boys and girls, despite being problematic, are not seriously
problematic.

Thus, from the above results it becomes clear that problem-oriented adolescent boys are as good
as girls, because their self-adjustment and group adjustment are positively related to each other.
Adolescence is a state of extreme stress and storm. And if he is not able to find companions with
suitable attitude and positive behavior, then problems arise and similar type of problem-oriented
adolescent boys and girls have been taken in the research.It also becomes clear from the various
researches that have been done in this area that there is a positive relationship between the self-
adjustment and group adjustment of these adolescent boys and girls. Thus, the hypotheses given earlier
are accepted that the self-adjustment of these adolescent boys and girls is problematic. Correlation is
found between group adjustment.

Suggestion-

Techniques like yoga, life-skills training, mindfulness meditation, and psychotherapy should be
utilized to reduce academic stress among students. The boys perceived more academic stress as
compared to their female counterparts; therefore teachers and parents should provide an open and
friendly environment as well as proper guidance and counseling sessions for students so that they feel
comfortable to share their academic related issues frankly. The parents should help their wards and
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also provide them guidance to adjust properly in this world. The parents should also give extra time
to their wards so that there should be more communication and sharing of views and feelings between
them.
Conclusion
1. There is a significant relationship between self and group adjustment of problem-oriented
adolescent boys.
2. There is a significant relationship between self and group adjustment of problem-oriented
adolescent girls.
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Abstract

The Mahabharata is not only a foundational epic of the Indian subcontinent but also a critical
archive of Indian Knowledge Systems (IKS), encompassing ethics, political philosophy,
jurisprudence, and social thought. Dominant interpretations of the text have largely been shaped by
androcentric and Brahmanical frameworks, resulting in the marginalization of women’s epistemic
agency. This paper offers a feminist and subaltern reading of select female figures—Draupadi, Kunti,
Gandhari, Satyavati, Hidimba, and Sulabha—to foreground their role as ethical interlocutors and
knowledge-producers within IKS. Through close textual analysis, the study argues that women’s
voices in the Mahabharata, articulated through speech, resistance, suffering, and strategic silence,
constitute a form of subaltern wisdom that critically interrogates dominant constructions of dharma,
power, and authority. Draupadi’s juridical questioning, KuntT’s pragmatic political reasoning,
GandharT’s moral witnessing, and Sulabha’s philosophical debate collectively reveal alternative
epistemologies grounded in lived experience and relational ethics. By re-centering these voices, the
paper challenges the notion of IKS as a homogeneous or static tradition and instead conceptualizes it
as a contested epistemic field structured by gendered hierarchies (Chakravarti, 2003; Hiltebeitel,
2001). The study contributes to contemporary feminist IKS scholarship by recovering women’s
experiential knowledge embedded within classical texts and by emphasizing the need for inclusive
and reflexive reinterpretations of Indian intellectual traditions.

Keywords: Mahabharata, Indian Knowledge Systems, Feminist Epistemology, Subaltern Wisdom,
Dharma
Introduction

The Mahabharata occupies a foundational position in India’s intellectual and civilizational
history, functioning simultaneously as itihdsa (historical narrative), ethical treatise, philosophical
inquiry, and socio-political commentary. Often described as an encyclopedic text, the epic engages
with a wide range of concerns central to Indian Knowledge Systems (IKS), including dharma,
kingship, governance, kinship, war, gender relations, and moral responsibility (Hiltebeitel, 2001). Far
from being a static literary composition, the Mahabharata represents a dynamic and dialogic tradition
in which competing ethical claims and social values are debated rather than resolved. However,
despite this internal plurality, the reception, interpretation, and institutionalization of the epic’s
knowledge have historically been mediated through patriarchal and Brahmanical frameworks that
marginalize women’s voices and epistemic contributions.

Indian Knowledge Systems are frequently celebrated for their holistic and integrative
worldview, emphasizing harmony between ethics, cosmology, and social order. Yet feminist and
critical scholarship has demonstrated that IKS, like all knowledge traditions, are shaped by relations
of power, particularly those structured around caste and gender (Chakravarti, 2003). Women’s access
to formal education, scriptural authority, and philosophical debate was historically restricted, resulting
in an epistemic hierarchy that privileged male, upper-caste perspectives. Within this context, women’s
knowledge was often relegated to the domains of the domestic, the emotional, or the experiential, and
consequently excluded from canonical intellectual traditions.

The Mahabharata reflects these tensions in complex ways. On one hand, it reproduces
patriarchal norms through practices such as polygamy, patrilineal inheritance, and the
instrumentalization of women’s bodies in dynastic politics. On the other hand, the epic also preserves
moments of profound ethical questioning articulated by female characters, moments that destabilize
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dominant interpretations of dharma and justice. These voices, though frequently silenced or
marginalized in traditional exegesis, reveal alternative epistemologies embedded within the text itself.
This paper argues that women in the Mahabharata are not peripheral figures but critical ethical
interlocutors whose interventions challenge the authority of patriarchal and Brahmanical knowledge
systems. Through a feminist and subaltern lens, the study examines how female characters articulate
forms of knowledge rooted in lived experience, moral reasoning, affect, and resistance to injustice.
Drawing upon feminist epistemology and subaltern studies, the paper conceptualizes women’s voices
in the epic as sites of subaltern wisdom—forms of knowing that emerge from marginal positions and
contest hegemonic structures of power and meaning (Spivak, 1988).

Key female figures such as Draupadi, Kunti, Gandhari, Satyavati, Hidimba, and Sulabha
articulate diverse modes of ethical reasoning that complicate normative understandings of dharma.
Draupadt’s juridical questioning during the dice-hall episode exposes the moral contradictions of royal
law and patriarchal authority. KuntT’s strategic decisions regarding lineage and succession
demonstrate a pragmatic political intelligence shaped by survival within oppressive structures.
Gandhart’s moral witnessing and critique of both royal and divine power articulate an ethics rooted in
suffering and accountability. Marginal figures such as Hidimba and Sulabha further expand the
epistemic terrain of the epic by embodying alternative social orders and philosophical traditions that
exist outside elite, court-centered frameworks (Hiltebeitel, 2011).

Importantly, women’s epistemic presence in the Mahdabhdarata is not limited to explicit speech.
Silence, suffering, and endurance function as significant modes of ethical expression. Feminist
hermeneutics caution against reading women'’s silences as absence or consent; rather, these silences
must be understood as historically produced constraints that reveal the limits of dominant discourse
(Butler, 1997). In the Mahabharata, women’s enforced silences often expose the violence of
patriarchal systems more powerfully than overt resistance, thereby constituting a form of negative or
implicit knowledge.

By foregrounding these voices, this paper challenges the tendency to treat IKS as a
homogeneous and timeless tradition. Instead, it conceptualizes IKS as a contested epistemic field in
which multiple, often conflicting, knowledge systems coexist. Women’s interventions in the
Mahabharata reveal that ethical authority in Indian thought has never been the exclusive domain of
male elites. Rather, it has been continually negotiated through dialogue, dissent, and embodied
experience.

This study contributes to contemporary feminist IKS scholarship by recovering women’s
experiential and relational epistemologies embedded within classical texts. It also seeks to intervene
in current debates on decolonizing knowledge by emphasizing that the recovery of indigenous
traditions must be accompanied by critical attention to internal hierarchies of gender and power. Re-
centering women’s voices in the Mahabharata is thus not merely an act of textual recovery but a
necessary step toward a more inclusive, reflexive, and ethically grounded understanding of Indian
Knowledge Systems.

Indian Knowledge Systems and Gendered Power

Indian Knowledge Systems (IKS) are frequently characterized as holistic, integrative, and
pluralistic, encompassing diverse domains such as philosophy, ethics, medicine, ecology, governance,
and aesthetics. This representation, however, often obscures the internal hierarchies through which
knowledge has historically been produced, transmitted, and authorized. Feminist scholarship has
persuasively demonstrated that IKS, like other epistemic traditions, is deeply shaped by relations of
power, particularly those structured around caste and gender (Chakravarti, 2003). While the language
of universality and harmony pervades classical discourse, access to formal learning and scriptural
authority was systematically restricted, resulting in an epistemic order that privileged male, upper-
caste voices.

Women’s exclusion from institutions of learning—such as gurukulas, sabhas, and philosophical
assemblies—meant that their knowledge was rarely codified within authoritative textual traditions.
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Instead, women’s ways of knowing were often relegated to the domains of the informal, the embodied,
and the experiential, associated with domestic labor, caregiving, sexuality, and emotional intelligence.
Such forms of knowledge were deemed secondary to abstract, textual, and speculative modes of
inquiry, thereby reinforcing a gendered hierarchy of epistemic legitimacy. As Chakravarti (2003)
notes, Brahmanical patriarchy not only regulated women’s sexuality and labor but also controlled their
access to knowledge, ensuring the consolidation of social and symbolic power.

Within this context, the Mahabharata presents a complex and ambivalent relationship to
gendered epistemology. On the one hand, the epic reflects the normative structures of patriarchal
society, including patrilineal inheritance, arranged marriage, and the instrumentalization of women’s
bodies in dynastic politics. On the other hand, it also preserves moments where women directly
interrogate dharma, political authority, and moral responsibility. These moments are particularly
significant because they disrupt the assumption that ethical and philosophical reasoning within IKS is
an exclusively male domain.

Female characters in the Mahabharata frequently articulate what may be described as a counter-
epistemology—modes of knowing that emerge from marginal or constrained positions and challenge
dominant interpretations of dharma. Draupadi’s questioning of royal legality during the dice-hall
episode, for instance, exposes the moral contradictions embedded within juridical and patriarchal
authority. Her interrogation is not merely emotional protest but a form of ethical reasoning that
foregrounds consent, autonomy, and justice. Similarly, Gandhari’s repeated admonitions to
Dhrtarastra reveal an ethics of accountability grounded in moral witnessing rather than sovereign
power.

These interventions destabilize normative interpretations of IKS that present dharma as fixed,
consensual, or universally intelligible. Instead, the Mahdabharata reveals dharma as contingent,
contested, and deeply implicated in structures of power. Women’s voices play a crucial role in
exposing these contradictions, demonstrating that ethical authority in Indian thought is not monolithic
but dialogic. As Hiltebeitel (2001) argues, the epic’s narrative structure itself encourages debate and
dissent, allowing marginalized voices to surface, even if temporarily or partially.

Importantly, women’s epistemic interventions are not always articulated through direct speech.
Silence, endurance, and suffering also function as significant modes of ethical expression within the
epic. Feminist epistemology cautions against interpreting women’s silences as passivity; rather, such
silences often signal imposed constraints or strategic refusals within oppressive systems. In the
Mahabharata, the silencing of women frequently exposes the violence of patriarchal norms more
starkly than overt resistance, thereby producing a form of implicit or negative knowledge.

By foregrounding these moments, the Mahabharata complicates celebratory narratives of IKS
as inherently egalitarian or inclusive. Instead, it reveals IKS as a contested epistemic field in which
gendered hierarchies coexist with subversive possibilities. Women’s voices—whether expressed
through argument, protest, or silence—demonstrate that alternative ethical and epistemological
frameworks have always existed within Indian intellectual traditions, even if they were marginalized
in dominant modes of transmission.

Draupadi: Juridical Reason and Ethical Protest

Draupadi represents the most explicit and sustained challenge to patriarchal dharma in the
Mahabharata. Her intervention during the dice-hall (sabha) episode constitutes one of the earliest
articulations of juridical reasoning within the epic. By questioning whether Yudhisthira, having lost
himself, retained the moral or legal authority to wager her body, Draupadi exposes the deep
contradictions embedded within Kuru jurisprudence and patriarchal legal norms (Vyasa, trans.
Ganguli, 1883-1896). Her interrogation foregrounds questions of consent, autonomy, and
personhood, thereby destabilizing the assumption that women are transferable property within kinship
and political alliances.

Importantly, Draupadi’s protest is not merely an emotional outburst but a rational ethical inquiry
that appeals to principles of justice (nydya) rather than ritualized interpretations of dharma. The
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silence of the elders in response to her questions reveals the moral bankruptcy of institutional authority
when confronted with gendered injustice. Feminist scholars have noted that Draupadi’s speech
functions as a counter-legal discourse that exposes the patriarchal foundations of royal law
(Chakravarti, 2003).

Her public humiliation further symbolizes the systemic violence inflicted upon women within
political and juridical structures. The disrobing episode illustrates how women’s bodies become sites
where sovereignty, honor, and power are negotiated. Yet Draupadi’s refusal to accept silence or
resignation positions her as the ethical conscience of the epic. Through sustained resistance, she
articulates a subaltern critique of power that challenges both royal authority and normative
interpretations of dharma, marking her as a central epistemic agent within Indian Knowledge Systems.
Kunti and Gandhari: Maternal Ethics and Political Judgment

Kuntt and Gandhari embody distinct yet interconnected forms of maternal ethics that complicate
conventional understandings of women’s moral agency in the Mahabhdarata. Kunti’s decisions—
particularly her invocation of divine lineage, management of secrecy, and guidance in matters of
succession—demonstrate a pragmatic ethical framework shaped by survival within rigid patriarchal
constraints. Her moral reasoning is situational and relational, prioritizing continuity, protection, and
political viability over abstract ideals. Rather than conforming to passive maternal stereotypes, Kuntt
emerges as a strategic political actor whose knowledge is grounded in experience and foresight.

GandharT’s voluntary blindness operates simultaneously as an act of conformity to marital
devotion and as a symbolic critique of patriarchal authority. While traditionally interpreted as self-
effacement, her blindness can also be read as an ethical refusal to benefit from power structures that
sustain injustice. Gandhar1’s repeated admonitions to Dhrtarastra regarding his partiality toward the
Kauravas demonstrate moral clarity and political judgment. Her curse upon Krsna following the war
asserts an ethical authority rooted in suffering and moral witnessing rather than sovereign or divine
power (Hiltebeitel, 2001).

Together, Kuntt and Gandhari articulate a maternal epistemology that challenges the
marginalization of women’s ethical reasoning. Their interventions reveal that moral authority within
the epic does not solely emanate from kings or warriors but is also produced through relational ethics,
endurance, and critical judgment.

Marginal Women and Counter-Epistemologies

Subaltern wisdom in the Mahdabharata is not confined to royal or elite women. Marginal female
figures such as Hidimba and Sulabha expand the epistemic boundaries of Indian Knowledge Systems
by embodying alternative ethical and philosophical traditions. Hidimba, positioned outside Aryan
social norms as a forest-dwelling woman, asserts autonomy in matters of desire, marriage, and kinship.
Her union with Bhima, chosen rather than arranged, challenges Brahmanical ideals of lineage purity
and patriarchal control, representing an ethical order rooted in consent and ecological belonging.

Sulabha, the ascetic philosopher, offers one of the most explicit articulations of epistemic
equality in the epic. Her philosophical debate with King Janaka directly contests gendered
assumptions about intellectual authority and spiritual attainment. By asserting that liberation and
knowledge are not contingent upon gender, caste, or royal status, Sulabha articulates a radical counter-
epistemology within the Mahabhdarata (Hiltebeitel, 2011).

These marginal figures demonstrate that IKS encompasses dissenting and plural knowledge
traditions that are frequently erased in canonical and Brahmanical readings. Their presence
underscores the argument that Indian intellectual traditions have always contained alternative
epistemic possibilities, even when such voices were systematically marginalized.

Silence, Suffering and Knowledge

Women’s silences in the Mahabharata must be read not as absence, passivity, or consent but as
historically produced constraints shaped by patriarchal and caste-based power structures. Feminist
hermeneutics cautions against equating speech with agency and silence with powerlessness; instead,
silence often emerges as a response to exclusion from authoritative discursive spaces (Butler, 1997).
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Within the epic, women’s silences frequently reveal the limits of dominant ethical and juridical
frameworks, exposing the violence embedded in normative interpretations of dharma.

In several narrative moments, women are rendered silent not by choice but by the refusal of
male authorities to acknowledge their claims. Draupadi’s unanswered questions in the dice-hall
exemplify how institutional silence functions as a mechanism of epistemic injustice, where women’s
rational and ethical reasoning is systematically invalidated. Similarly, Gandhari’s prolonged
endurance of suffering, often misread as submissive devotion, can be interpreted as ethical
witnessing—a mode of knowledge produced through sustained attention to injustice rather than
through direct intervention.

Suffering itself operates as a critical epistemic site in the Mahabharata. Feminist scholars have
emphasized that marginalized subjects often acquire moral insight precisely through their exposure to
structural violence (Chakravarti, 2003). Women’s suffering in the epic is not merely narrative excess
but a means through which ethical contradictions within social and political systems are revealed.
Silence, in this sense, becomes a form of negative knowledge—one that signals the inadequacy of
prevailing moral vocabularies to account for women’s lived realities.

Reading silence as knowledge challenges masculinist epistemologies that privilege speech,
debate, and textual authority. It also complicates celebratory narratives of Indian Knowledge Systems
by foregrounding the epistemic costs of exclusion. Women’s silences in the Mahabharata thus
demand interpretive attention, urging scholars to listen not only to what is spoken but also to what
remains unsayable within dominant frameworks of power.

Conclusion

A feminist re-reading of the Mahabharata reveals Indian Knowledge Systems not as a unified
or timeless tradition but as a dynamic and contested epistemic field shaped by hierarchies of gender,
caste, and power. Far from occupying marginal or decorative roles, female characters emerge as
central contributors to ethical reasoning, political judgment, and philosophical critique. Through
speech, protest, negotiation, suffering, and silence, women articulate subaltern epistemologies that
challenge patriarchal monopolies over dharma, authority, and knowledge production. Figures such as
Draupadi, Kunti, Gandhari, Hidimba, and Sulabha demonstrate that ethical authority in the epic does
not emanate solely from kings, warriors, or sages. Instead, it is continuously negotiated through lived
experience, relational ethics, and moral dissent. Women’s interventions expose the contradictions
within juridical, political, and divine authority, revealing dharma as contingent, situational, and deeply
implicated in structures of power rather than as a stable moral absolute.

Re-centering these voices has significant implications for contemporary engagements with
Indian Knowledge Systems. It challenges uncritical recuperations of tradition that overlook internal
inequalities and underscores the necessity of feminist critique in projects of decolonizing knowledge.
Recognizing women as knowledge-producers and moral agents within classical Indian thought
enables a more inclusive, reflexive, and ethically responsible understanding of IKS. Ultimately,
attending to women’s voices—and silences—in the Mahabharata affirms that subaltern wisdom has
always been present within Indian intellectual traditions. What is required is not the invention of new
epistemologies, but a transformation of interpretive frameworks to make visible those voices long
rendered unheard.
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Abstract

Water pollution caused by untreated municipal and industrial wastewater remains a major global
environmental challenge. Conventional sewage treatment systems often exhibit limited efficiency in
removing recalcitrant organic pollutants and generate excessive sludge requiring costly disposal. This
paper presents a conceptual and integrative treatment framework combining ultrasonic cavitation as a
physical pre-treatment with microbial bioremediation for enhanced sewage purification and sludge
valorization. Ultrasonic cavitation disrupts sludge flocs, reduces particle size, increases solubilization
of organic matter, and enhances pollutant bioavailability, thereby improving microbial degradation
efficiency. Subsequently, tailored microbial consortia accelerate organic matter mineralization,
nutrient transformation, and pathogen suppression. The integrated process reduces sludge volume,
improves biochemical and chemical oxygen demand removal, and enables conversion of stabilized
sludge into nutrient-rich biofertilizer, supporting circular-economy objectives. The proposed
framework offers an eco-friendly, scalable, and energy-efficient alternative for modern wastewater
management systems.

Keywords: Ultrasonic cavitation; Microbial bioremediation; Sewage treatment; Sludge valorization;
Bioavailability enhancement; Sustainable wastewater management
1. Introduction

Rapid industrialization, population growth, and urban expansion have significantly increased
the discharge of untreated or inadequately treated wastewater into natural water bodies. Such effluents
contain high concentrations of organic matter, nutrients, pathogens, and toxic compounds, posing
severe risks to aquatic ecosystems and public health. Conventional wastewater treatment technologies,
including activated sludge systems and sedimentation-based processes, are often constrained by high
operational costs, incomplete removal of persistent pollutants, and excessive sludge production.

Recent research has highlighted the potential of physical pre-treatment techniques to enhance
biological treatment efficiency. Among these, ultrasonic cavitation has emerged as a promising
approach due to its ability to disintegrate sludge flocs, enhance solubilization of organic matter, and
improve biodegradability. When combined with microbial bioremediation, ultrasonic treatment can
significantly accelerate organic matter degradation, reduce sludge volume, and facilitate nutrient
recovery.

This paper proposes a synergistic ultrasonic—microbial treatment framework for sewage
purification and sludge valorization, emphasizing its mechanistic advantages, operational benefits,
and sustainability potential. This study is presented as a conceptual framework based on existing
literature, rather than an experimental investigation
2. Integrated Sewage Treatment Framework
The proposed treatment system consists of the following sequential stages:

Raw Sewage — Preliminary Screening and Grit Removal — Primary Sedimentation — Ultrasonic
Pre-Treatment — Biological (Microbial) Treatment — Secondary Clarification — Disinfection —
Reuse and Sludge Composting
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3. Preliminary Treatment and Primary Sedimentation
Preliminary screening removes large debris such as plastics, rags and fibrous materials,
preventing equipment damage and clogging. Grit removal eliminates heavy inorganic particles
including sand and gravel, thereby protecting downstream reactors. Primary sedimentation allows
settleable solids to separate by gravity, reducing suspended solids and organic load prior to ultrasonic
conditioning. Settled sludge is periodically withdrawn for further processing.
4. Ultrasonic Pre-Treatment
4.1 Principle of Ultrasonic Cavitation
Ultrasonic pre-treatment involves exposing wastewater or sludge to high-frequency sound
waves, typically in the range of 2040 kHz. These waves generate alternating compression and
rarefaction cycles in the liquid, resulting in the formation and violent collapse of microbubbles.
Cavitation collapse produces localized high temperatures and pressures, micro-jets, and shock waves
that physically disrupt suspended solids and microbial flocs.
4.2 Effects on Sewage Characteristics
Ultrasonic cavitation induces:
o Disintegration of sludge flocs and microbial aggregates
e Reduction in particle size and increased surface area
o Solubilization of particulate organic matter
o Partial inactivation of pathogens through mechanical stress and radical formation
These effects enhance soluble chemical oxygen demand (SCOD) and improve substrate
accessibility for microbial metabolism.
4.3 Operational Parameters
Optimized ultrasonic conditions typically involve low-to-moderate power densities (0.1-2 W
mL™") and short exposure times (5-15 minutes), sufficient to enhance biodegradability while
preserving beneficial microbial populations.
5. Microbial Bioremediation
5.1 Biological Treatment Following Ultrasonic Conditioning
Following ultrasonic pre-treatment, wastewater is subjected to biological treatment using
activated sludge systems, biofilm reactors, or anaerobic digesters. The pre-disintegrated organic
matter serves as an easily accessible substrate for microbial consortia, accelerating biodegradation
processes.
5.2 Microbial Communities and Functional Roles
Key microbial groups involved include aerobic heterotrophs for organic matter oxidation,
nitrifying and denitrifying bacteria for nitrogen transformation, anaerobic methanogens for sludge
stabilization, and fungi for degradation of complex polymers. Ultrasonic pre-treatment enhances
microbial growth kinetics by improving nutrient availability and oxygen transfer.
5.3 Pathogen Suppression
The combined effects of ultrasonic cavitation and microbial competition reduce pathogen
survival. Beneficial microbes such as Bacillus spp. and Pseudomonas spp. further suppress pathogenic
organisms through antimicrobial metabolite production.
6. Secondary Clarification and Disinfection
Secondary clarifiers separate treated effluent from biological sludge. Clarified water undergoes
final disinfection using conventional methods such as chlorination or ultraviolet irradiation prior to
discharge or reuse. Settled sludge is directed toward stabilization and valorization processes.
7. Sludge Valorization and Biofertilizer Production
Ultrasonically conditioned sludge exhibits enhanced biodegradability and nutrient availability.
Composting with selected microbial inoculants, including Bacillus, Trichoderma, and Azotobacter,
enables conversion into pathogen-free, nutrient-rich biofertilizer. Proper control of moisture content,
carbon-to-nitrogen ratio, and thermophilic conditions ensures product stability and safety.
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8. Advantages and Sustainability Implications
The integrated ultrasonic—microbial framework offers:
Improved BOD and COD removal efficiency
Reduced sludge volume and disposal costs
Enhanced pathogen inactivation without excessive chemical usage
Recovery of nutrients supporting circular-economy principles
The system is adaptable to existing wastewater treatment infrastructure and scalable for
municipal and industrial applications.
9. Limitations and Future Perspectives
Despite its advantages, ultrasonic treatment involves additional energy input, necessitating
optimization to balance performance gains and operational costs. Future research should focus on
pilot-scale studies, life-cycle assessment, energy efficiency analysis, and long-term microbial stability
to facilitate large-scale implementation.
10. Conclusion
The synergistic integration of ultrasonic cavitation with microbial bioremediation represents a
promising advancement in wastewater treatment technology. By enhancing organic matter
biodegradability, improving microbial efficiency, and enabling sludge valorization, the proposed
framework provides a sustainable and scalable solution to contemporary sewage management
challenges.

References

1. Djadouni, F. (2019). Microorganisms based biological agents in wastewater treatment and agriculture: Potential
use and benefits. Journal of Biological and Environmental Sciences, 13(38), 93—100.

2. Djellabi, R., Su, P., Ambaye, T. G., et al. (2024). Ultrasonic disintegration of municipal sludge: Fundamental
mechanisms, process intensification and industrial sono-reactors. ChemPlusChem, 89(10), ¢202400016.

3. Ganesan, S., Priya, G. P., Prabu, M., et al. (2025). Efficient and sustainable treatment of wastewater by offering
innovative and eco-friendly solutions. In Integration of Sustainable Development Goals in Water Resource
Management and Agricultural Food Production (pp. 171-185). Apple Academic Press.

4. Khan, S., Bhattacharyya, S., Chaudhuri, P., et al. (2025). Biofertilizer from wastewater: A pollution abatement
technique. In Bio Refinery of Wastewater Treatment (pp. 239-251). Elsevier.

5. Kumar, V., Sehgal, R., Gupta, R., et al. (2023). Microbes and wastewater treatment. In Development in
Wastewater Treatment Research and Processes (pp. 239-255). Elsevier.

6. Liu, H., Wang, X., Qin, S., et al. (2021). Comprehensive role of thermal combined ultrasonic pre-treatment in
sewage sludge disposal. Science of the Total Environment, 789, 147862.

7. Roy, A., Mandal, M., Das, S., et al. (2023). Wastewater into a resource: Biofertilizers. In Wastewater Resource
Recovery and Biological Methods (pp. 211-230). Springer International Publishing.

8. Ruiz Espinoza, J. E., Cordova Lizama, A., Yaiiez Palma, R., et al. (n.d.). Ultrasonic pretreatment of sewage
sludge: An effective tool to improve the anaerobic digestion—Current challenges, recent developments, and
perspectives. In M. P. Shah et al. (Eds.), Developments in wastewater treatment research and processes (Chap.
8). Elsevier.

9. Sharma, S., Sharma, M., Singh, J., et al. (2023). Remediation of wastewater using biotechnological techniques.
In Technology for a Sustainable Environment (pp. 54—69). Bentham Science Publishers.

10. Singh, P., Verma, P., Singh, R. P., et al. (2023). Wastewater Resource Recovery and Biological Methods.
Springer.

11. Sun, H., Li, J., Zhuang, L., et al. (2025). Ultrasonic cavitation transforms organic matter to achieve reduction
of excess sludge and recycling of carbon sources. Toxics, 13(11), 941.

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 66




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

The Astika-Nastika Dichotomy in Indian Philosophy
Dr. Prasad A. Joshi

Associate Professor & Head,

Dept. of English, M.J.P. College, Mukhed
Abstract
The classification of philosophical schools in India hinges significantly upon the Astika-
Nastika dichotomy, a crucial framework that distinguishes systems based not primarily on the belief
in a God (Ishvara), but on the acceptance or rejection of the Vedas as an infallible epistemic
authority. 4stika, conventionally termed "orthodox," comprises the six major schools (darsanas) that
affirm Vedic authority, while Nastika, or "heterodox," includes those that fundamentally deny or
reject the Vedas' infallibility, preferring other sources of knowledge and often challenging prevailing
socio-religious norms. This article explores the classical distinction, identifies the principal schools
within each category, and discusses the key philosophical concepts that define this enduring division.
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The Foundational Divide
The terms Astika (from the Sanskrit root asti, meaning "there is/exists") and Nastika (na-asti,
meaning "there is not/does not exist") delineate the two broad streams of Indian philosophical thought.
While in modern colloquial Indian languages these terms often translate to "theist" and "atheist"
respectively, their original and philosophical meaning is more nuanced. The core criterion for
classification is the stance toward the Vedas, the ancient body of sacred texts. Astika schools are those
that accept the Vedas as a valid and ultimate source of knowledge (Srutior verbal
testimony/revelation), recognizing their authority in matters of ultimate reality, moral law (dharma),
and liberation. Conversely, Nastika schools are those that reject or do not rely on the Vedas as a
supreme authority, formulating their metaphysical and epistemological positions independently. This
distinction, established early in the development of Indian systems, allowed for a rich and competitive
intellectual environment, where schools constantly debated and refined their doctrines.
The Astika Schools (Orthodox)
The Astika tradition, also known as the orthodox schools, encompasses the six classical systems,
or Sad Darsanas: Nyaya (logic), VaiSesika (atomistic
pluralism), Samkhya (dualism), Yoga (meditation and practice), Pirva Mimamsa (exegesis of
Vedic ritual), and Vedanta (Upanishadic philosophy). Despite their shared allegiance to the Vedas,
these schools exhibit significant diversity in their core doctrines, particularly concerning the nature of
reality, the soul, and liberation. For example, the Samkhya school is non-theistic in its classical
formulation, positing a dual reality of Purusa (consciousness) and Prakrti (matter) without the
necessity of a creator God; yet, it is firmly Astika because it accepts the Vedic tradition. The Vedanta
school, especially Advaita Vedanta, is profoundly theistic or monistic, emphasizing the identity of the
individual self (Atman) with the ultimate reality (Brahman). The common thread among them,
beyond Vedic authority, is a general acceptance of core concepts like Atman (Self), Karma (action
and consequence), Samsara (cycle of rebirth), and Moksha (liberation), although their
interpretations of these concepts vary widely.
The Nastika Schools (Heterodox)

The Nastika tradition, or the heterodox schools, emerged largely as movements critical of the
Vedic ritualism, the caste system, and the authority of the Brahmins. These systems reject the Vedas
outright or treat them as non-authoritative. The three most prominent Nastika systems
are Carvaka (or Lokayata), Buddhism and Jainism. The Carvaka school is the most radical,
advocating a form of materialism and skepticism, accepting only Pratyaksa (direct perception) as a
valid means of knowledge (pramana). They deny the existence of the Self (Atman), a God (Ishvara),

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 67




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

the afterlife, and the law of Karma, embracing hedonism as the highest goal of human life. Buddhism
and Jainism, while rejecting Vedic authority, are sophisticated philosophical and religious traditions
that accept the doctrines of Karma and Samsara. However, Buddhism denies the existence of a
permanent, eternal self (Anatman), which is a key tenet distinguishing it from most Astika schools,
and focuses on achieving Nirvana through the Four Noble Truths and the Eightfold Path. Jainism,
non-theistic and emphasizing extreme Ahimsa (non-violence), affirms the existence of a multitude of
eternal souls (Jiva).
Conclusion

The Astika-Nastika classification serves as the primary organizing principle for understanding
the vast and diverse landscape of Indian philosophy. It is a distinction rooted in the acceptance of
scriptural authority, which in turn influences profound differences in epistemology (theory of
knowledge), metaphysics (theory of reality), and the understanding of soteriology (theory of
salvation). This ancient dichotomy continues to provide a framework for studying the intellectual
debates that have shaped the spiritual and cultural history of India, highlighting the co-existence of
revealed tradition and rational, independent inquiry.
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Abstract

In the contemporary educational landscape, life skill education is gaining global recognition as
a key determinant of human development. Beyond academic proficiency, today’s teachers must
demonstrate emotional resilience, ethical integrity, and social adaptability. Teacher trainees, as the
architects of future generations, must therefore be equipped with essential life skills that promote not
only their professional efficiency but also the holistic development of learners. This article critically
examines the concept, importance, integration, and pedagogical approaches of life skill education for
teacher trainees, while analyzing the existing challenges and proposing strategic interventions for
effective implementation.
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Introduction

Education in the twenty-first century has evolved far beyond the traditional boundaries of rote
learning and content delivery. It now encompasses the holistic development of an individual’s
intellectual, emotional, social and ethical dimensions. Within this broader educational philosophy, life
skill education has emerged as a critical element. It prepares individuals to face real-life challenges
with confidence, adaptability and moral judgment.

The World Health Organization (WHO, 1997) defines life skills as 'abilities for adaptive and
positive behavior that enable individuals to deal effectively with the demands and challenges of
everyday life." For teacher trainees, life skill education is not merely an add-on component; it is a
professional necessity. It bridges the gap between theoretical knowledge and practical classroom
realities, helping them navigate diverse student behaviors, manage stress, and build an emotionally
healthy learning environment.

Concept of Life Skill Education

Life skill education refers to a structured approach that develops a set of psychosocial and
interpersonal abilities enabling individuals to make informed decisions, communicate effectively, and
handle stress and emotions in a balanced manner. It is a process-oriented learning model that
emphasizes human values, emotional stability, and social cooperation. In teacher education, this
concept extends beyond academic proficiency to the formation of reflective, empathetic, and
responsible educators.

The UNICEF (2012) framework on life skills emphasizes empowerment through selfawareness,
communication, and critical thinking. The NCERT (2008) further identifies ten core life skills—self-
awareness, empathy, critical thinking, creative thinking, decisionmaking, problem-solving, effective
communication, interpersonal relationships, coping with stress, and coping with emotions—which
together form the foundation of personal and professional maturity in teachers. When integrated into
teacher education, these skills help future educators understand themselves, relate better to others, and
foster an inclusive and dynamic classroom culture.

Core Life Skills and Their Relevance to Teacher Trainees

e Self-awareness — Understanding one’s emotions, strengths and limitations.
Empathy — Sensitivity to others’ feelings and perspectives.
Critical Thinking — Objective analysis and evaluation of issues.
Creative Thinking — Innovation and originality in approach.
Decision-Making — Choosing the best course of action.
Problem-Solving — Identifying and resolving conflicts or issues.
Effective Communication — Expressing ideas clearly and assertively.
Interpersonal Relationships — Building positive social interactions.
Coping with Stress — Managing work-related anxiety and workload.
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e (Coping with Emotions — Regulating personal feelings responsibly.

For a teacher trainee, life skills are the bridge between pedagogical theory and classroom
practice. Self-awareness enables teachers to recognize their own biases, strengths and limitations,
allowing them to teach with authenticity and fairness. Empathy helps teachers connect with students’
emotional and intellectual needs, fostering inclusivity and support within diverse classrooms. Critical
thinking and creative thinking empower teacher trainees to analyze educational problems, challenge
stereotypes and devise innovative teaching strategies suited to the needs of 21st-century learners.
Decision-making and problem-solving are equally important, as teachers must constantly address
behavioral issues, adapt lesson plans and resolve conflicts in real-time situations. Effective
communication and interpersonal relationship skills enable teachers to maintain constructive dialogue
with students, parents and colleagues. Finally, coping with stress and coping with emotions ensure
that teachers maintain emotional equilibrium and professional composure, especially in demanding
educational environments. Together, these competencies transform teacher trainees into emotionally
intelligent and ethically grounded professionals.

Importance of Life Skill Education for Teacher Trainees

The significance of life skill education in teacher training lies in its direct influence on both
professional effectiveness and personal well-being. Life skills enhance professional competence by
improving classroom management, communication and the ability to motivate learners. Teachers who
possess strong interpersonal and emotional skills are better equipped to handle classroom challenges,
maintain discipline positively and create supportive learning environments.

Moreover, life skills foster emotional intelligence, enabling teachers to manage their own
emotions while understanding those of their students. This emotional balance reduces burnout and
promotes reflective teaching practices. Reflective teachers constantly analyze their classroom
interactions, identify areas of improvement, and refine their teaching strategies. Life skill education
also encourages ethical responsibility and empathy, which are essential in shaping morally responsible
citizens. It prepares teacher trainees to face the unpredictable realities of modern education—
technological change, diverse student populations and evolving societal expectations—by cultivating
resilience, adaptability and creativity. In the broader sense, when teachers embody these life skills,
they naturally transmit them to their students, creating a ripple effect of emotional and social
intelligence throughout the learning community.

Integration of Life Skills in Teacher Education Programs

Integrating life skill education into teacher training requires a conscious and systematic
approach. The curriculum of teacher education programs should embed life skills not as separate
subjects but as integral elements across pedagogy, practicum and internship components. The National
Education Policy (NEP, 2020) strongly advocates holistic and multidisciplinary learning that includes
socio-emotional competencies, ethical reasoning and communication skills as core teacher attributes.
Experiential learning methods such as role plays, simulations, case studies and reflective journals can
effectively promote life skills among teacher trainees. Role plays and simulations allow trainees to
experience real-life classroom situations, helping them develop empathy, decision-making and
problem-solving abilities. Case studies enhance analytical and critical thinking, while group
discussions and collaborative projects nurture teamwork and communication. Reflective journals and
peer mentoring encourage self-awareness and continuous selfimprovement. Thus, integrating life
skills through experiential and participatory learning not only improves teaching competence but also
nurtures the teacher’s personal growth.

Challenges in Implementation

Despite its proven importance, the implementation of life skill education in teacher training
faces several challenges. One of the primary issues is curricular rigidity. Teacher education programs
are often overloaded with theoretical content, leaving limited space for skill-based learning.
Additionally, many institutions lack adequately trained faculty members who can facilitate life skill
education effectively. There is also an absence of standardized tools to assess qualitative outcomes
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such as empathy, communication and emotional intelligence. Further, socio-cultural barriers often
discourage open discussions about emotions, mental health and stress management—areas that are
central to life skill development. The evaluation systems used in most teacher training institutions tend
to prioritize content mastery over holistic growth, resulting in a lack of emphasis on behavioral and
emotional competencies. These challenges underscore the need for a systemic and policy-driven
approach to embed life skills as measurable learning outcomes within teacher education.
Strategies for Effective Implementation

For life skill education to become a meaningful part of teacher training, several strategies must
be adopted at institutional and policy levels. First, curriculum frameworks must be redesigned to
include dedicated modules on life skill education that are both theory- and practice-oriented. These
modules should emphasize experiential learning, reflection, and real-life application rather than rote
memorization. Continuous professional development programs should be organized for teacher
educators to enhance their understanding and facilitation of life skill pedagogy. Institutions should
adopt participatory and student-centered methods that encourage self-expression and collaboration
among trainees. The integration of technology can also play a vital role—using e-learning modules,
digital storytelling and simulations to make life skill training interactive and accessible. Regular
monitoring, mentoring and formative evaluation should be incorporated to measure the progress of
teacher trainees in developing these competencies. Moreover, institutional leadership must actively
promote a culture that values emotional well-being, inclusivity and empathy as indicators of
educational excellence.
Conclusion

Life skill education is not a peripheral aspect of teacher training but its very foundation. It
nurtures the holistic development of teacher trainees, enabling them to balance intellect with emotion,
and knowledge with empathy. Teachers with strong life skills contribute to classrooms that are
inclusive, innovative and humane. In a world characterized by rapid technological changes, social
complexities and emotional volatility, life skills equip teachers with resilience, adaptability and vision.
The implementation of NEP 2020 has further reinforced the need for such holistic competencies in
teacher preparation. As educators, when teacher trainees internalize these skills, they become agents
of positive change—mentors who inspire, guide and empower future generations to lead with wisdom
and compassion. Life skill education, therefore, is not just an educational necessity; it is an ethical and
societal imperative for the sustainability and progress of education in India and beyond.
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STHTAT TSISTTS: A1 Sttaer sty g qregT:-

TSHTAT 5161 A7 73787 g Uk Siedd THTEl ST gEgeiqul ArHd UM
AHEAT FATATT. AT S7H T.H. 4’¢ TeT FHE@e To I ATAT. AT AGS el Sraa a1
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ASTTHeE e SATATH ALET=AT ®edT gid. STed JXATHT TSl FTHTIS F AR Grsa gt
FAATH TSSITS=AT FTAIUITER o, FATTHHT SAT(O7 e H ST T GIAaL GERTT AT,

HHHTAT FTHTOME TEATT ST FATRd T AT FHATHT (STS=aT SAThA<ard
qT SATCHTATE, MOTer ar o Aqaen[o [Ggd Iard. eTiHE T, Fgrered o aaia<did
=TT e ATAT AT=ATa [T TATT ZIaT. T HIEh (& o AT ATASATHS T StTadied TTgq9r
TS

rSTTEAT feraTe SETShrST Jrae Fr=a1eT ATAT. RIS g Seaaneie e axaqiaed aiehy
T FATAVTY TITHHT AATHT BId. TTHAT TSI TATARTATHS FeaToT AT TR Rreisa<
T, farerea: foraTsit Agrsti=aT TR AT qihd 7 Horias R 91T aree.

TH. 9%30 A foaTsll AEgrerS=T SvH foaadt fheedTaT ATAT. AT ST TetehiT
gfefRadt sffaw grdt. qod, sfeaemst ofor Mgl J=ar F99iqe ¥ S9da< =77,
IO o STEferaar aredl gral. e TR SemeAr fTarst Agrrsi=ar 797d Faasar=|

HHeTdT EAAT. TILST gl HHeTAT hd @ TTHTILAT HATTRd T SadT AT AT gHETT, THTSE

AT SATTOT TSI arefT ST,

RS o ATgcd g ATaaSdId 7 Tgal Serqul STior =1 gid. AT [Qarsit Hgrrstier
HATAT %G IW TE0ATHT IO foet T8= a9l TSAFcAT 0T ACHATT FHL0ATH TG el HT
STTa 3TFeh ST F TTSTeh T Hehe il Aelel STadaTal A=t ATaee e, §99 ror eagreft Asr
FIIH SaAL.

SIAGTET=AT T¥ATHIGA TH T 1A ! TSTHTAT (5913 AT Fd@ THT HI| AGeAT=4T AT
TogcdT, T AT WPHHA=AT THhadIe Teh THATET I QAT gIcdT. T S Q=T arae J2r=aT

AHETAT AITGd 7 Sadr HIHTSE A0 TET TABET HeAT. AT=AT Sadadiiges AT

TAgTETd ATqcd ATTOr Aqed TTAT ATEA T FITH T AT,
qHTaT SeTE=ar arqa=T TgRfAddT TREm:-

AT g =ar 9T AT g1 UF e TATEt snior gearfatyd wed wigar e
AT Hach STa% STETAE T AT o ATHIIS, AIEhid® o dfdd dqeare ATedd T org. T

I TSHTAT (5o I ATl TPAHA=AT 380 TF Qe T894 FgA THE A, A

Tt START Hd@ T TNAATAST 7 HAT, THT ATAT TZATIARTAT a1, ATddh o TN

TSUHATST el

TSTHTAT SIST=aT ATqcaT= IO FgOTel TATAT I29rq0T AT Fgeiqul &=y, foEmsit
ST ATATITITEAS AT AT AATaY FaSATAl Hheqdl [Saadil. qehieid Lsehid
STEATAT, T T TAEF AT ST STeATT TT=AT STTOe AT HATHYA, TS SETGLOTTHEA
ATTor UfagTiers HasiHed Fed (oo, 37 T Farst Agrsi=a1 ARHEE aaaTasg §99
FLOATHT HTATHHAT (AH & el

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 76




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

RISITS=aT ATgeaTa gH{AST ST AT SaEar =T G6ad seddl. T {rarstt
HEIISAT U0 & ha dTHE ard TG of qrors 1 iy Afasw SAaed=1 LeqoiHar

FEITHT SO el (oA t. TR0, HGTHATEA, TIOT SATTOT HAILaLd o a9l A hAd ™ aradl a3

T TOrETSH HEITST=AT (ST A aT= T JE 0 shet. AT ATSAT AgcaTd GH AT dog, L TaTHATALT

ATTATAAT AR iad AT,

TEAHAT=AT 39 RSTS=a1 AT 98<d #ac% a49TF qaeaias qaiad degd, ai o
AT MUAATAde! (HT Ad. HheT=aT HIBTT AT ETSIT HgTEISTAT S (Ho7 SogqT=1 S
f=tt. SARETT T@, TAEIRT S TS STTHTT Hed Fid ATl Al eddqreft aesire wel
ATel. AT AATEE =T A9 TOaTSt Agrsi=a1 Aqeaiuray Sqgq9r faegT Iar.

RISTS=aT ATqeaTqs TP TAT (B TAAT G U Hg<ardT e Fgurel TaiIsaT=[ A
ATYT. AT fAATSIT ARISIAT FEsT BN fde TaTedTIAT 999 df TS(Tigd, e sror
AT ST SaTaarit dqear=t e Gt a1 f=EmrgeEes 1@ feEmstt #grrstier srast
JITH, TSI AT =TT TIsTeTaedT IHT el
=TI TIT=aT TEIA ITgdT, TSTHTAT ST AT g S 9hi= TATAT T 318, AT I ATHTS

AITET AT PEAd=aT Sihdd dieg GganT Sadr. a7 A e gl U 4,

AT ST Ao Arshehed TR Agca et e NSTE= TR § Fide ATRTd fhaT it e
T AT O WL ITaesiax faeqere [Gge .

THFHAT HIATT SISS=aT ATGATAT A¥ITE hed | APETHA=AT Tehad =t ST
ST TTLIUN LT Bl ATST=AT AJcaATaahTe, ST TAHTHLIT SATTOr eATAATT=AT F=q SroT TS
AT U ANETH AT 33, ATcedquT degd, I o Il ST FEGEIgul glid. AT THTA,

WETATLT, Haate ATor [Radl TaarsaT=l woadT fOarst Hgrrsi=a1 qa1a< Haadl. S amareassg

SH TRUATHAT YT, GHIEATTHT SO e AT IS d =T (A1 g eaaehy A1 e,

TeHTaT Rreg=ar TgRaAtuTdie agearaT sast:-
AT TgRtAd=ar TR Aga & GFedd T hag adreied 999 Jeanatsd s

ATRHATITHE TTRATHT TTgel [ g, T T TPHTAT ST, AT Aqcd T ART AT ST ITH

FLA. AT TeTET TSTHAT 7 I, TIG8T, AT AT AT eqFqaTar A=A on=ar ATeqH A
AIATHT TATAT SR TSTAAT. ATAT AqcaTd TaeT ANHT FTEA T ATAT TOMH g THA =T
TTohald TEaRTetle SATTOT HOTTaeh 33T,

RIS =aT ATl ITAT Teaaagqray sered grar. =T aErsit HgRIsii=aT AReHETd
FALISATAT HheqAT &G ATAT hded LR (haT a1 TTa< 9 T <dT =AT9, aHST A7 ITigd a1
TATAT AUE gTAT. T AT ST AT [aTsit HgRIS=T HITATE ATRISHE 0T dfdsh
el Tashied ATAT. qqca FguTel hdd 9T <07 qog, AL MELT ATALUGA (G907 I, B HeheadT
RISITS=aT a9 £ gid.
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RISITS=aT AgcaTdier Hg<aT=T o] FgUIST ATHT GLGST. AchTeld TISTehl T STTEATAT, TLehld ai=

o
|

o At ATel, 9 af
o

TEIHATU &4 Tael. TarsT f HehoddT AT hdd aehTelid Sauredr 74

T TqTq>T, AT AT A0 T AF Tqraeadrel Seel. gf gea ¢ Tl ax=41

AT FHTLOTIT ST,

A=A Hewia st Motreraar e seerasT e, S=fed go@, Terhi et s
TATAT GhSTHEART AT 9 SATOT HAH T@AT. Hha[=AT H1STd AT O ST eA7AqT 81 TATAT
AT D@ A, TSI AT AT ol SHAT (TSt Fgrersniaed Gwtad Fetl. AHs
foraTSt WIS 317 fRoTTreh Sl SArertersa T Arfor Sraraeri = o,

RISTE=aT AqcaT=T SAUMET U Hg<ar=T I Fgursl =T ATdeh qreha. AT ST, STerd ATfor
HATAT A ESE STH AT HAqAL. g A 28 ATFHRIAL AT TEGF AT ATTSATAL ST
I, AT gL Heheaal = 7 Sadr df ATl o, ATt <A1 iy gerraereft sree.
T AT Agcaries fAATSH AgRIST=aT FIThaid GaaHTaerH AT AT THE TSTATET ATHTTAL

AT,

THAgTET=aT U qTgdT, TTATAT oIS Aqcd SR =aT TATET ATTAThI= IITEL 3Tz,
AT AT ATHTIST A e | Hed TgAal AqeaT=aT AT FIaT ST, ToIeT TAred ! T9q el
TTYT=AT ATASATAT [T IUATHT AT ATHT THG AT, AT AT Aqcd g BT FAHHO=AT eAal
AT IR ST

THFHTAT FIBIA Aqeaiaentd, didsw Jmad sor geareisa qgH™dar ar=r @=e war
RIS Aqca ARl AT Ag<d =T 33dl. AST=AT AeaTal AEaedqH TEAAT FLgel, Afdahdl,
AT STATAETLL ST ATHHATITHAT ATAAT SIS =AT AgeaTqd TTLT0 ST ed gid.
HFTA A daid TPATAT R 7g<:-

THHTAT FTHTIO, ST AT Hiehias qreadi=T o= Feqr agRiHd=ar Jwhaq
AT ST AqcaT= 1 TSl AT TTAT SITITEd. ST T TH AL TTZHTAT [ors11S; T SHaaahTy Srfor
=T STl oTcdd 89S 9 JIOMErET 33ard. i ANTE Uldglies aiad 9 Tgdl sei
HHTSITA T AqcaTaahT®, BT FLAHTHLIT A0 TeATAATT=AT HEATAal ARG ST,

ATST=AT HBTA AJeaT=l GheddT STHEAT TAThiad hdl SHaeqTTh T AlHeid aTiga! SId.

ar S Agca g Afas sfaemmay sreamfa gid. T JoueT oA Jreme fGor, queTeiE

T, TTSTARTEOT SATTOT HTAST(Heh SAATT A {deh ST qadT=l Fa71 gid STaaTdT (Srel1e9T a9l dfdsh

AT TR IrEadl. AT=aT FAIGH ddqcd Fguel STaTaarid, TSlied ST =7 Ti= THIeH &9
AT T I,

AHHTAT ST AR RT=AT F=d TPATAT (So118 F19 Agd e qead grd. =T
T TSEAT 9 Uadr TPAHEY @daas TAE Al Ae S aqeard! gheadl $de
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AATEATHT FHOATIRAT HATRT 7 Wgdl eIl or F=Eyadqr=a1 ITdaias Eeared aid.
g FHTSITT AT Aqcar=ar faferer s et Suesy F e a7 ST saet ST .
forerureEEd=aT g qTgar RS Ag<d AT9F Saadur G T Id. F+T Emst qgrrsi=ar
FREATE FEU(T FAA, TAgMEald SO qfds qedar=T TATEl a9 Hdr. srsr=ar foreroragdia
TEATAAT, AT AT ATHISG SETERRT J=T q9ad qrevar=t e oy, Seirs=ar
freTaEd e seae ferervreraeser faemesi® awa e asara.

THHTA HATHTTSTR TIEAA T AFTSEIAT, AT AT TEATHA=AT THET ATeqT [aedrd.
9T AT TS =aT FA=Trd e AT ~a7, = ST Ao FaaHTaerhar I+ Hg<d AL gid.
AT GHLEATHT HheddT HHiad T saqr ot dfds ged ooy qraar Sfageft e, rgHs
TEATERIAH THTSITT &1 FTEF Ad ST S¥al.

g AT =aT TR Tihad AR TS ATaAT, TATaaTL "dqcd AT FTHTIS qe (a1 T 1
TS ATg. ST Sttanard ARTR RS FacAATadT, ST A7 TgHer [aior Frograrst
SROUTTRTHT ST, TTHes TATAT ATST SAST=AT AT [MEHTdt [T qg<ar=r e,

LT THTL AT, TPATAT (SS1s: T T8<d § Hd@ Uldglesd MEarqed qaiiad T899 o

ATEIh ATLAT=AT ATATIS, TSI AT Hiegpiae faerarelt qEa ae. @r=ar fe=mi=r afor
FTATAT AT THHRTATT TS THA AT TERIETST fRermaets S¥ar.
Ao

TSHTAT ST A7 Faes T9ETsil AgISTi=ar |TaT Jegcdl, < AT TgMTHA AT STOmel_
BICAT. TATAT AT Aqeardl siof Tael el A7 AT Radl FaLSaT=T 37 ATAT, ALA T
SIAgTETd AT=AT TRTEETH HIA AT 3g AT AT FlBTagl AT (AT ARG ST,
e

9. GIETE, . §. ASATET Sagry.

3. FARO, . I, TASTHATAT [SIelT3.

3. 9T, f3. 1. fera=te.

¥, I9HE, . . TSATAT e
. TELT F THFHTATT UARTHE dTe.
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frasTette FT STae=T Arfor Aa=ai=T IV T

I ENED
IT. T, gHAd T
STUTAT SATTOr Srfermer fare Ty,
AT AT AT FeAT AT ATI0re7 Fgriaaned, Her, ar. [&erT, &, arfaes
Terrers et

FAR GRar gamo
T %% - MVP’s K. T.H.M. HgTfa=rmeta, arfors .
fermdts - arfasfaTs gor gor A, qor

YT

TOraahTele FHT ZEEAT B1 T TR SATT07 AAHAT=AT (gaT=l gral. FTFLrsaTd At e
T STAAAT T ATHTT AT ql ATEH ARTAT TSt o AT AT T ATAT qTTor. Teft A
TATAT TAATSIT AETTST=T gIct. T SRITAT Sy ATere 38T FEa =T =T Fgorsl — 50T I8
T ol qLAEE AT, BT (HUT T Agar=T g, faterer gemeom wor srfor fEaferer gaerdt 297 oo+

e, IM=T AR fUaE T AedEe auigdt gred G garn, a1 eel JRuTEEl S,
AAHATAT THEAT AT ATSATAL FIFBITAT AT ATATAT SATANAT ST AT TTSTAT SATEAT
JASIIET, ATTHTST ATFLAF FAEAAAT AN, TIB AMS AGSTL HIHT [LAU, IFE TS (SATO0 T
TH ITHH ATAT LA, AT THAT SQTATA HATCHT ATAAT FHTS HIATAT YA, AT=AT ATETHTLA
TETH STHIAT Trgl ARTESANT aqge TAdH AT TSTTH 3T ATEadl. ATTAT ATARTATHSH TTAAL
FTATGT THITAT AT ST ATl ATATEd (AT HGIRTST GT Th TaTd THd. SAIAT [9raTsit
TEIST=AT AT FUT AGEAT FLHTE gldl ST TR [Gd FAMIE gid. AT AqHAT=AT
FATUTETST e AT hed Il

TEQTAAT

R g7 FIUTLTT 397 A WAt (Afae Thee Scae G A g (Hod. Tgaed dlh

AT ATAGT ARG HALTSAT LTARTANA TALTSATANT g1 TN FIeT. AT [raTSTt HgrersTi=
FHTATTF 0 § ATHATSAT HATITAT AT IUTHTST AT FHT TAFHTEHTAT ATAAT S0 TSN

TEAATHT BT, FATAT TATSIT HGTITSTIAT AAHATAT A1 AT HEAH FLOATEATST (H= Faed=

fahTe Fer. T 9 fafeeaar seme, arsEr asusi= STaaT iy 9gee  SHaeITI=TeT

TTCH e, ~ATd, STHIT T ATHREAT STRHATHT SHAGSTAUT hefl, ZATAT TETSi Ag TS+
TG ATAT TLELUT AJCATHTST ST AT 0T OIS TTHE e, AqHATH STTaT GETT0r Ao
—~ PN . IS o
FUT FARTHTAT ATAAT UM ATHT FHT 0T g T T Agear= 1 ANTETT gId.
ATLATA AATAE T Tl AT BISTEET AT g HIFHT TTEETa SATAGgT Agd. TR, 7T
AT ST STHT T THT, AT TAHT D I, ATHLT GHaDT F TS gl Hehe HHTIT gia T4,
THD g T TIHL §ohe allg . AT Ta&d ST . T SAIAT (TS HGITSI A1 oA Tt

TSATHT IHHT AqeATH S had! 9ed degd. HAgISi™ T audi= &0, T899 JATaTeaaedT
TSR A T TR AT T TAHTHT HILATE T FHIAT Tor=AT HATITETS FHeA TR 0T T, AT

FIOTHN ¥Iq @ % AIL AT IcATad, AT SATEATHe AT TET A0 TSATATHLGT ATeH
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THTOMT HEHd, IT HEGAATEHe TSATAT HLEA0 e qTedA TCARITEA qEieradr, T Adm
TTSATH FHedTI 38 TSI =AT TSARTTATIS HATIRTT G gl
1. et Tt FEE=T AHT FI.

2. TraehTetir STTHAT= TR ST,
3. AT foraTSit ATt STt SAAEATI ST ATE,

4. TrashTeIe TTF=ATAT STFITH FI0T,

QT
HALTAT TTHTT ATHTISE SO AT AT hxiag 2ol @8 g, TeITd Ol g
SUSHTAFaT THE AN AT agaiefl @ TR Adieass daegq a6d. ATHoS frasHTear

FSAT TAEATT qT g q07 e ATREEIA THATUGT ATST=aT GESAT=AT HIATH STEd gid. 9T
GEATHET TqAEL, T, IS, AR, A, TS, 9@, AT, TG, FIRF(L, T a3
TG 3T e HAL gld. GSATHE At T T AFETT gral. AT AFaTT g1 RATTLT HAZH |
SIUTTT AT AT S YT AT I2AT ITAA 3TH g ATgl. ATHS ITATEATHT a1 T2 1@Td

ART, FIOT ARTEAE F T IATaT ATATA HIATALT HIST TEAT. FZIAT AT AT FRabIa AT

SATATHTST T TIA:=AT IELAATGIHTST AT STHOTTT THT AqFLT MTA=AT AIARTLIHS il = .
TETST TEIAT Y, T TG BT THT HAAT STs. FgUAT [ATHRTBTT GATAT (AT T HETITSTIT 37T
TS ATAHATT AR FISTATIH T+T SUATHT SATEAT e [ il
e STfor ST T
foraeTelie i ‘Tiedy ofur ‘FST | T AN U= A, ‘FIST e’ Ul (U= THIT

TTOT AT TS TEOTSl AHTgd =T STHIA. ‘BT 3 = TAeT AN @TeA ST {OawT=t STHI aArfor
AT TE T ST ST 9 TR gId.
= srae:

o TREI-ATHTAT T AT TTVATHT HAEAT hieA T ST 3TH,

o HITEAT STHIA, FIATATATA STHIA SATTOT SFAAT=AT TTUATHT TTSTAT SAHOTAT STTHAT 37 FH=e=

TR I,
TGS FT:
o SITHATHT AISTO Fd A= I ZTAAT ST 3TH,
o SITHATSAT THITHATL HT ATHLAT SAT%.
o NI AT T HIF FHLUATAT A3 BIal.
QAT FETTT:

o IAFTATS FATaY FISHT TTaa<aT AT,

o T THAATHAT AT FHIUATA ATCAT.
o ATTFHATAT S1-TIATON, TASIIST, TASTL LAT ST T,
EERRRNEISIERREIE R KBRS IR

AT TETSIT TTIST g AT, T TIoT gl AT AqAFRATHT F TBToT ATEAT ITgedl gl

TR AT TALTSATA et 0T ATHATT GETIOETE A9 Tadd qSiavdr= TId % ahol, farsi

IS ATTeAT TSATd q9 ATERT 0 AT A TSl oA 99 SToTeid, # qr
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FIOTATET GHTEAT STET, THIT qeard ARG AT, AT T F [qH Taaedl He A e,
S/ AT FgahTd (HaTd, &l A= ToaT gidl. [SaTavl Fgurel [Segi=aT TRHATIT STHIT JISTO(l FHed
ST (T2 0T qEATd hetl. JTaLraed TOIT=aT A [Tt gor, FLTE LT HIAT STTHA AT

Qlel=<l HIVATHT <ol enetl.
Leh% AT gEhTD HBITH HIST gIdT, AT niisdlg -‘<‘|C1°h,*¢|i"|| ESIGICLR I ETRE L °h|§r\| RIS KL

FTATTAd FLUATT AT ZICAT. S&T. Al (HelLiaed ard Jied quft a4 Haa, I1er 'Jieeras’

TEOTd. AT ATHITAT ZATE Tk =07 o1 AT, THH TSATH I<ATEA ATEUATH HEd HATAT. IT JTT1
AT SIAF=T=T F TTATAT TEERTE I3 T FeT ST 3T,

SASTIET Bl SAAATATHT AT &<hl T, g THIH ST SATEL IAqA dee, AT LTl
Tereroe: AT §F VAT AT TR HT=AT freade TMas=aiar 984t o, SAra A F2ursl
AT AT AEHa | T5. IT FHBTd e THEuITo ThT RATE gid 8. T AqHAT
FASTET e FUATETST AT 97 o SATAF TEr=T AT, 3T FraTsiy AZTLISIT=aT UehT TATT ATHT Fgael
AT, TEH g T fa=asit o ofor srae e sodie daed Taa—a=a1 Hae (THT9 gEITg e a8
FATAT, AT AT ATARTATAT TSTHT F=AT BT,

IBEEIRIC RGN}
g, AT AT forasTeTd ALt A g1 THE a9 gral. AdHATAT THTSTT AT €T gld.
3. oTTere ot araer=ai= T sfeie feurdT qamoamamdt ST frarstt Agrrsti+T °F TId

el TTAT AAHATAT FIT FAAAN [GIT ST AT AT et e,

3. QUT: QI BT TreehTelie Arash-aT=T Y& SHaqT gIdl. d WId, g, dATSl, Sarl JTaa! Hh

EEEE S
¥, qELATA: TOraaRTer ST+t TGl shel. o TTAT, Fgeft, TR, FiaedT ATATEAT T
T TH.
o, THETSE Fad: Tt Adsh-aT=l qTHTIo [fodT GEuATaTST OaTsit 8ISl o+
TS e, AT AAHATAT THTSITT AT €T T3
FIFIAT FAATSIT AGTIST Arfor At

2) THIBTA A= ST qag]
THBTS ATHATAL AT The HHST AH. AT TSRO TERBTETIT SRl

IR, TATHH, HFISTHT &= ATSauITa? AT T, Fheear=ar STl stamar=arqd a9 o ai au
o O o o o o

A TAET GTETST AT ST gIAT. ZATAT FATST TgRTSIiel TS STHIT ARTaS @rel Arroara

¥ 3. F1d, Teag aigvaET 9T QT I Rasa et qrer=t oFaedT, JRaqe de- arft

RIATATHT SHFEAT 90T S STl HISAT STHIUTT FHIAT v d hedT,

R.UTHA &0
et BT T TEHITEATAT AT AR =T gIaT. T At & At FHIOMT T 1T 4,

AT HLEAT FSh ST ZIUITATST ATAIILIAT, TG, IS ATAT Th GAAT (QedT 1. TH. LS8R
AT AT ST TTESETATT 4TS AT g Vet Fefier Tergare aefier =, &, qor, arersh soamar
TIAE FIETATON FTETETAT SATATHAT Tk LAAT (ST e,

3) Fereht TSI =T
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ATFHTT=AT TBTAT TALSATATA TeAdh! ATARTN Gl TTAAT AT . ATHT [TBaIH HLId. FUA
HETLISTIHT STIeAT ST TAAaY S[qd 7 HLOATATST TeAsh! ST FSah Meaid aTehig (ael
g, ATa®A HgIrSii= g Fhdl FedTael gid g9 T9% gid. TgUAd Agis\r ‘Tad=T el
2 ST 2.

3) TEHITEAT qThIE

93 ATARTITHTO AT TASHRATA [ohedh ST, SATRTATHhed ToiaT JH gid 7.
AL TATAT ATSTal ATH 335 4 T ST Tch AT AT hedT e d.
¥) TIAAT AT

TATAT FETSIT ARt TIA=T ST ST ZraT aiigl OSY g3 ANTS I FEOTAT Tl
TETITSl e eTeaid qATad T,

JTEFATA, TALTSATA AT AT T SAATAT T AFGETT AT T ATEH ANTAT TTigot 7
AT AR T ATAT ITTor. T ATAAT SATAT @ISt Fgrrsii= grat. frawr=it aasm-ai=ar
FITOTHTST ATTOT ATHRATAT ST FoAT HEAH FLOTETST STeTeh SUTT el gl AAHATAT TTHEATH
ITAET=AT AT AqAGH @M AN ITSHH doba¥ 9 TaTrefiv aret a2 av a9l arrsard
ERTGTH b a9d 3T, “UfT AT ATerE ANTAT TTigsl. AT T T ST & T; AdHhT T

T TS TOE, AT AT T q€ e T, 99 7 Frer=t Ad+=Idr g, sEadr forarst
IS TR T AT Tgred 0T e20T @l gid. ATAATT =47 ARl g

frETSit ARSIl ST €0 Taae!, ATHEd TTHEAT Grh=aT TRTqaTT J1T AR FHT,

TSI STHIA ARES @Il AT, a1 AqETATAT THFATT g a0, <k ANEE AT

ST TR ST 0T, FIATTZIL TTETETE A TAT qTU{T [LAST FHT0[ AT FTEAT AT ST d

.

Ao

g, ToraenTefier FHT ZrEeaT 8 ST ST SATTor Srasw A=At fZar=’ gia.

3. TEETT AaEATET F FT SHGET AT gl

3. TEE T A=A FATOTHTST SATTOr QIR HT AT FoeIT HeTH FHXOATEATS e IUTH el

¥, BATAT TAATSIT HETITS AAHATT AT FLATT SASHAI A3, TF FgUA AAHATAT HT ATATHT FEd
T AH.

AT TAATSIT AGTETST AR TohT, TTUedTs, AL F=- AT FHREATT ATHE AT0ATET

Had shid AH9d.
o=t Sras=aT=ar fBary =® ST el grd.

Tt STHI AISTOETST HIETAT ATIT AT gral. T FISAT TATATR TS STH FgUrard.

&

e o

AL ST AT A A, (ITHATT R0 ¢ 3), famsht 7 forasr, sgada whrem, o

ANTATS TETT, (AT 0 ¢ &), “ATHTISIE HTer TZdT el & a7, AT qTeATT THhee, I,
HIHATE IRTAT AT TR et (R 02 3), et frarsit Hgrersti= FeaTorTeT e, Fee Tiedher, To.
el .77, (222 3), Frashrelier wgmry, TIsTgd TohTer, o

HIY FH€d, (R0 o). . forarsit i arfzfers wfawT frat @ frast w2, foewm wwre, Fegrae
FHEATT F. ., (o Q\8), FATAT FAATSIT AT AT A, FEEAAT TIoATIRT AT 9.7, Fiegri

f“fc.“f”./*)f“’a'
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FFRTATIR AT AN gaeeri=ar . . ven= FHeas
fagwor

AGHTH AT
T TS AL T2
Terrere faameft
YA % : FHARTET T FeAl, AToreT 7 fosm wgria=neay, qrerr, . fie

1) MET=T (Abstract) :

AT (AT TZHEAY) Ieg[Te FTa= Y FIBTHES HgIRTgI=aT AT, TSThiT o ATTeH
FrehTETa 3T AT AqerelT A1g. BT ool gt 9TE HLETIRTRT d g8 IcATaATd ST SHET g,
FTFALET SegdTdie AR Tghil TaEe =1 Heq7 @l Aol FHA T TaEeAT=47 ATeHIA
THTSTAIA e AT, SATIATAF, FTRMT F FLENT FRAT AT FoLasT wed Sregr=a
FIFTEIAT ATAAT QUATH T el AT,

AN FgahT<l |7 AT ITHEAT AR fFhaT agdr IRa i weard, TomHT =T JeT
AT AZLTT STEA 3ATg. ATTHATT ATG AT ML 1 TLATETEA HageredT 13 AN T8l
qaEerl a9 2014-15 T 2020-21 IT 7 FUHET HHATT HAedT Sa1 F AT heded Fst a1ed ATH]
AR AT oA TAEWr el AT, ATEATARIL SZLATA AN TgehT<l HeATH 1T HISAT THTITET SaT Hehefd
Foed T HTETHTAA FSAATATGaATY TATHHIAT shefl AT, T TaAeeT AT [ 1 ST ST A1
fafarer Stie SHTITeh AR gIaTd. THeh! ARRT TaEed il RashedT $aT F TG Feldl HorLasl
JTAT 29T ( Fol-5d THIT ) § AgedTd g, dgahl< AN T Hgrg 1sg o Fut qaeer
AT dear=ar MauTgaTe sl #1.21.390 60 0 70 % =37 ST STH0 AT e,

TET ARSI TAT T@A Hasoedl ANl Gghil qaeed=r 7 auiar amE<d
HT.ET.29T 76 % STEA qT AR STHTITIEAT ST Mg, TS AN TAHEAT=AT Fordled Aqqd a18
Bl ITT G ATeel 3ATg. AT qLaAdr (Lequidity) FHT BISd ol AhaThi=l STETH a@ (o AT
e, TEHH Aleaai=T 59 Hhead o FOIAETaT AT TTAHel T ATAT ATl Hlegle 19 =47 99
2019-20 & 2020-21 =7 UHAT fa=R FTAT H.SIMHET qT@ ATAT A, ATD Flegie 19
HETHTLIAT S@ Tl | E1.38aT Aeqviia Jiage TRUMH AT ATl
2) gAEHIAT (Key words) : SITRTITAIIR Tgx, AW gt qaaedT, €1.31.em.

3) wEqTaAT (Introduction) : AR ATRATRIT Seg[THed HgHhil Fadaid HIs & ATIA
FA ATHES FAT ThIAT IURT, FUT TaqAST, FUT G0, FGFHT qaqasT, gt shiiT, qara

FRATEERT d T IATET ITAT TTEATT THTEET HTET AN, AT ATETHTIT Tghl STARTAT HISAT
THTUTE ATHIOT TS ITAH & [aeleAT AT, AT oogl d AgLT=AT TH AT o
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TR THET AR Tt TAHEITHT AAVT ATT SAHTT T GEATHAT T (=T AT R i=T s
FLOT ATAITF 3T,

AT ML AR Hgahtil TaEed T FashoedT Sat F ATAH helel wordred g aT
TEAT=AT AT Foeay TRos FE0Y o FhT &0AT 30T AT Fol-5d THTUTH eAHTIT o
T[T ST07 SF9TF AR, Fiol-od THTUTH HeTHTIA F [F2[TT FLOATHTST ATgod AT HGIFRTT qTTerah
& Haee AT, AT ASATHTST AT AT 97 AN TgahT<l TqaeqTaaht Mass 13 Heii
9 2014-15 T 2020-21 79T 7 3T TUTHET Foled ol ATeT F SAT=AT T THEor FLoamg

=T 219 FETATH TgaE [AAN sTfaee G F9l - Foareary Suasy ea=et X 100 / St
qaF THHA FdTed el g€ Fedme aaar (Liquidity) foeere Tgume A1gl. SEaisgd sa =0

AWM AT JeaT Aeft 39 qEaia a2 wedl I dATgl, FR FET Fiddd wordled Hied
FALTHTST el AT o AVITTAT TA HLAT AT ATal. TEA GEAT FHI THIINT Forared el
T HEAFHE ATEq ALAAT I AT FHI TS AT HEIA IcTH FHI gIod GeAT TIATHES ST,
9Tl

TEH T T2 . Sr.2em el Y9197 60 F 70 % TLFATE STETH g ({8 sholel allg. AT
STHTOTTT HT.ET.LMT SAHATE =T aiadl HAH T TguaTd Had gid aud FHflaiie ATSIrer
TR IcTS THGT THT AT AU gl Thadid S1.21.3e T Agia qaied ey qeqi=t
st feorclt |qefta Trge STt 2.
4) gaT+T ( Review of literature ) : sTSTada ST & TgHTLT TAEEAT |T. 9T HIATT ¥
FLOATA STAT A ATHET GTATA GLTET 1@ T A= THTAL e,
1. oT. BT 9T (2023) A Case Study on Low Credit to Deposit Ratio of Urban Co-
operative Banks in West Bengal, Journal of Research in Business & Management

T eI AELTHeT A@HiAT T aaAefia Tsamedia Gty Regna smeaear anml
THEHTLT SRTaeht AT TV ST.X9T= STHTOT ST T ST, FHT HT.ET. LT A0 T ATaA 3T JTTad
T[T et 3Tg. AT ST ST 9.3 TSATd o ARRT HgahI<l dehiear Aaiaid e,
2. TS99 TSFAT (2023) Trends and behavioural patterns of Credit-Deposit Ratios of
Scheduled Commercial Banks, NABARD Research and Policy Series No.12/2023

T AGTHET AGHTAT ATLATATA oTeleh TSATHE eI ATATT S a1 1990-91 T 2020-

21 AT FTATTTATA HETILHAT AFTH T [FHUT Fed ATAL UM @ ATAAA Mg d. AT BT
AT <k ASA ATIILN SH=AT AT .
3. ot aiar gt gz (2007) An appraisal of the performance of urban co-operative credit

societies in Ahmednagar Dist: St IR sAeeaHT ALATeT [FAamds
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7 TU=. ST HMLATT HMLIFRTT TFHIANL SegdTd I w1, TAST F TG AT Tt
22 HEITAT 1194-95 T 2004-05 AT FTATA T T 1. 3T, 29MHE TAL AT STHTITTHAT STEATH HeT AT,

L HETLATT S aTd e qatd 1S AR & AT AT ZL=AT FHTAL ATl

4. #ft R UH AT (2005) Working and progress of urban co-operative credit societies in
Sangamner taluka : ETEEETE Bl Or [A=mdis

T 0. T FTEATT HATLHRTT HIMHAL ATAFATT R FFAAT 20 AN Tl Tae e
1998-99 T 2002-03 IT HTATIL T FHT, AT, ATSAA F ATAT [ATHANT, T Terer 57 FsT, Fsiared,
T. AT AVATH AT Mg, TEL HTLT g TIHAL ATqFATRA FATEIT 3TMe.
5) fawam= #g ( Importance of topic ) : AR Tl TAEEATHT T 3297 2T ST Feashres
TATHYA Fsf ATT HLOT g1 ATg. AT AT THATAT g1 (S9N F FRTg o7 o e Feft qaeem
AT dEar=ar TRUAERITETe ArEel |29 THIT 60 T 70 % AT I {0 TS 8. §
THTT SEATATHNS A= T@ e HgcaT=T g, SI¥ AN Ggahlil HeI=l ATAThe AT a1
A9 THHA FordeT ol aL GedTe aadr (Liquidity) foreerss Trgome amer. a7 fadia sdeisgT
SAT=AT THATHT WO ATATH Fedde d=l Tadl FLATHRN (A [Aed® T ATgl. H
FoaTed fAfre FTATTL AT el STT AHATT T AT T FLAT AT ATal. ATSAS ST FHHT THTOTT

FSATET hel T HEAHE SEq AT Wl T FHT HordedTHs HEA= ATAH IcTd FHHT g1
TFEATAT AT AT IO ZIed T qIeITHed STOTH1 T aT (FHI9 gid. Tae Fol-od ST
AT TS ST §E=T qEadT F TFT= THI T g i Rt Firedt Tguame #ad
g, AT =TT FTar |11, 29 Fe=a7 affea fFordias aforms FTomT qgcaqul geh Aaedr
AT AT F T TT Z0T AT 9TqF 3.

6) ST2® (Objectives): T&qa FATTT=aT TATHTETST @IS e F=IT Saq’ e,

1. ATGATAT ML AN gLl TAGEATHT Saerel H1.S1.XT THIT 60 T 70 % AT 99
TRuT=T qaar FT g AT He JT=T 9T B3 [T T,
2. ARATT AZATA AN HEHET TAHEIT=AT H.ST.e THTOmEY 99 2016-17 Hefie
Tleaai s ATAIT TOTTHTAT STHITH FH0.,
3. ATETATIX AL ANRT HgHl Tagedi=a7 1. 31.2e JYHImae a9 2019-21 wefier
Fegle 19 UETATIS ATAAT TROTTHTET S¥ITH FHL0.
7) IfRa* (Hypothesis): SITe faro=me siqae @Telier Tiadeh SavATd el 3.

1. ATRTATAIT T AN TZHTET TAGEATHT Sactel HT.E1.39T TH0T 60 T 70 % AT <ma+
T=hFOT=T qaaT H0d e, (I aideh)
AT MELATA AN TEHILT TAGEATAT SaActel AL THIT 60 T 70 % AT 9ITE
fARuT=T qaar FT ATl (TITAT T IaT)
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2. AR ARG AN Tt TAHEAAT SaAcTel HI, ST, LT THTUMEL Aleaai=r hiordrg!
farore witsper oo Arere g AT TR (I TRia)
AT MR AN TghET TAHEATAT saerer H1.S1.XT THIOMTET Fleaar=T Tage
IO ATAAT fofq Il (T [erah)
3. AT A AN HghT TAHEAT Saoiel HLSLILT THIET Fegie 19
HETHTLET HTdTg! (G TTaged TROTH ATAAT R8T Id ATel. (I Taid)
AT ML ANRT HgHhl TaEed=l saoel HLSLIeT THIE Fegie 19
HEETAT STage TROTH ATAAT fagqe Iar. (TI7T qeias)
8) e qeadt (Research Methodology) : sr<aTaT3t STfEearT e erg<rdiar £2.31.03.2021 s@¥
AT TFT 97 AN HEHT TaaeAivenl [Hages 13 AT qaeedi=t a9 2014-15 T 2020-21
AT 7 AT AUTHES Fefel o ATET T SAT=T ARl AT FEAT AGTTLA gl Fgorst fgeiah
HTATGIL HHRATT AT T,
9) wrfedi= fAgw= (Analysis & Discussion) : JTRTITER AT AR TEHIA TqGei=
=329 T F T AT G g,

(TS ATHST THTT %)
TeT T, ST, Xe T T % TeqT
#. | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 ﬁ'&’l’q
LI A
%
1 80 76 77 87 85 86 81 82
2 82 80 84 68 61 44 46 66
3 40 38 42 37 75 78 54 52
4 58 59 60 60 65 66 66 62
5 48 42 30 44 42 40 3.AT. 41
6 73 82 88 81 63 48 52 69
7 58 56 55 57 61 60 55 57
8 54 61 70 62 58 56 21 55
9 52 42 56 58 58 76 76 60
10 90 74 97 81 76 88 87 85
11 79 96 79 93 76 0 0 60
12 3J.4T. 61 70 72 68 85 80 73
13 | 3 170 185 207 230 257 278 221
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qT 78 76 81 76
T 65 72 76 77

(1. ATEAT ST — HEITH JLTHH AGTILEAT AZATA 2. 3.AT.- ATlgdl ITAse ATl )
T=A- 1. 99 2014-15 =T . 3.390T 65 % ATEeT THUMG g, d75 a9 2015-16 T | 2020-21 =T
FTATALTT HET LT THTT 77 % Tdh AT g, T 2014-15 T 2020-21 IT ATIATA o HEATHT
TLTELT HT.ETX9T 76 Y% TAHT ST Al ATEeT THIITIEAT STTeq olig.
qT2- 2. ATeaa=aT HATaL T a9 2016-17 LT |29 76 % TAHT SITEd T,
T2~ 3. FWIegle 19 HETHT=AT HTATada a9 2019-20 T HY. V.29 76 % ¥ 99 2020-21 T
TG 81 % IIHT ATAT AR
Teras fRresar :
1. ATGATANT ML AN gLl TAGEATHT Saerel H1.S1.LT THIT 60 T 70 % IT 99
TH=FuT= AT F0q oM. (T Teidh)
ATZATAE LA AN HgahTil TAHEATHT Saerel FY. 21,29 THTT 60 7 70 % AT 99
RERLEIRCEIETS I CRIE IR EIGED)
U THAT -ATAVTAT F-7e7 0.043 AT T O -HoF 0.05 TeAT FH ST [
e ATRTEA A TATAT ToIad AT 3lg. FgureTa HeATehgd HI.ST. QT Srael Yoo
2. AETATAIT AZLATA AN ATl TAEEATHT Sactel H1.S1.IMT THTITAL AleaaiaT Hoarel
ferere wftsper oo e fRE e a9 ARl (07T Teid#)
AT BT AT HEHLT TIHEATHT Saerer IS THTUTER AleaaraT Tagd
TR ATt (& Far. (T Teae)
AreaaraT Ararad’ 79 2016-17 7 =190 THTT 76 % Tdeh ST AT [ e aF
Ramer o Tt [eras ATHIe g, FEOTorA H1.E1.XeM THIUTEY Aleaa=T Hiurdial
ferere wfdsper oo T ATar.
3. ATGATI Ml AN HgHEl Tqaeq =l sadol |HI.SLIeM THOmEY Flegle 19
HETHTLAT HIUATgl (9T e TOH HATAT [GgT I ATel. (T Taidh)
AT M ARRT Hg&hEl Tqaeq =l saael |HI.SLeM THOmEY Fegie 19
HETHTLAT TTaEel TIOTH ATAAT (o Jql. (T [aiaeh)
Fleaie 19 F@TArd a9 2019-20 T 2020-21 =T T V.32 BT 78 % TAFT ALTERT

TATE! STEq Mg, ATHS T Teiad Radd - TadT Teias AT ag. Tgoreia
HT.ET. 290 aT Ao IS 19 AETHTLET HIVATe! 9T STagel T ATerdT ATal.

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 88




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

10) fa=Fd (Conclusion) :
1. ATEATIIT TEATATA AN ARl TAG e #1130 THIT 60 T 70 % T Saqr qLra<s
76 % TEUNST STEq SAATH FHodTed F AT <A ATEe AT, AT LA THTIT FHHT I3 ot
TFHATh AT STTETH [FHTT FeAT AT,

2. AEATT ALTATA AN TAHEATHT ST HHAATIEAT ForaTedTa< ST 9L [&dAT g ATHD

AT TTEE T FsTaTed S0 qeadl A=ATHed T Hqad @il dral.
11) G=¥ (References) : Ta ML HELTHTST @I HEW AT gcd, AZATA T HhaeqBTa< I AlTgd 4T
ST HqAT e,
1. WERTY TSF gt qageT Hame ge@ 9= 17.15/01/2020.
2. TSregT aTaT F Tf¥T quTe= : AgHaT oegl, a9 2015 7 2021.
3. HgFR (9N §haeda : mahasahkar.maharashtra.gov.in
4

. HEHIT AH FATAT Hhaeda : sahakarayukta.maharashtra.gov.in
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SufRwg frerum=r o= sfor e

qT. AT 9. I
UL AfeeaTadt St Herfa=er, TufErEaa aranmae, &g

FEATEAT
T ST Ak GHET ATed. FTAT qT0TTH Hh G AHd| rfoy °h|U||€'l|§r\l 8el EEIR IR ED

. U, THEATH TR0 el T,
HUE T TR ST TqeaT= [Agir

T FHEITA ST, SAATT, STATS A0 STHHUAAT (ASH) AT AT TAT THEATHET TR0
FIAT . T T AT, AT A7 STHRHTAAT AT A1 THEAT UHTH Hob e HIAE Zrard, o
s THEAT FEUST 'SASAT g1, 10T AT (et Tord THedT TGS (HH0T grard. TS+ a7 qai=f
ST (HTET) ATE.

T ST 3T A= qob TR har ‘st a0ear A5 g, SATIHT00 TRt JisdT
FTATAT AT ATHT Heb ATATA, AT AT Hpi= T AT HT0T AT AT & ST 7.
FEFEATAT SASITAT AT FLON T STHA; T Siogl aF S5 AT (G977 Tegears &9 o, dogl ATAT
ATIT FHOT FHSIT BT, ATATHTI AT AR AT THEAT SAd. AT gl So-a7qeaT Afag 9 emor

Fed THET THEATAE! ATHd. AT 9 GHEAH (FAAAT0T) THTLTT H07 ST 3Ag. TgUAE, L A2
IT YA TAET L FLOATHIST AT AT HEhd 1 'qors’ sqaedy g Id. ag=aim,
A ! g, FGUA, AT e LT dTaeh Te0m= Ta=T A7 AT=AT e ATa< =T AT e,
foreror
TOreToTTET AT ITE gray. 'freqor ¥gurst ®13?' A7 AT fgee Jd shi— SATETe foreher
ST, ST ST STTA T (T STToTet ST, O 'T2reror 1. FrorcaTgt SIS raTa (STAerar™) #g a7
AT IE A HIATT TG gId ATal, 77 Teeqom= 3291 F1F TETAq?’ 6T 7 =T ofear:
forero= IRAT
9. I AT AHLHTRI.... : § 3T SATTHTO T AIHETHT TSI 1A, ATTTHATO HT FT AL,
HeT (T@T), TS, T, FTEAAET AT AT TaIq sg1d. AIAT A=A ([F) AT grar arfor
HT HedT (FTEATT), TMEET AT TSTEAT 213 AZ[AHEAT Ih o314,
3. e TOaer .. ¢ (TS[EE 2.33) AT HATE IOH (ISl A0 FHEERT qadi=l Tehead]
HISAT o1E.
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FET=AT A0 IATATET=AT TFTATGA q2fier ST Fereror ey srfor foreqorm= wa=w faege 4.
‘o= Feft ure gra?’ Gar 'S ATt foverr srae weft sErEr?! AT quie dEra e
TATEATIATT IT ATeTgaraehl Ul HigdHed el 3e.
ERNEIESEN(ECIERRY)
AR EEIH SFAa Ay A=maiey: a9« ey sarafa=m i3

(=TT g TEAET ATed, Ty g ST sred, =T g1 =T AT (SSVTT gaT) 3Ty Aoy &=+
(STEATIA) g HATT (SNSVATHT THoRAT) 8. § A== f&ewor arg.)

a7 Ffgawed frerom=t quiar e FEsT STt s, seqart (fore), e snfer sa=e an
ITC TEHTHS BT T AU Fel ATE. SATTHTON FHIZATLT FUIT=T AT 6, ATIIATN AT AT
Tehi=aT Hehedqe foreror qut gra. Sma fererurmaeT § oea sfaard emed.

FATHAT STEFAAT A= FATT JVATHTST THRT FTS[AT FHAT, L FATATSAT Toae ATAAT (oA forer

o o i : [N o
ATTIATHTHTST AT dT5[AT FAHAT. T <TITHAT AW hdd QIS gldl. 9= AETIATd ﬁ'TJT

FHAAT AT TAAATSAT ATLAHTGT AT TATT (THT) FLAl dog 1= [AATITHT Zdl.

AT FEAT? (ST FATHD?)

AT ATEA T, =TT srefe, sw=eita gt ar
(STT AT FOrRadT, ST ST TAT |3 FHAl (haTl ST AT (SwTd FHeal, qT =1 g1.)
Q. AT AT ITEATa (3= ger=e fovsaara)

AT T R, ATH, dfde ST quedt Tga AraedT (reqrer A= forsraara. a&qa:
AMATT=AT ATHEATT g, AT qqT TTgd HIOTATl ITSLATIAATT T T8/ Ao w9 grara.
AT BT A s ATALIHA (AT ST, STIIT ATl ATHS TARTSAAT STHAATT Hel TS g THSI.
T HEETE, fUe=, ATH=aagy AT ArHTSrwRaT foreRara. Eemeataey e e SAragiis
T TS AT, T 1S AT T e 73, STH-3TeH, TH-TA T g HTAT THSA AT o ATTHTOr
ARTUATHT 35T I2aTd.

3. AT AT St (=T srori= St eara)

A= T (ST T Ushol/foaer 3Ty 37AT) S&TaT. a7 fatae &=, &ar sutor foeaiaes
AT srETar. ST 99 TEREAT AE-TasT feAr areataTe gid. 9res Srter e e geaeieft
TS TEATA. HETATATAG! THGTsars T¥aee’ AT o1 AT TATAT Fed Haer o HeAT 3Te.
A= AN grear=aT g fafaer qarei=n fvr fAw=i=m arve 5T aq7d. Meaiqed A= AT gid.
sreatgTea fafere o=, s, Far sfor foreT sfaet STaTd. Sg4a =T = A= s foey
forraaTa 7 AEy Faraed v Woad Iara. T AT ST weTniered =T (e gial.

3. ST e e (3= ga =T e Fear)
ATATATAT ST BT STeH 0T 3TET ial.)
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ATy sfor farsy
A fUsaHey g SeedT qRhiAT A= SR Fard; Jaidar dard wedard, diaE eht
FATEAATT AT FZ AT Goraehte Fwata F = R wear. o fearsamer amreas Sia war.

AT FArAT=T Sifaeh, AT AT AT g ahi=r [T grar.

ATTHET AU IAATI D =IAT I (JF) AT Tgeod g, SATTHT JoZ=AT AT

ﬁé"hl( lpd Yedl 3]||5| g gIdal, ATHIHTY \‘ril‘qlijfi@lr\l('l Hodd s SAlHed] ﬁé"hl(l"’ll GINEETGINE

SATTOT SATIATAT FcF qeaT= ! ATV el AT, ATATATSAT STA Tqq AT Tl qIgH, fHearaaor srfor
T\ T AT el aTieSy. 0T IUTHuRTd [Haer @ sg fi— "grard aiweT e A st
& AT STETET. AT ST AZTAT AT, TEF ST AT AT FLAl ar AT g, T8
T[S STHTAT, TUTSld SATAT TLAR[TH AT SA1g. [ BT "I Fer=’ arfor 'sra=y f=' = aivg ey fAqor
FETAT. AT FrAT=T "I =g AreaTion s foehte Fwedl rtor 'sraey feerg |l [&em T fdiaed
AT =g AT, AT foream=T safior forere gra.
AT CIATHET EHTHS A adTd, o ATTHTI
AEHADIM: § T T YU AT 3lTg. TTAT TROMH =T qoarer artor fAersar (RErtom)
YIRS T STEeeaT Tor=T g, yormee Feeor @eanr (ymoreug), @98 arfr
TTOTTATHTETE STSTAT AT9T BI3d ferare ITH gral.
HATHIRILT: TAT=T TF=7 artor g rg. amamds sur, arfes o=fi=T ST, 99T Ushnrdr st
oot (Frg) s T,
ATAHIERer: STEHRTTHT A9, AT T, STSTATAT &3 07 ATCHATT ITH FHor,
AFTHADI: STHTTSIAT SATTOT STHET=AT STHT.
srfersTt forsy (e fare):
ST ST T=AT Sa@ g JaT-SLuT F3d @& I8 Far, af steaarat (forsa) g, qor a7 fas
FET AHTAT? AT "ATHT (FT) FETAT. L FITT SATHIAT AT foed € T FedTomuasit Argashie
ST T ATATd TIH I 2A<hl AT TA=ZETST 9T 318 &l ATgl, ATAT TLAT S AT dTd.
STE AT AR ARG, eI d, T, ACTATIA, AR A7 HIATIT g 9l ol grard
TTHET U3 AT (oI e o, dogl KUl ATHT FgUITe, "Tral Iral U a9 a9, Ag[=d sArrr

TG AY T, AT THAT T=RddT T BT, ST F4T Agd T69d, < HI Rl 99 Flg]

AT 37 AT T, Tk AATIAT T SATOT Aol [ATH 207 SATT9TF gl AT [T=AT I =1
TEAT ST ST ST, ST T 9, T ATT0r g Ih STEl, ATAT (el ST9 FAgd gid. 3T,
FeAedT TN (WTSATd) SaeiedT SETIHTI o o7 ST,
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(Far=rm=fi/frear) == Ipori= Fvie
FTAATH TSN ATTLIF T[0T

ST qogT= ATCHHTT BId Stegl o a9, SIE[Fd AT Ao ITH el ST ANTEHTAT AISATT Fged
Mg hi— "SI, FEAT SATOr S (AT heloll 8T gf A¥ATaTET TEHA T (TS
A" 9, T, =T for A fEm F 9T FIO FII A AT ST T I AT qLT o B
fohaT FeTgd gid ATal.
3. ST

fO=ImfT 27 'JRET STETET. ST SAg[Hed (1) THAT a6 F@Et. "Jg] oS a8 f&har o
qcd. ST STt S5, | A7 T ATa< qTaT (Hadd, AT Adieed ehl d&T=aT T¥ITHT fhar
AT=AT QAT ATAAT ST (A== AR 32 Tgd qras Sttad Sral, T @7 Jg=Td.
R. g,

fo=mft g1 ey smmEr. ST "R T S AvETEr dF 3sr d9d, aF SEEL @3l
SEmatET 418 FAEgE AHel dle Woq ATer, T SeATcas ged A= a< == ATl

T AT SUATAT ITgedT TATT "FAATAT FISISITET (AT I JETaad SITUA J0AT= T=gT
FEAT) AH Tgeol Alg. SAIAd FAT=AT=H Tad: =1 SSET dd T894, Ja3d ATAT ST AT g ATal.
3. TEEAT

=t srgmaT s, AEfEm A1 Moo T . fad Fged e

"STETAT WA AT T FAATT: | T AsedT g Arfeqat=roniansai 1"

el SATATHS AFT AT, ST T AT AT ST M7 Staaiax o Moaer arg, @ aqsa=
ST ITH AT A7 1 1o ATAT A= IOH QMidT AT,
¥, SeTea = (ST 79)

=T orfd = STeeraT ST|TaT. o8 SA<hi= Jg[iae=T G ATIFRT gral. STATard Fged
e Thl— SATA AT LT g AT ST SEATAAGT 3Tg, ATATH & F[ (AT Terharat.
&I I Fged ag:

Feq FasTaT wafa auees: g | @ @ qeaeaTiia IETg {3 7 S 0"

el ST AT g, SATH ATIeAT FATaE =07 arg sior v Jag gt arg, ar= AT 99H Ia&Tell
(FTeATAT) ST L', S i+ g Ael.

T ST LT 3T, SATH AT U ATgl, AT TATAT STTUH =3, o ATl LAY STerd
HATAAT ATTOT STITA TATAT AT FelTgl AT g1 T ATel.
e (faveqom)

YRR BT et FAreAvTa Ufga (ATTeheh) SATTOT STEATIoH (T TToheh) 9T Ileal (=N =T Sy
S I, ATt aartaET ST STURTiE=IT STeT 9 ThIE=aT &= grear.
HUSh I HAIRTHEY Fged e
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"SR ([T AT STEUY) FZUIATA i, I TRTE=AT (o= ST EAT AT - U T SA10r gor

HUCTART: ATHED E79%, T e, ATHAR, ATGaS, ToH (AT, Fed, TR, e, g arfor sarfaw

=T AT STl
T SATETY AT e (rfameft) agp= aret g, fF vt 2.

o o o [ o . "
Klra M AN Qld AXLTqe= dlacd qUA [Haood, qdIXa Tﬁ' dacpHilns S{Hd +glldald— g

A, |l F¥dE, Aqaq, GTHaE A1 F9T AT9ag, T=aT SagE-q00, d&=T 98 (FATHI),
fagfaen, weft (i), s= (Scrase), [t (dems), amEE (THaT), THET ({ifaem),
ataaT, Sg[EE, qateeT, e, TAsear, qUE= A qastaa (Aferd FT) JT qai
TEATT el 3. T, HY Fch AT (T6RTAT STUIRTY) 37T, SATHATT (SMHIATT TEAAT) ATal.”
ERICIRICENE R

9. FaE, 2. ASAET, 3. ATHAE, ¥, ATq9E Y. STA@Eaqm

<. 9= — o A= (Far At asreft gefaa ) o, 2afer — arfora

¢. <Tq — IoaTq s (wfasy e faafits sea 7)<, [Afeeg - srefamer

Qo. Zafaar — Aww ¢ 4. FF[E=T — F9ieme / ameEiT A

9 3. SAfaa — AITTHATE, THTIATLATE, IO ¢ 3. e a=T — gdas / & farero

%, TAAT — SAMAT Y. FIASA AT — AIETTALNA ITATL ATCOT AT FeT.
T TTATA =ht, HT AT TF TA=AT AT HedT ATgd, T HAT SS[T ATCHATT ATl ARl
FreaTaasrett (forspamar=h uga)

TEATIATAT HETT ATAAGTANA Flgl T [ael 3gd, ST [E-TACT TLALATA THIAAT SATTOT AT

TeTd AT Fard:

"g SATAT TATHT (S3a7), ATSATHEN 5T HAT ollg o (0T g 2. (3104, 2.9.R)

"HFT ST Fel Vel (Torsetr) g, @7 ATelt St STet S(Te rfor AT ATITEA AT Fefigt
T g 93" (3199, 9.2.%)

SATSTHTO! S SATHT G (SAT) AT T ST, ATTHTO g A A194T 4451q [aedre 8.

ATONHT EATHT ATEATHET AT (Uaholel ATH) TEATOT HLl." (304, 9.2.3)

"STTIHTOr SATRTET AT It AT A0 AT ATgd, ATATHTN A=A (Sorel AT SATTS A7
GIeT A" (T, 29.4.€)
TI=qH — (I AT GEaTd gid TEedr= giod ol 37q.)
T 9G4 (Question-Answer Method):

T TG LT T=aT HTETHTT FLATIT hel ST

AT AT TEA AT HISAT THIUTEL AT AT IAAT 377,

"TATIATE Hed Ae AL G5 51T Ged aoai (2 e e,
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TEAT dgat (Explanation/Lecture Method):
UYL AT g =T TN g foH7oft fawa.
T TEATETY AT Fiaeq? TS0 el SITd.
STH T, " T dE AACHE T, JT HATq 'STATEAT AT AeaTase= 42 AT faefi=r armae
ATAT 3TTg TH THI,
ST "JAT BT 9 qATAT T (ATX) 32, TZAET T8 I 312, T0AT=T T8 et (F9eddr) o,
AT T &Y AT, TRUTAT T A0 AT, AT T FIdQ g, oaaT T ATHagE g ST
TATHAETAT T IS (3AH) 3.
arefaars et fFaT smaml usHt (Debate/Discourse Method):

o AT ATE ATAT AAATL:" (AT qA<aTAT ST ZIAT) 3TH AT UFHIAT (Head.

o Td MUATHTS! HaTE, ATE, ATE(AAT SATTOT ATETH STUTerd STHar.

o FUNALN FIRIALT AN FUA O THI A SATq ATel, T o RIATHE HE F0d A0,

IR U IR -G

SYMYSHEY AT Tgdi= % U9 Aeq.

o STH I, THAF TST=AT AW AT AoHT ATTO7 ITFT ATHTIOT JT=ATA T AT

o TUET ATHIAI ATHAACHIT =T, "SI ATLATT S0 I qG[ g AT ST qAT=AT

FTATHT TEAAT ATCHT Mg, AT HAT TS HLOT 2AT."
o IATHAHT FZUTTA, "gT TQ@T SATCHT 378 ST qaAT=AT AT 3M1a."
o BT A=TEer SHAT ATSTacHT FEOTTSA, "STT IO *ATH =Ial af AT ST 3ATg, ST AATATT ol
AT a7 AT SATCHT g..."
o FE ATHTCHT HRTATT i, ST ATZUITATAT TTZUIRT 3Tg, ST UHUTATAT UK 37T, TATAT
aTg fhaT UF aohd ARIE. T AT ATHT e,

o ATARA ATAACHT ATV IUET AT=ATAIT QTTATel TarefT Fqeaor fage Iar.
e gramTe (o= = o):
TEANTHS T

T, FAA, e Arfor Freqrent<: AT IATAAT @7 AT (ST ITH giad ST qeaarer

GRIEEIERGIASGETF
"FIAT AT FTS: ATqaAT AeqeAT RiReaTiRasr:" (Feevas sufg)

FATA: AT 3T TS TTRSN, ATHTST (ATSATIRA) Ushed ITIRS, AR kel AR for eqme

(RfeeaTa) et aTfast.
o I TR (ATTT:)
o TH: =TT T (WeaeT:)
o fAfReamm: TE e e (RfReTfaasT)
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o HIATEHL: TIET FIHT =0T (FTA:)

T JHTITEET g THSAA =l STTHUGTHT 'qTer’ FgorSl shdes ATAT=T Ao et Jrfgdt T8
AT (ATHAT) T 2. SToal AT ATCHEATT hel ST AT o ATTAT AeqcaraT AR a9, Jegr=
ATFITHT qOT BId. Fdch eaiH1 Ao Ageardl T89d qearar TAd Hgwd=T g, AT ATHATHD
AATATAT TSQT G AT AT AeT "o A" (KT TG 377g) IT AT Tgr=adl. TAT ATHAATHD

wTOTET=AT A= ST ATt See gl
TR =T (S[FL Arfor aor Tt §491S)

] &1 AXOTAT T g, AT ST qS il G&UTHS AT ST FOTTeAT, " AITa, TAT T[T
forFaT." IR ATAT T, W07, FeT (b)), AT (FT), AA ATCOr JTIM ATIEA FITAeA. T FZUITA:
"STTAA g T4 Siia AR grara, SAr=aTes o Rrad Tgard STty et saTq et grard, O S e
o ST SOATET T F."

A TTEAT e [, TTEIT Hed AL ATAT HS Sl ST g9 Tg] A2, HIU FTATALAT 94 (19

STERATT SATTOT SHTaH SRIAT. g AASedT= AL af Iral duvTehe e, .

T ATEOt SBHeT T IT=T (I, 0T, 999, BAaT Sfor S\eqa) F7 ATaTg
ATOTEHETST I 3. ST T ITRT UFHal, TT FHLAT AT FATHS =adl, T G TZATAT Il
ST ATAT ATH Facs AETAT TR TG SAqATHT JH FHqATr. q1 UTEF [FAugi=ar 46 gmaq qre)
ATIOT ATHHATITHTST (TLTRTLTETST) el
frsaTe (ATl FH qWITA?

T IUAYRTT [AIdTE KT Fgeol 3lg: "TIE T, Fg=avr, =T, 93T o 9y daeq "
st a9, Fg=d, =T s wgT Fi=amae v av A
a, sgr=d, o= ofor 9gT & acd Sg[EeT I SOOI T qadd ed.
HETATAT fA=ATC TUTIRETT AT Teheh [ohaT T [Teheh IO g [ ST STH g1d ATel. FUA a9 (Hga/dTeT)
FLOT ATTITF e,
Sufaufas faveror sfor Iqaer
EFERF

AYATTEA (ST T@TITEH) 3 813 STegl HIUE Sg[sTell Siedr Srafl, degra oarar J9rsl
T (T FATT) ST gral. TEFd Tl Siedl rfor aqrae A=y Heanr g,
q&T.

o O o

HFTATT SATHATH AT AT gId. SATSATHRS FGT ATgl, AT FlG el ATET HE A ATgl hdl (HBg

o o

T ATl AGTe T SHAATT [CALAT A6, STF HIUH AgHT AT ATHAAT ST, FIATAT faTe7]
(T SOTTATAT ATET ). FEUAH SUMURTT "8 S1F, GO 5T 5a" 3TET ITYT ARA Aeadl.
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=T SArfor fArsaT= Hee:

% ofrfor foreamaed [Oar-Taee A7 9d. d° Tged ST wl, A= forearer s =
TATTHTON AT, AT SATAT FAST=AT HA 0T FHeATTH1ST qad ST STeara.
srqerma (fore):

AT SATTOT TS TG SAATEATT gaTd. Jlegl ATEIT HLATd AT AT AT FLATa.
FOIT AATH qTAT Hied I AT ST I FLArd. diiid IUAuar=a7 ferereamara forerom=at
et "=reATeq 39<9r (Convocation Message) SAMEAT=AT 4T AT STTaT, a7 4T "WgHT ac
TTAT. AT ATALIT FT. FATEATATHLY (TEATETT) Fefigl AT F& AT, AATAHAT T STl &=
FIUT Fed [EATTHATT TALT FIT SAT(OT TN G2 g1 <3 AR, TATITEA, SHTATGA SAT(or
FATIT=AT AR Fefigt E=fera gres Ta1. 3a efor foaei=ar S1aid 29T &% 961, 1S, a2,
% SATTOT Srferft =T S@THTer 9T, St w7 Aeweis sgd, AT a9 w4, A ATal. ST St
FATAT A (A0) Aed, A=A Tral AL Fl."

T AR g, BT IUSLT g AT g Jard 1T Ay, AT ThL (Oeqag Aoy Far=mil
SHEATETST 3 STATHT Fiae o,
qE (L4):

SufAfaE e Sfaw T ‘ATt (Faa:aT Aed) g e,
o "IATHATH T AT, ATIZA UhTH, TATAL HAT FHL[o SO ATHH ML (24T4) Fa."
o SIY AT STFATA ATAT STV T3A STAATH AT g, ATAT HIS THATT .
o TH YATHE (VTTOHTATA) T TLHTEATAT ABET TIATT & AT SR H<h g1 STHL grara.
o "TUTT (%) T AT e, SHCHT BT AT TG A0 FF] § AT AT e
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St DI Sl AT f¥ege A TR
T, BT, AHIAR TRT0T
AT T TSR, $TeaT "gTieanay, TUsot

T, A Afege AT THTSTATET TTAT S0 2 ATEe 1941 FHTERT ST HATAT TqaAT qLt
AT STl YT ST AT B FodD, T dodd 9 Adail qode A9 o, 07 fe=amdise
THTSTATET=AT TTEATTART FEUIA AT T ol TR F9THT TN FITLAT=AT FIHTHATST ATH I
ATLATT SATAIT I AT T DTSN ThaedT T TG AT AT 17 qraieft a7 Jeoet. Bt
JpaSTd ATAT qTS Sl Tl el sAgeq, sfora oo oy giger, agearsan
TEHITATAT FHact, T RAT=aT Aacdt Qe Frd ATATT ST ABASTATA ATHT=AT HIHTT
AT, TH ATA AT TeT, TIATFIATET T, FA-SAASHL e, TTHAE, AT A7 BHhT Foa5
TTAT TAGAT Tl SATAT. HA ARG ATSAT ST STSITE ATAH G2, HGTHT AT B, SELATITE g
ATHT, FTA TTHT AT T SEIAAA [T AT, T qhiaaAT=aT ATeqqTqA AT 197
TTEAFE ATAT ARSI FHAT0 T77 T, 1976 Tedl A AT AT F9T=AT ST Fiwareft
foaTe FedT 9 FEAH=AT ATATd BT ATeAT. 1983 Hed oAl AT AN hed fRaehTe.
THHT AT T AT AT ATe(aaTd HTefNTe T GreterT "erd AT TTevhe qiad
TR, T IO7 ST S ASASTETST HTH e,
et 3R

9. LI Alvege ATAT BT ASFBIATA ANTEATAT ST FHL0T
3. Ffra HaTararad AT=ar A g F:y,

3. oA-sfeEaT =TT SRhrefl STaear Hae T HiI,
¥, AT S A@asEadd A=AT == TH1E TS =l

1975 3 aY Hh Y HAT AATPT AigaT a9 FgUA HITU el SAFeras 1975 IO qga0d
LT Sl TRUE 0T aATell. 1971-72 BT 1 AT d 1 ERISTAT Fileb gral. I3q AT
FoAD I TEUTIAT T AgFRT SITed giaT. X, I Sl A==t S 1St FHTSId 93 gIedr. I1=
FIBTA ATHE HHSAT HEET TT=AT TETHTLT ATEd AT, FHTENTE AT T 9@ T4 gid. 1983 7%
HTAT AT ATATT Sregr=ar TREd St Fod@ qa5 T9d Aal, T ASdoid 1. 9, 3dTs
qTevTa, IUTATs W, ANHT 4, a7 I.549. IEear FEsdidr &l Jodaoid g =Jdqdl.
1985 =1 faeT v airelt I3 Bt Tod Joae UHT HisAT ST TITIT ATAL. A = 1
H 1988 AT & gi= SAaree QAT AT TAUAT=AT ITATHT GTAT FHLUATHATST IH LMTeel. 18 AfFera 1989
AT IR &= JHEq SiareT aTel Seg el FATAATaY HEuITd e, IT ARAATHD
TR AT T YeHaHTe, J aigoiarst 7I%hd @ [HaTal, 7a< Iars Sog[Tdie [fedre
ATAFATT ST AR IH Wiger. Fa¥ 9 RHAT 1991 AT FXTE ATAFATATA SR ITATd IUTATE [
FTAT RIS AT Qreft TTreqvr fO ATer. AT 7 AR AATAT SIS A== IO gl [T
1990 TSIt AT AT AIgAT LT TUAL ATATST Feed HATAATAL A HIAT HHATAT ATAbI
HHTSIHITOT HAT TTHETH A& AT S1.I AT=ATT F=T e TIcT<h AT SATET aaad] auaTd
AT, gAY TevdTd IUATdd A<=l B <l T UE Fefed HIogTd el IT THed Sl

RTHTIT EATETSr SR SSUATd 3Tel. ATAAL S, A AT S hl ABaB=aT GIATT ITHAT 31T
el ST T, TueT, AT el 7 AT AIedT J@uiiqe 25 8T Seq eaahiqd o

FBABTAL TRTI ZTHVITAT TTF FeAT. 3T ST, TS YT STy AT T ATHT heA T FTHTAT TE]
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T Fwadia T Iql. oo ag= qHISITE, SagrH, qarsEiasy 25 diwe 2021 TSt
FERTHTBT LT AT,
Aerd

ST, A T HTF Fach G FLOATILT FATRd g7 AT = T FF AT TR
AT T AT gIdl. AT AT THTSTANA Gao Teeh, BT, el AqRl ST ATAT RIS HTH
el ATATEIT THTAATETAT STAZTHTT ATSTal AT T HgwaTo 3TTe.
REGDR)
1) Fias HTTFHTT, SEIAA SAFege THSA AATT, STTHES TlocTahsl, TOT.
2) =Wy Zrew, 12.29/08/2021
3) . =TT, 29/08/2021
)
)

4) T.rer, f.15/11/2025
5) Gender & Technology.
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FEUTHTS : TAF GATAATT Gl SATS T STHATA

Tt. forere FifeaT Aemme

JAITA,

T Feme Agreamad, 9= arstes, aT. Tgrae y, . a1ge.

Tt TTHT THTHE 1 ASaTST F=dis qies I o1, U, G aurardt szt fuardis
T FAYTHIAHFETST AAEAT o0 [T FOMHS § AHANA AFATHFRATAS] A7 e,
HRTTAATAA T TRUTTHT T TEdahTo STETAT T ALTAALNT A0 AT T ST T FHTL(oha TS =0
AT e, FoTay fafae daw Tl o fRoara aga a3 Sir Fae ATgcaddial Jaradr=
I9T ATed. Faua: agTe=maaTdia T ST [Fahi+l a5 qqadr gard. I FETERS AT

TEAOT TG0 ffed srei=a s AW, TSR Sl Sqeard SF S AT =479 Anrard

AT Uk S THHCT Fg0TST AMATALT A0 § U g, A&[, AT, TSI l, ATiged, SEhdt ATd AT

A ANTETT AL ITAT THATT T STHIA 3. AT A RHTATT AT DA Bf ATTMT

HETaTHl gIdl. TTH SIS THTHELAdHl AT AT S(Tad AEeT=aT IF SIFThe TSq AT

AMEDd. TAAALT T ATAT ST FHAAT [UIETHAT G AT=AT GG FEHATT AR adqTHT
foa. ared, qEaTs, AT A¥E a1 oAt AT Stad 995 9™ AT Sadard T2
o fTaa .

o £y [enN o hd o o
HUTEAT AT, ATHD STcHATA %thco A T<heh STTAARAT | g Ushl hlcd T, THTSITH ATfoy depdldgl

TEAUAS 3. SATCHATT gl AT GATHIL AHIAT SAAHAAT=AT ARG THSTA ATIF T4
TEAAT. AT ATGcATd ATCHATLATHT ATHTIO areqd, Fodefier St o SeHIiev=t 95
AT (AT AT g, TR ACHAT g HIST AT AT Hhach Tah 3T T ATAT AT STr

[anN o .
ATHTIS D SIS UTHSUITHT HeTd [T SlldiedH o« 31'%

TR ai e TATAAT Ta=T T,

ATHFHAT AT AT T TR Hg<d AT A5 ST,

FEUTRTS AT AATALS T 0T [T d STHFATATAT AT THA =0T,

%wwe@

TAFALT Aog 0T AT=AT ATHTIST, TSI, I ad TEIT =T SATETar =,
e -

1. AT AT 993 FGA A9 qTiged Tl ded e,

2. TS ATECATT FEUTHRTS & HETATH ACHAT 3TTe.
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3. AT TSIV TT=AT ST T HILhai = LTI HL0l TEQT SAHBAATHD TFT 3,
4. SCHANA gT AT g TR ATAHETST ILUTETAT ST ATAA T .
[ELEEEES
TAFAT TR0 g FATT rgAT= STH gId TEF SFESAT=AT T ATIATH AT gIdl. T AGIY

57 FAFmET=AT STEUHE T SYd AR 0T (HEEed TStehid 9d gld. i HgTg 157 9 A

ZT=AT T ST ATeauT AR TaidT AT Feld AT, ST ATRLAT=aT A+ 3. AT
TS AT, TTSThia, ATTeed, AT e, ATHTIo, XA [Euae, faergiy gag o= 1,
FTAFATAT AT AATAVY AR Fiaefier i, Agrrgran o a9a Hodd 0 F 9ea 9m=t
RIS ITASTEaT AT ATE Y FAEALNT TS0 AT (ST T T AF F1 g ATSTel qaiarora rael
TS, QA FOUTHRTS g ATCHAT AT=AT TR AThAATH, TATATIE THH TATASAAL FIAGETA
TIITHT FRTUT FHAT Fd, g T FOIAT g
) AT TET -

ATCHAT FUNST AGHT Tqq: =TT SHAATAT Tqd:F hofell HISOM. ATq oG £aq: AT Al
SATTOT T HATHAT AL, T o AT TAA:F HISU TH ACHATATH TqET AT, TATTH AHATA

T AT ATHA TTET THIA 3.
1. STIAATIATST 9@ -

ATCHATATH b T =T AHATT STEd. FTAT, TACA, Flfaah STrad, TTHToMH S, STITq-
9T, ATATHE TSTHIST AT == ITq A7 ST STEA o SATRITer qES AT AN,
2. JTHTTOrRTuTT rfer sreradreroT -

AHATATT AGh Tqd:=AqT [U-IMUTH, FR-AITEA Toq9r Fgoor Fear. sreaeqd uer
ATCHILTEAVITAT Hgd ST, TIA:AT TARTLUATHAT QAT STEHA AT SACHATL (T,
3. FHTATTH AT A -

FAGEE HISU g SACHATATH Tg<dlo A1CT . dgdd A=A Seaaga o
AGARTBTIATSAT TSATH T HHATE HISIT HLATA, ST Flgl [SHTOMN ASAT=AT AT ARI-TE AL
AT (GEd. S0 T FIT FOATIITAT FID g ACHATATT HATAH .

4w ST TR He -

ATHATIT g SATHIA ST A ATHET T BT [T FTHTIST, AT, LT T = It

U, FHEHTA T I SaqT §29 oITd J07 puferg o d.
5. iR feaarar sfer arereoT -

ATHT HEHT AT, o AT HATGTCHE AT, AABITLRATEAT ATHATHAT A (AT HgeaTd T S, FTHT
AIHT STh HLOTTLT STH0T STUTerd ST,
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LA THTO T (A= a7 AT Aog 9 TTH FOTHRTS § ALST ATReATA I U Hged T
FTAA T ATCHATS 3T, g AT Xl AN, T ATCHHIATT ATHT ATTAT Straasarer= T, fF=mi=r
ATTOT FTHTTOTR- TSR SATTOTE AT T d Y9 9 |Ad ST Arerg HiSdT 3.

) ITAYOT F RATOT SEATET T e -

T FOUTRTSAT ST AT HATAT AAAALNT FASgT07 TTo FTATOT AT ATHIOT ST TFITHIT

TS 3. T ATAT0T FTATLT [SIog]Ta Il HOUIT AEr=AT FIST ef, JTHIOT TRET, AT FH I,

ToHT@, AT, AT AT J=ET AT=AT F91E7 G TATE TSAT. FOIT T4l af AT=AT Siaars,
TERTLHT SO AT TaT= T 1o . ATHIOT ATOTET=AT §@-3THarefl staerell sqereht I TahuiT
&,
1. e, GEnre T fareyor -

faeTaTs afor Jwaawra a1 Are-aftdiwed Mo Afds de, FEr= gg7d, T AT

[N [aNE a o : o o o i
AlHTSTn Sidid <™ SIUITd AAdenld obnYUl Hls| 31% dlcdlden qdel dant qILedHod =]

FIATHT ST TATIRTT A T2etl. FUeaumaret Fadt geve, Ae=aviiay a1 FIUATHT gl AT

ATA- AT Feolel AREHATATH T STSITIE g1 YATAT Ag<ar=T ST 37T,

2. TG>T SIS TZHTT -

FEUTRISHET HEg T ATAT FATAAAGATAN A AN, FIRTATHTA AT, T Aodb 19t AT
FiTerereht ST AT FTBTATA HIARATH SITAT AEATATET TFATT IANSH ATg. FATASTATHT &l HdD
TS HeAT A ATHTIo0 TAaAT= T TThaT 3Tg, g1 U T 355 ollg.

3. AT ATOET T FeAgs! -

AT HATHTTST FHAT, AR - T, ST HaTeoT, freAv= Ag<d ATaradsl daaahi=l
@A T8, TTRMHS = T8 FgUA dog, T Ha= ATEAH FgUA TTguaT= T HET AT eaF
4. AT T TYAT -

T ATCHATT g SATCHEQAT HOML ATel. ATTAT FATET, T[T, HIH A= TTHTIOME AT
AGH HLAl. TS FATAT IO AT Frsamarear STa grd. ATqerT THor T =47 SvaTs areo
FEed U @ T JAAqLT Fog 0 AT ST T DI 6 el ATATH AT Il
5. At T ATA Higd -

FOUTRTSHT ATHT AT, TATGT F HAGAMT 3ATg. ATHIOT SHEAT=HT (=07, HEstau A7y S
FAAT TTHD T T Fd TS T ACHAT 7 TZAT Uah AT (cqh T Ial.

TAFALT AT AT FEUTHS g ACHANT AT SHAATAT hdch TSTehld ATgl q¥ A4,
AT AT FTHTISTR TATH IS aT@ad. IT FATT ATHT ATTAT STATITH STeAd qTe, TTsies Arfor
EISCEIERE EMET I F

Vol. I - ISSUE — CXXXXI Jan. 2026 SJIF Impact Factor : 8.709 Page - 102




Worldwide International Inter Disciplinary Research Journal (A Peer Reviewed Referred) ISSN — 2454 - 7905

F) FOUT TR FTATAH -

TIATLNT AGET0T TS FTATI FHEOT G AT FIST STHATAT HITE TELT I, FOOT AT gt AT=AT
FTATUTHT HTEET M. T&T, AIBH, AqSTHIA, T T, et Fi=ameft &= araqor 98 Sredd
ST FOUT TETSAT FHISTAT ATH ST Tg<d Iof. T==AT TATSTeT TEIT AT STad Tigel g, AT
T TR HETTeft STEeret gf AT ATTAT THATL Tea1d ST AT,

1. TR 7 goday Strae -

T FTAT ACAF ASAUIAT AT gId. ASATH SF AGMEINA FLAATHS FeaTal
STATIRTATS A AT, AT FOe, AATRT ATEIAATHYT, FEH S(ad AT T@ITAT Io@ o TR T
FAT, IAC ATCHILIEAITAT T FHLAT.

2. EA HEH T FE -

FTATUTAT FUATT AT T AT HETATH M. A *g, fa= g, gewmefiar ade,
ATHSH AT ATHATE TS, g AT TTETU HTT el AR, TS gl ATAT Tlgel & 33T, T8 A
U SED.

3. fererom=ht sire -
FSAM ARl fAATEEa=l e AT=AT FrAqona fodd. amedia SAqed, ferwEn g9,

ATAATHT STAE AT [A=ATLTAaT SO AR [oT= &S STAquTa= Ll Wetl, 3 T FErard.
4. HERIL -

FTATUTATA ATHAATIA ATSATT FETAT qAF, ATCHAHAE, ATHISTE S0, TZIAT g 0T
fAmtor er. e TR 7 "rasttae ShEaAT= S J1 ST w7eAt, g AT g el 3.
Ao -

FOUTRTSHLTS TTATITH AU & Fd e ATSAUT AT I, T THRT HgTH AqcaT=aT TSUTIS =T HT
AT, AT, FoW, Ao 1 A7 HERTETIIeT AT Aehiqe TEaard Feglor I+ Ah<d He
TS, T TATNTI IHET. TEIT ATCHATT T hacs Uk FHeAThad ! 99 R ey g, Fegmr
TT=AT TSI THF GTHISTE BT RATd aTAadTd ATAeTT HEhIqd AaTd Ad. T Frerqor
FUNE TEA T GERTH B FOUT AGT=IT HISTAL AT HA TG AT=AT Fefd o TEq e, 3T FgeedT

o
Alail oXd lgl.

FEUTHTS T Fd@d TATAUT AU ATAT STAAHAAT AT TG, T AGIE=AT ATHTS-

TSI TAgTHTAT TEqUAST 38, ATHIOT HERAIIT T URT AT Aqear= T fe=maofy, gea smfor

SAAgST HHST JUTHTS! 8T U AT HETa AT 3Tg. TTSTehTIT SATT0T AHTSTRTE0T HTHT SATcH AT
AGATHTST AT TTHTTOHTOT T[0T AT STAAT Mg, ST SATTOT F9T=AT TR TeATaT ATHAY

ATAT FcaT=T ZHT IHSATATAAL 51 ATTcArefl Tq:AT AT SIS HA gid. TEqd SAHATA Bl

AT STaAaT=El FAT G AT SaTasaqd il Saday Faesdia qgdrd 8939 98
AITEAT AT, 2 AT M. ARTAATAANT TEOTHT TEQT ACHATS STHATHI (Adid Sraeda T
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T I IRRIdT 39 T 9 Id. Aias Famdis Tqa A= A¥aehde 597
THAHTL AT AT A THH IqTel ATTATE=AT TN U TR [eaah 3uaed Fied (ool e,
TIEALET A0 H<h AP Tlad HeaHA! THeATHe AR 919 o dgT SR Agergr=aT
ATHTIST, T, ATTIF, TS, T A StadT= ! TS T ATqA HgsTdur STFITEdT 7 97T g,
o g T -

. ST HAT HHETAT 1T - ST AT, EHb T 37

FEUTRTS - AT Feg 0]

. HT OTIRee FEATE - HATTRHT ST, FAHT ara

. AT - T T
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T T TOTTEA: Tk qTfoaeh STega+

qT. . T 9. TS

[ERIEE R INECE]
TFeast faramT, 7. 2.3, 74gr.390f f. e

T (Abstract)

AT T TOTeT (IKS) & ARar=aT ageaTedl diepiash, a1 ol qeas = ae Tae=r
qAEAW g, 9%, SUMUR, TG-S ATgcd, AIag, TR, GITALTE, TOrd, FUEAE, FAT, ATied
a7 faferer ATATET=T 0T FIOMLT 1 STt ST A TITEA AT T THTSIT ST T SeATon
AT T ATl 31T, T FAeA0 w0y 2020 FA IKS AT [raT eafor: o F9mer gard 99 e
TH@Ter g, Toqa F9ed TURHeT AT AT TUTAE1 UldgTies STHedT, Jad<d, T 9,

FAsT-3TeTR T gMEdE, SrgT ITATEAT ATTor Feqforh &A= STATSAAT ATAT TFATH el 3.

T AITATHIST [OITCHF HLATEA TEdt aTaeet g Ageaqul I, AZATA A7 ITAsel HLATe

TR ATAT TATTCHS AT FHLOATT SATAT 3T, AFl IKS AT e g1 ST FLTeT= [

ATITHRAT AT HLOATT ATAAT AR,
FEqra«T (Introduction)

AT HERal gl TaeaTdier daid ST AT 995 Tehdianl UF g, JT dehdi=r @y
3T — STTUTaTcier SEAT=T HehoudT, STIARTd IS (oehedT Tgdl, TRTHET, AT T T, TeAATH,
FTALATE TTEA T TATALOT-ST7 AT T, QT [aterer AALmai=r Ushi=d TOmH Fgorel AT
AT YUt (Indian Knowledge System) BT @shea T, IKS T e IT=I=d=T Iea HLOTeT TOrTet

ATRl; T ot Sefaeh STier sTeh THEAT= AT A7 ATAAT eATa LT AL AA0ATH
ATAT AT, faerwa: foreqor, s, qartawor, Fet orfor Araems 41 e=a IKS =T S9har I=r
TIET I g, T Freqor ef=or 2020 AW, IKS AT 9rrer® arfor 37 fererona qg<ar= =+
IUATT AT AT, AT AT TOTTATAT T[T &A1 STHATH AT [AHA TR LT 3TST AATAITT 3.
Tere« 95T (Research Methodology)

T HEMLATETS 0TeA (Qualitative) HLTER TGt ATATIITT ATAT g, Telol Feahi=T T ATH

FLOATT ATAT:

3.9 JuTETRE 9E« T (Textual Analysis)
9%, ITHYE, AR U, T, TSI TATGAT SI6TH ST¥ T
ATEA T IO, BETAATE, AT T A= gemes

3.] T 9t (Comparative Study)
ST AT ST TOTTeAT Sor sireffeah fEse Ti=t e
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aTterATed fereroragTt @ NEP 2020 Refier IKS =47 Hahed =1 ot
3.3 fgfras 21 Agwor (Secondary Data Analysis)

TR AgAT, Ta 999, S 7@, UNESCO & NCERT #EIer ATIged
3.¥ QAT fAgwor ag:ft

TR, AAE, I, HERd, FAT ATAEAT THE T Hheda e g
"errEETHT 3fe¥ (Objectives of the Study)
ATIA T ST TSI Ul gTiereh, TeasiTiee ST Hiehiaeh Tras{HT THs =,
IKS Hefier So@ STHemai=T @i AT HiTol,
IKS =T ISTehaT ST s SR e SUhaT (9978 FHYT.
T FreAT €T 2020 TH FIRA T AT O o [ e 1o qqTe,

5. IKS =T SA¥ATHTA S HATET AT SARTTHT Feree e sfear.

AT AT IO =T UfgTiRes arsehspdy

IKS =t g&aTd a@hTe I Aol (g Id. Fida, T4<, dTHAS ST TqEag I7 FAi T
AT TATHT LT, AT SATTOT AT A=A E(l Aeactl. SATHURHT SATCHAT, Fg], FH, TIeT TT=T

TG ITIIE FAT. ST A0 S ATTGeATT AfdhdT, Teh, ATRHT, SAAALATauTH F=T TG Fel.

W=

AT FBTT AAAE, TG HIGL, ATERLTATH, AN, T4, U, TASTAT T A=A (ST,
TIOTE, SATTEree, TN, @A AT Fa4 Q9T et ATereme, ST, s, 899 A1,
TTHD g T AT G FeAT, TSTATE, HERAT SATTOT AT T GEqTaSt {207 hel.
AT AT T T HEF
%. AT
B fagia - arq, fus, %
CEER R ET)
FATTER, - F/aT WX
AT & holistic medicine = STHE 3SITE &2,
. TN T HLATH
qASTorT TRTATHT AT, HIATHE AT SATeATIcHe TaTeed =T #1N arEadT.
TR S 3T — IH, FFH, Ed, Y0, TAg, 9o, eI, qamel — g sregE®

o hd o
SN EEICIR NSAGSRESKNISE

%.3 WA o 7 @eaee
AEAE — 11 o g, AT T
TR — ST 0T RorEe = =aw
HTEHTATH — AT AT Frea A Teger a<d
%.¥ AT T ATSTATE
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ALAHA =T ATSTATAT T, AT, {0, T T=T AT ITAT =TT,
.4 TFTaTr T St
fReTTeft geaTe, d=ewena fEra, St O, aq8a Feasd of Agcard! a<d.
AT ST TOTTA AT SATRAT
FATReTd HATEA IKS =T aSATHERdar 81 ad. TNTET FUAEE T JrAisia Gere,
AT STt FAETA= AT Ah BT IATSTT TEITT TLOMH, ATEATHTANT FoAT g TeEid
g AT ARl [dr, AT TToraTa i FATHT HehoudT Se[fee U A== 97T,
T |KS Faes TedTeq fFhat 93w ATel; a¥ AsTearia sSrsoret g,
amefaa faveror swfor NEP 2020 wefier IKS
T TorerT 1T 2020 F IKS @7 7 Srerfirs e feh.
e R
1. errer TEreruTTa — 7T, afae T, AT FeT, §ehd
2. 3Ig Ao — IKS = FoITe s, THTTGS 7 T24 T AETHFRA
3. USRS o I T — qATAL0( 1 o, A&, holistic learning
IT GO IKS F A& 1ad gogT=l et Iueree HATAT oAz
IKS =47 IR ITaTd Il Haiar
STHTTOTT HeMEAT= FHALAT
FerT= JIAF AT IueTee TH
ek ATgd ¥ IKS T8 IREHst
T frerrag e aee
TerrerdTa et 7 qrara gl w0

o > b=

Ao

AT ST TUITAT 51 STAT ATTS, T A0 AT 5T T e, o= smegfae s
We<d ATed Alg. AT, TR, TATLIT, TAATH, T 9T 7 &7a IKS o qTeasiTd ANasisd 53
ag. NEP 2020 = IKS @7 faeiea Agware AT fOEr 9 = areamasd JsnT i geigais
g% aFd. |KS =T 9@ A¥ITH, Heee S0 SIRMAenl e g AAr=aT ATH-995 AEeaTanst
AT 3.
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AT FEFauaTa Taig ~ATATAIATHT JIAFT: ST ATEq4.

Y 39T qIeT™
(CIRIEERRIEED
.9, 9T, 9Tt ATR[ET, F TeAigy

JEATAAT,
ATRLTGT Bf haD MASIE HOTHT TThAT TG T A= T, T MU= G 71, FIIATH

TIT AT HEATHF HqAT ITAT HITH 3. AT ATRIATRT BF STATA G HIST ARGl T
@At AT, T (=1 JThE s ATHHEAT TG AT GeATHET 3. AT oA FLET HLOLA

THE HEAT TSl qarg AT g, SATST=AT TS0l d, AT SATT0r ST daai=ar qragHiay
ATRATRIAL 3T Tehe A AEATHT TATF ~ATATAATHT IR AT SATIH, SATerH STATTRTL ATTO7 ST(AF
AT Seeretl 3Tg. ATHIATET &l A HaSIEhIdl HATad GaheddT qTal, T dT ANTERT qoAqd
ATETY, TATA=A, FHTAAT, <ATT AT FATFRTET IT eAaTa I FTHeI ATTS SAEAT 38, AHLATE
feauamETer Fae @9 Arfor wrEuTiersT et T9F SATOTereRdl JiHET T Mo o7,
AT FATg ATATAT &1 AR =T (AT TEUETT FEIT AIFAT ST, HIAL = JLeq0r, T
ZHET LA, TAAT GHATA A0 FTAATH T[T AATIET S0 g1 AT FATg ~ATATAITEL 32,
AST=AT TS0, ATHTSE AT ST ATEqeATd gaig ~ATATAATAT T i qgears s

ASGTHTCHE avll g,
AR GfeT sy =rrerarfas=t dehedar

ATEA T GIAGET T (AT shelel ofg. TafemEe, FraqriershT arfor =maarierr. a7 =)
TAATHEN TLETT AT ATTOT (AT S AHLATE (=1 G ARG 3. ~ATTATTHT T T W1, HI0cATal
ST FATATITEA <6 Taie el aiqe A g |iaens MAtai’ Feft g, aaig Al
ATedh qATAAIHATAT ATIFRT IUATA ATAT Mg, SAT FIL TH& har awahree [l gfeems @t
ST O TE HCOATAT ATAFRTE ATATAATAT AT, T ATARTL ATHAT HTST HLeTTh Sl
CEIERRIRIER

TATg ~ATITAATH AT g FITATAT ATEIT FLUATAT HATGT ATl A HALMTT o
RrEd SavgT= FTH FLd. ATTAH TG>T, Jqheh TqTaq=T, &THa TaTasq, GHETAT 88 § 99

ATAFRTT STegT AT AATd, qogT ANTLRTHAT STaSHT ST BF qATg ~ATATAT FE. AT UldgTieren
T ATATAAT g T8 el g it ATheTeld fehauamarst wefienell aarar=i=a1 [ 39
TTZUr AT .

AT qATAA T g1 Ha g ATATAATAT TATd THATAT ATEHTT 3. HATLAT sheled A, TLREHA
TEATQET TohaT eOTTeRa Mo g Siagmrelt TERTT g HT1? ATHT JITE0 ATATAT Fd. HraTHa

AT TR AT AT HET AIgT daig AATAI qHadTgl JHATE ATTFT qATRl, & T8
el BT o I ATHRATE =T HIATAT &€ HISAT STl ATHS | S e T AT HLe0T HTo.
AT gaT e

ARG T AT AT B LTI A AT ATg. A, AL hg, SeiAe aal, FTHAhl

T &Y, STIT THF THLO qaATg ATATAATT ANTHRTAT AT IH g d AT SATd =Tl
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Aqre." HAwT Mieft fowg e A R aFeE TTasaT=l AT AEqd e AT

ATHLTET AT TSI e
FriaTersT faeg =TT

ATST=AT ATETSATA FTATIOIHT SO STATIOMRT AT=ATA A qUTE ARATE T d Idl. FTgl dBT
TCHTT SATATAA T ROTAT =TT AT AT, T ATITAT GLRTCSAT geqerqray AT o4k Fd.

g1 T AT AT qTqF TGH, AT AATQT WMgdl a¥ df T Lal HI0T q= =T qHI
RES]
TSI AT AT —ATATAATS ATETIAT

A AT ATIATAATHHIL IS ATegE Fgurel el 2419, =Arndterm=ar Fht, aeaT, a1
TGAT IATAT T (Hvg ST el AT, ATATAATS [ATHE AT [EhaugTarst A= T
FITIET TGO TS Mg, AN AT [SaTE g ~ATAATeTsh= [ @<l eT<hl g,

AThigd ATHT BF ARATT ATAATEAAT TAET JURIT . TE, df=d, gorerd gehi=ar
SHETETST TaIg ATATAITT AT ATEAATIT geqerd AT Mg, TATEL0 HL&0, A, AT 3F,
TITEATA N GoRTSTTUIT ST ST (STUATaT ATRIgd ATk ATRIATRT SATerh T oAl .

T HTEAH,

ATHLTE T ATEAHTHT IHRT Agear=l Sed. T ATETHTEA (Hael, Taol, TaTd TTHb TTHAThH!
TATAATAL T&T A, ALATABT TATg ATATAATT THTE ATETHTH FATASATH HLEAT Hil0l gf ARG (ET51
AELTF T e, ATATAATT ABTAB TTL Bl AT ol 1T B ATHLATG = STHT 37T,

ST qTEqd: W A7 STAeAT

ATST=AT FTBTT HATY ATATAATRSA ATEAT THE ATEAT AT, TSTh T LA 20T, HEATeHE garedl,

FIAATAT IATIL ,TATE A TSI FHL0T AT A AT TP IH A ATATAATHT THET STTerh HOT0r
ATAT AR, Flel THLOMT [Gdd, Flal WO ITaT T, ATHS 1T gid. JT TGl ATHLATE AT
AT HaTg ATATAT g qde Aol ATIUIS 3Te.
wfasgreier e

AFTET TeFauam TSt HaTg ATATAA Hacd FIAATAT AlEHeld Tgd ATel aT Haem=T=am

ATHTAT AR O 07 i 3Alg. TELTHdT, dooa¥ AT, TIwar A H9aar a1 geara<

ATATAT IH T(gel L ATHATE ATerH AT glee.
T giaar swfor ArheTgt

ATHATET FEFATATT qATg ATATAIT Faes HTCHT T=T=T IIAET 7 =AqT dhar gihT geaerT
HAT AT, ATATAANT HATTHS A ATHTISTR TATHAT ATAT Feail, dai TedeT FHI0, TATALT T,

AR 28, ATMSATHT g, HIERLH T 9T 3 [GuITaT qaig ATATAI T Q@R Jqdl . Flgl
ABT &l AIHAAT ATTAF STAT FIT [ATEHSD AT FrAATreret srqareft 23 srear= fage ot 73q

ATATAAT TR T EhTel ATAT T8, FTal TSTehid T SATOT GRS ATAT ~ATATAITAT ATA T
HTFAT, AT STel ATHeMTel HeATH A gldTd degl ~ATATAATAT geaeq g1 AThslTel ATHaoaT=AT
ST S

rforaToft= srgwar STfor ~ATaTerET streRaeET

1975 AT ATONETINHT FTd ARATT ATHLATEHTST FIBT FEATT AIAAT SITAT. T HIBTd qaig
TITAAT T S TH TFATL TR (S 0T Tl arasred qar srar. a1 Hofamgs =mame
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T ZTATHAT FgeAT Aq Tad: ATITAATT {aetl. BT THT ATTATITRHTST ATCHILNATTAT STAT
ATTOT AT AL SATATAT ST AT ATAT. AT AHATIT I AT g, AT heh ST ATTOT SATHATHT
TATTSIT=AT AT ATATAT SATerh ST AT =T oo,

AT HRTST T g AT ATl To 37ees arg. TF ARt avaTed oy, TPy
ST AR T, TSTATATHT AT IT 99 IATIT qarg ATATAATT Agard (o el sfrgd. TH
AT FMHE TR ATATAATT TTE el 3T %0l AgHATAT AT [ALITATHTH ATAT qTIoT, TSTHAATT

ATel, BT T HaersT AR ETst A= € STAT. AT TSTITATAT qHT Fied a1 HHI9T7

ST SATTOT STt FATg ~ATATAATHAT a1 Ao 3.
e wiaaT STfor Arweer

ATHLTE AT AT F2UIST <k ATTOT 9t Rasvr, MasuF = saradr, Tsienld Teq=

A, Masu® @, AERaEdr a1 99 aradid gaig AT geqad Fied AHTel qs1ad
FLOATAT TS T Mg, FHaem Treamarad faeer Ao g1 seiias e Feraar Agwarar Teentd
I {IAAT ST,
AT FAOTT SATFOT TASTHTLOT

T 2T, |HIETS, U A1 U, JTEIEAT TUTE JATET JT9% ot et e gra sreeam=ar
AT FTLATL BIAT. ALATABT TATF ~ATATATTH T YIHFT =T gEAAT FeAT 3ATg. AT Flgl THLUTT
ATATAIT=AT AATAL T IAEAT ATA. TATE FATHAT TATATAT ARG ETST AT TgeaTdl g
T I SAUATHT AT ATATAATALH T,

HTEAH T, T AT sfor =rrrrery
I KIS ATALN T TS, ST AR, IRTETHT T, AT FMGIATAT AHATE AT I TIOTH grar. qarg
ATATAIT 3T ABT T ohel AT i TLHRTLAL 21T H0T &I I[wal ATal.

STSAT ATETITAL TTSTRTLUT 0T, FTHCATH ™ ga. § ATSToAT TSTh LT I Haaaeiie 42 3.
HATg ATITAAT dBIab! FIAeTH SHATTeATH T AT Hqe T g, AT Flgl HUATaed AT

ST ATAT 3Mg. Tl HIALTAE Tod STIUATHT TRl qaig ATATAIaH .
iy e er sfor gt =

AT FETTOM, FISRIRLT, SATEA, HIHTISE <A1, AT ATATET =TT QT T@oarH]

TA FAT AR, ALATEATTAS A0, T Toog UH AEAW, AT ACA, g T TSI o7

Togaefte Ao oTae =aTeraT= HET AT Agar=l 4.
AT farae sfor =rareraT= fasamarat

ATHATEIT ATATAATH G qAThE TSl ANTHAT [T, g1 f3aTe eeoar a¥ arsemal
AT Id. AT AEATAIE Fd@ A Q0 Tog a¥ af = om0 gf Aasa smasas o,

qIEELTHAT, FTASI [+ ATAUAT, FHTLOT HHET IT AIMGAT FTT ARG TSN HgTaT=aT 3.

TS ATEAE: hT: AUEAT AT ST
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AT qATY ATATAATAL ST ZI0T ol ATRLATE = A0 AT, T=7 FFA=meet S svg. v aamerer
ST 8. &1 TThAT ATRLTEHTST T 3ATg. AT ATATAIT AT e TASA 7 HLaT ATCHILN A FT g
(IEICEREZEIFH
wiasaTdier streg™

st gigwar, Rftes o, ster Mrastar, o qee, feg aafed &g, a1 =0
AT FATg ATATAATAT IHFT SATAT AR AT, AT ARl [EHATIATT ATATAATH
 \EEIEIPERREMIRERC
Ao

ARl fEhavaTa qalg ATATAATHT HFT &F Fdo AT AIMGd ASHore! TG df
TTAeTHT=aT ArceaTeflt STTEerell 38, SITST=AT TISTehi T ATETSATd <o Fa o, HEqTa<iel aard ATror
ATFRATRT HoT q AT ATEATdT [GEdTd. ST FaTd Targ ~ATATAT g AT o Aded Forad
T Faa g, (A=, T arfor aferhr =ararariernT g1 Teh ATHRaTa =T @<t gHY g, AT,
HHTST AT ATATAT AT fAem 197 Hh TTATIT FIATT AT &k TTg eTohd.
SECRR]

1) ATEAT Efe,

2) qaTg “ATATAT.

3) AT TR
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