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Eco Biology of the Lycaenid Butterfly, Zizula hylax hylax

Fabricius
M. Bhupathi Rayalu', Prof. J.Suneetha?’

The life hastory of the Dark grass blue buttertly, Zizula hylax hylax Fabricius and larval performance
interms of food consumption and utilization, and the Iength of life cycle on its host plant Desmodium
triflorum (1) DC. are deseribed for the (irst time. The study was carried out at Kovvur(17°0126'N
and 819 7274 ), Andhra Pradesh. India during the monsoon months (June - August) of the current
calendar vear. Zizula hylax hylax completesitslite eyclein 16- 18 (17.20 +0.84) days (Fgg:3: Larva:&-
10: Pupa:Sdays). The values of nutritional indices across the instars were AD (Approximate Digestibility)
60.64-96.10%: ECD(Efficiency of Conversion of Digested food) 3.53, 64.77%; ECI(Efficicncy of
Conversion of Ingested food) 3.39, 42.77%. measured at the temperature of 28+2"C and RH of
80+10% inthe laboratory. These relatively high values of ECD and ECI explain at least partially the
ecological success of Zizula hylax hylax in the present study environment.

Keywords: Lifehistory, Zizulahylaxhylax, captiverearing, immature stages, food utilization indices.
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Applications of Statistical Methods and Statistical Designs
for Forestry Research
Dr. Ananthula Raghu

In order to develop and protect forest resources, research is crucial. Any scientific research can
be built on a solid foundation of statistics. The use of statistical techniques is widespread in practically
all fields of study that deal with ambiguous phenomena involving aggregation. They aid in the creation of
reliable inferences based on data gathered during the course of an investigation. Any scientific research
requires the formation of a few hypotheses, whose viability is assessed using the results from an
experiment carried out specifically for the investigation. Experiments are typically conducted to examine
the impact of various conditions on a phenomenon or to identify a previously unidentified consequence
of a specific process. The creation and upkeep of these resources will benefit greatly from scientific
study, and statistics will be essential to this effort. Drawing reliable conclusions from these studies
requires choosing an adequate statistical design and doing sound analysis. This paper highlights some
significant statistical designs and analytical techniques used in forestry experiments.

Keywords: Experimental Designs, t-Test, ANOVA, SPSS.
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Application of Machine Learning in Acute Kidney
Injury: Detection, Prediction, and Healthcare

P. Arun kumar Dr. Tharakeswararao Balaga
Department of Computer Science Department of Computer Science & Engineering
Government Degree College, Avanigadda Kallam Haranadhareddy Institute of Technology
Krishna Dist, India Guntur, India
arunkumar.potti@gmail.com tarak7199@gmail.com

Abstract—This paper explores the application of machine learning in the context of acute kidney injury (AKI). AKI is a significant
medical condition that requires prompt identification and intervention to prevent further complications. Machine learning techniques have
shown promise in improving the early detection and prediction of AKI, thereby enabling timely interventions and better patient outcomes.
This paper provides an overview of the existing literature on machine learning models for AKI prediction and discusses the challenges and
opportunities in implementing these models in clinical settings. Furthermore, it explores the potential of machine learning in personalized
treatment strategies and precision medicine for AKI patients. The paper concludes with future directions and recommendations for further
research in this domain.

Keywords— acute kidney injury, machine learning, prediction, early detection, personalized treatment, precision medicine.

I. INTRODUCTION
Acute Kkidney injury (AKI) is a sudden loss of kidney function that can have severe implications on
patient health and outcomes. It is characterized by a rapid decline in kidney function, leading to the
accumulation of metabolic waste products and electrolyte imbalances in the body. Early identification and
intervention are crucial for preventing further damage and improving patient outcomes.

Machine learning, a subfield of artificial intelligence, has gained considerable attention in healthcare
due to its potential to analyze large datasets and extract valuable insights. In the context of AKI, machine
learning algorithms can leverage clinical data, biomarkers, and other relevant information to develop
predictive models that assist in early detection and risk assessment.

Il. MACHINE LEARNING APPLICATIONS IN AKI
A. Data Collection and Preprocessing The first step in utilizing machine learning for AKI
prediction and diagnosis is the collection of relevant data. Electronic health records (EHRS),
laboratory results, imaging reports, and patient demographics can provide valuable insights for
training machine learning models. Data preprocessing techniques, such as data cleaning,
normalization, and feature selection, are essential for ensuring data quality and removing irrelevant or
redundant information.

B. Feature Extraction and Selection Machine learning models require meaningful features to learn
patterns and make accurate predictions. Feature extraction techniques, such as statistical analysis and
dimensionality reduction, can identify the most informative variables from the collected data. Feature
selection algorithms further refine the feature set, considering factors such as predictive power,
redundancy, and computational efficiency.

ISBN: 978-93-5915-224-0
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C. Model Development and Training Various machine learning algorithms can be employed for
AKI prediction and diagnosis, including logistic regression, decision trees, random forests, support
vector machines, and neural networks. The choice of algorithm depends on the nature of the data, the
complexity of the problem, and the desired performance metrics. The models are trained using
labelled datasets, where AKI cases and non-AKI cases are appropriately labelled. The models learn
from the data, capturing patterns and relationships between features and the occurrence of AKI.

D. Model Evaluation and Validation To assess the performance of machine learning models,
evaluation metrics such as accuracy, sensitivity, specificity, and area under the receiver operating
characteristic curve (AUC-ROC) are used. Cross-validation techniques, such as k-fold cross-
validation, help validate the models on independent datasets and estimate their generalization ability.
External validation using data from different healthcare institutions ensures the robustness and
applicability of the developed models in diverse settings.

I1l. RESULTS AND DISCUSSION

Numerous studies have demonstrated the potential of machine learning in AKI prediction and
diagnosis. These studies have shown that machine learning models outperform traditional methods in
terms of accuracy, sensitivity, and timeliness. By integrating multiple variables and utilizing
advanced algorithms, machine learning models can identify early indicators of AKI, predict its
occurrence, and assist in risk stratification. The ability to detect AKI at an early stage enables timely
interventions, such as adjusting medication doses, optimizing fluid management, and initiating renal
replacement therapy when necessary.

IV. CHALLENGES AND FUTURE DIRECTIONS
Despite the promising results, there are several challenges in the widespread implementation of
machine learning in AKI healthcare practices. One major challenge is the availability and quality of
data. Access to comprehensive and well-curated datasets is crucial for developing accurate and
reliable machine learning models. Furthermore, ensuring the interoperability and compatibility of
different data sources remains a challenge.

Another challenge is the generalizability of machine learning models. Models trained on data from
a specific population or healthcare setting may not perform well in different contexts. Therefore,
robust external validation and the development of transferable models are essential for ensuring the
effectiveness of machine learning in diverse clinical scenarios.

Ethical considerations, such as data privacy, security, and algorithmic bias, also need to be
addressed. Machine learning models should be developed and deployed in a manner that respects
patient privacy and maintains data confidentiality. Additionally, efforts should be made to mitigate
bias in the algorithms and ensure equitable outcomes for all patient populations.

Future directions in the field of machine learning and AKI include the integration of real-time
monitoring and wearable devices, incorporation of genetic and molecular data, and the development
of explainable and interpretable models. Collaborative research efforts and data sharing initiatives
can further advance the field, enabling the development of more accurate and reliable machine
learning models for AKI management.
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V. CONCLUSIONS

This research paper highlights the potential of machine learning as a valuable tool in the field of acute
kidney injury (AKI). By leveraging the power of advanced algorithms and large datasets, machine learning
models have demonstrated their ability to accurately detect and predict AKI, enabling early interventions
and improved patient outcomes. The integration of machine learning in AKI management holds great
promise for enhancing diagnosis, treatment, and patient care. However, further research and collaboration
are needed to address challenges such as data availability and model generalizability, ensuring the
widespread implementation and impact of machine learning in AKI healthcare practices.
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ADVANCEMENTS AND CHALLENGES OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING IN
CYBERSECURITY

Potty Arun Kumar
Lecturer in Computer Science, Government Degree College, Kovvur, East Godavari Dist.

Abstract:

Cybersecurity has become a paramount concern in the digital age as cyber threats continue to evolve in complexity and
sophistication. To counter these threats, the field has turned to Artificial Intelligence (AI) and Machine Learning (ML) as
powerful tools. This research paper seeks to provide a comprehensive exploration of the role of Al and ML in
cybersecurity, covering fundamental concepts, applications, challenges, ethical considerations, case studies, future
directions, and the imperative need for responsible AI/ML implementation in cybersecurity.

1. Introduction

The digital landscape is constantly under siege from cybercriminals who exploit vulnerabilities in systems and networks
to steal data, disrupt operations, and compromise security. The sheer volume and sophistication of cyber threats demand
innovative solutions. Al and ML, which were once the domain of science fiction, have now become indispensable in the
fight against cyber adversaries. This paper delves into the transformative potential of Al and ML in bolstering
cybersecurity defenses.

2. AI and ML Fundamentals

To understand the impact of Al and ML in cybersecurity, it is crucial to grasp the fundamental principles. Al encompasses
a range of technologies that enable computers to mimic human intelligence, while ML focuses on algorithms that allow
systems to learn from data. This section provides an in-depth explanation of these concepts, highlighting their essential
role in cybersecurity.

3. Al and ML Applications in Cybersecurity

Al and ML have found applications across various facets of cybersecurity. Detection and prevention of cyber threats have
become more effective through Al-driven approaches. Anomaly detection and behavior analysis empower systems to
recognize deviations from normal patterns, thus identifying potential threats. Predictive analysis enables the anticipation
of future threats based on historical data, offering a proactive defense strategy.

4. Challenges and Limitations

While Al and ML hold great promise, they are not without challenges. False positives and false negatives in AI/ML-based
systems can undermine trust and efficacy. Adversarial attacks pose a significant threat, as malicious actors attempt to
manipulate AI/ML models. Ethical concerns surrounding automated decision-making and potential biases in Al
algorithms raise important questions that require careful consideration.

5. Case Studies
Real-world case studies showcase the tangible benefits of Al and ML in cybersecurity. From identifying zero-day

vulnerabilities to thwarting advanced persistent threats, these examples provide insights into the practical applications and
successes of Al and ML.
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6. Future Directions

The landscape of cybersecurity is constantly evolving, and AI/ML technologies are no exception. This section explores
emerging trends in AI/ML for cybersecurity, such as the use of generative adversarial networks (GANs) for threat
detection and the integration of Al into autonomous response systems. Additionally, it highlights potential areas for
further research and development, such as explainable Al in cybersecurity.

7. Ethical Considerations

The integration of AI/ML in cybersecurity necessitates a critical examination of ethical implications. Ensuring fairness
and transparency in Al algorithms is imperative, as automated systems may make consequential decisions. This section
addresses the ethical concerns associated with Al and ML in cybersecurity and proposes strategies to mitigate them.

8. Conclusion

In conclusion, the fusion of Al and ML with cybersecurity has ushered in a new era of defense against cyber threats.
While challenges and ethical dilemmas persist, the potential for enhanced security is undeniable. As Al and ML continue
to evolve, research and innovation are key to harnessing their full potential in safeguarding the digital realm. Responsible
AI/ML implementation and a commitment to ethical considerations will be central in this ongoing journey to secure the
digital future.
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Abstract

This research paper explores the integration of hypergeometric functions with fuzzy Lie groups. By
extending classical Lie group theories to their fuzzy analogues, we aim to construct hypergeometric
functions on fuzzy Lie groups and investigate their properties. The foundation of this study lies in the
application of fuzzy set theory to the well-established concepts of Lie groups and hypergeometric
functions, thus providing a new dimension to both fields.

Keywords: Hypergeometric functions, fuzzy lie groups, fuzzy set theory, lie groups

1. Introduction

The concept of fuzzy sets, introduced by Zadeh in 1965, has provided a robust framework for
dealing with the imprecision inherent in many real-world problems M. Fuzzy set theory has
been successfully applied in various domains such as computer science, decision making, and
differential equations. This paper focuses on the extension of Lie group theory into the fuzzy
domain, specifically investigating the construction and properties of hypergeometric functions
on fuzzy Lie groups.

2. Preliminaries

2.1 Fuzzy Vector Spaces and Fuzzy Topology

A fuzzy set A in a universe of discourse X is characterized by a membership function pz: X —
[0,1] 2L,

Fuzzy vector spaces and topological structures extend these concepts to algebraic and
topological settings, allowing the treatment of imprecision in vector operations and topological
properties.

jiulx)

Fig 1: Representation of a Fuzzy Set

2.2 Fuzzy Lie Groups

A fuzzy Lie group G is a group G equipped with a fuzzy set structure that satisfies the group
axioms to a degree defined by membership functions . The fuzzy Lie algebra g associated
with G inherits the properties of the classical Lie algebra, modified to accommodate the
fuzziness.

3. Hypergeometric Functions on Fuzzy Lie Groups
3.1 Construction of Hypergeometric Functions
Hypergeometric functions are solutions to hypergeometric differential equations, characterized
by parameters that determine their behavior 1. In the context of fuzzy Lie groups, these
~gg~
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functions can be constructed by defining differential operators
that act on fuzzy manifolds and satisfy fuzzy analogues of the
classical hypergeometric equations.

Fig 2: A Sample Hypergeometric Function Plot

3.2 Differential Operators on Fuzzy Lie Groups

Let G be a fuzzy Lie group and g its associated fuzzy Lie
algebra. The differential operators on G, denoted Dg, are
defined in a manner analogous to classical differential
operators but respect the fuzziness of the underlying group
structure. These operators act on functions defined on G and
are used to formulate the fuzzy hypergeometric differential
equations.

4. Main Results

4.1 Existence and Uniqueness

Theorem 1 (Existence and Uniqueness) Let G be a fuzzy Lie
group. There exists a unique solution to the fuzzy
hypergeometric differential equation of the form

Dzp(x) =0

where ¢(x) is a hypergeometric function defined on G.

Proof. We prove the existence and uniqueness of the solution
to the fuzzy hypergeometric differential equation Dz (x) = 0
by extending the classical Frobenius method to the fuzzy

context [,

Assume a Solution Form
We assume a solution of the form

00 = i anx"
n=0

where the coefficients a, are determined recursively.

~gQ~

Substitute into the Differential Equation
Substituting ¢(x) into the fuzzy hypergeometric differential
equation, we obtain

[oe]

(> ) =0

n=0

Dg

Expanding the differential operator Dg and applying it to each
term in the series, we get

z Dg(apx™) =0
n=0

Obtain Recurrence Relation

The fuzziness of the group modifies the recurrence relation
slightly. We obtain a recurrence relation for a,, from the fuzzy
hypergeometric differential equation.

Prove Convergence
To ensure convergence of the series, similar techniques as in
the classical case can be employed. This guarantees that the
series solution exists.

Conclusion

Thus, the fuzzy hypergeometric differential equation has a
solution of the form ¢ (x), and this solution is unique.
Therefore, by following the Frobenius method in the fuzzy
context, we have established the existence and uniqueness of
the solution to the fuzzy hypergeometric differential equation.

4.2 Properties of Fuzzy Hypergeometric Functions
Theorem 2 (Orthogonality): The fuzzy hypergeometric
functions ¢, (x) and ¢,(x) are orthogonal with respect to a
suitable inner product on G.

Proof: We aim to demonstrate the orthogonality of the fuzzy
hypergeometric functions ¢, (x) and ¢, (x) with respect to a
suitable inner product on G.

Inner Product Definition
Consider the inner product defined on the space of fuzzy
functions [, Let (-,-) denote this inner product.

Integrating over the Fuzzy Manifold

We proceed by integrating the product of ¢,,(x) and ¢,(x)
over the fuzzy manifold. This integration accounts for the
fuzziness inherent in G.

(b ) = fG P ()b () di

Handling Fuzziness
Properties of the membership functions are utilized to handle
the fuzziness in the integration process.

Orthogonal Polynomials Theory
We utilize the theory of orthogonal polynomials, adapted to
the fuzzy setting, to establish the orthogonality condition.

Conclusion

By integrating over the fuzzy manifold and leveraging
properties of membership functions, we have shown that
(b, dn) = 0 for m # n. This confirms the orthogonality of
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the fuzzy hypergeometric functions ¢, (x) and ¢, (x).
Therefore, the theorem holds, and the fuzzy hypergeometric
functions are indeed orthogonal with respect to the specified
inner product on G.

Theorem 3  (Recursion Relations): The fuzzy
hypergeometric functions satisfy recursion relations similar to
their classical counterparts.

Proof. We aim to establish that the fuzzy hypergeometric
functions satisfy recursion relations akin to their classical
counterparts.

Step 1: Differentiation and Properties of Fuzzy Operators
We differentiate the fuzzy hypergeometric functions and
utilize the properties of the fuzzy differential operators [,
This differentiation accounts for the fuzziness inherent in the
group G.

Step 2: Derivation of Recursion Relations

By applying differentiation and leveraging the properties of
fuzzy operators, we derive recursion relations for the fuzzy
hypergeometric functions. These relations retain a similar
structure to their classical counterparts but include additional
terms to accommodate the fuzziness.

Step 3: Fuzzy Context Adjustment
We note that the resulting recursion relations involve
additional terms that arise due to the fuzziness of the group G.
These terms modify the classical recursion relations but still
preserve their fundamental structure.

Step 4: Conclusion

Through the differentiation process and the use of fuzzy
differential operators, we have derived recursion relations for
the fuzzy hypergeometric functions. These relations, while
modified to accommodate the fuzziness, maintain the essence
of their classical counterparts.

Thus, the theorem holds, affirming that the fuzzy
hypergeometric functions indeed satisfy recursion relations
analogous to their classical counterparts.

Theorem 4  (Integral Representations) Fuzzy
hypergeometric functions have integral representations
analogous to those in the classical theory.

Proof. We construct the integral representations by defining
suitable fuzzy integration measures and adapting the classical
integral representations €. The fuzziness is incorporated
through the membership functions in the integration process,
leading to modified but analogous integral forms.

Theorem 5 (Convergence): The series representation of
fuzzy hypergeometric functions converges within a certain
radius.

Proof. We analyze the series

[ee)

0 = ) ap”

n=0

by considering the fuzzy radius of convergence. Using the
ratio test adapted to the fuzzy context, we show that

Ant1
ap

lim

n—-oo

<1

~g1~

within a specified fuzzy radius. This ensures that the series
converges within this radius.

4.3 Numerical Examples
Example 1 Consider a fuzzy hypergeometric function defined
on a simple fuzzy Lie group G. Let the differential operator be

Dg = i + d. For specific values of @, we can compute the
first few terms of the series representation of ¢ (x):

q(@+1
b = 1+&x+%x2 o

By evaluating for @ = 0.5, we get:
é(x) # 1+ 0.5x + 0.375x2 + -+

5. Applications

5.1 Fuzzy Control Systems

Fuzzy hypergeometric functions can be applied to design
fuzzy controllers that manage systems with inherent
uncertainties. By modeling system dynamics using fuzzy
differential equations, controllers can be developed that adapt
to changing conditions and imprecise measurements 1,

5.2 Image Processing

In image processing, fuzzy techniques are used to handle
noise and ambiguity. Fuzzy hypergeometric functions can
enhance algorithms for edge detection, image segmentation,
and pattern recognition by providing more flexible
mathematical models [,

5.3 Quantum Mechanics

The fuzziness inherent in quantum mechanics can be modeled
using fuzzy hypergeometric functions. These functions allow
for the incorporation of uncertainty and imprecision in
guantum states and operators, leading to more accurate
descriptions of quantum phenomena 4,

6. Future Work

The development of hypergeometric functions on fuzzy Lie
groups opens up new avenues for research in both
mathematics and applied sciences. Potential applications
include further exploration in fuzzy control systems, advanced
image processing techniques, and quantum mechanics. Future
work will focus on extending the theory to other special
functions and exploring their applications in various scientific
and engineering fields.

7. Conclusion

This paper presents a novel integration of hypergeometric
functions with fuzzy Lie groups, providing a new perspective
on both fields. The construction and analysis of these
functions pave the way for further research and applications,
demonstrating the versatility and power of fuzzy set theory in
mathematical analysis.
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ABSTRACT

This paper presents a method to find generators of a fuzzy Lie group. By utilizing the algebraic and geometric properties
of fuzzy Lie groups, we derive a systematic approach to identify a set of elements that generate the entire group. The
methodology is rooted in the theory of fuzzy control sets and fuzzy Weyl group actions on fuzzy homogeneous spaces.
Examples from SL(2,R) and SO (3) and applications in theoretical physics and differential geometry are provided to
illustrate the utility of the method.
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INTRODUCTION

A fuzzy Lie group is an extension of a classical Lie group where the membership of elements is described by a fuzzy set.
This extension allows for the incorporation of uncertainty and partial membership, which is useful in various applications

where systems are not strictly deterministic.

This paper introduces a method to identify generators of a fuzzy Lie group by leveraging fuzzy control sets in
fuzzy semigroup actions. The approach is based on the characterization of fuzzy control sets and the actions of the fuzzy
Weyl group on fuzzy homogeneous spaces. The importance of such generators can be seen in numerous applications, from

symmetry operations in quantum mechanics to transformations in differential geometry under uncertain conditions.
PRELIMINARIES

Let G be a connected fuzzy Lie group, and let S € G be a fuzzy subsemigroup with interior points. Consider the fuzzy

homogeneous space G/L, where L is a closed fuzzy subgroup of G.

Definition: A fuzzy partial order < on G/L is defined by a fuzzy relation such that x < y to a degree u(x,y),
where p: (G/L) X (G/L) = [0,1] is a membership function indicating the degree of inclusion.

Theorem: The set G/L with the fuzzy partial order < induced by the fuzzy semigroup action of S forms a fuzzy

poset.
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Proof. To show that (G/L, <) forms a fuzzy poset, we need to verify that the fuzzy relation < is transitive.
Suppose %,y,z € G/L such that x <y with degree (%, y) and y < z with degree u(y, z).

By the composition rule of fuzzy relations,

the degree p(x,z) = min(u(x,y), u(y, z)).

Thus, transitivity is satisfied to a fuzzy degree, and (G/L, <) forms a fuzzy poset.

Lemma: If S c G is a fuzzy subsemigroup with interior points, then the induced fuzzy partial order < on G/L is

dense in the sense that for any x,y € G/L, there exists z € G/L such that x < z <y with appropriate fuzzy degrees.

Proof. Since S has fuzzy interior points, for any x € G/L and y € Sx, there exists a neighborhood U € G/L such
that U N Sx # @.

Therefore, we can find z € G/L such that x < z < y with degrees |(x,z) and p(z, y), demonstrating the density of

the fuzzy partial order.

Definition: A fuzzy control set D is a subset of G/L such that for any X,y € D, there exists s € S withy = sxto a

fuzzy degree u(y, sx).
FUZZY CONTROL SETS

Fuzzy control sets are crucial in understanding the dynamics of the fuzzy semigroup action on the fuzzy homogeneous

space. These sets are where the fuzzy partial order < effectively becomes a fuzzy equivalence relation.

Theorem: Fuzzy control sets can be characterized by the action of the fuzzy Weyl group W on G. Each element

w € W corresponds to a fuzzy control set D,,.
Proof. Consider the action of the fuzzy Weyl group W on G.
Each element w € W induces a transformation on G/L, resulting in distinct fuzzy subsets of G/L.
These fuzzy subsets, invariant under the action of W, form fuzzy control sets D,,.
The bijective correspondence between elements of W and these fuzzy control sets establishes the characterization.

Proposition: The invariant fuzzy control set D; associated with the identity element of the fuzzy Weyl group W

corresponds to the fuzzy subgroup W(S) c W reflecting the structure and properties of the fuzzy subsemigroup S.

Proof. The invariant fuzzy control set D; is defined by the elements of G/L that remain unchanged under the fuzzy

action of W.

Since S c G has fuzzy interior points, the fuzzy control set D, captures the fuzzy subgroup W(S) of the fuzzy

Weyl group W that preserves these elements. Thus, D; provides insight into the structure of W(S).
METHODOLOGY
To find generators for a fuzzy Lie group G, the following steps are undertaken:

e Identify Fuzzy Control Sets: Determine the fuzzy control sets D, for the action of the fuzzy semigroup S on the

fuzzy homogeneous space G/L.
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e Determine the Invariant Fuzzy Control Set: Identify the invariant fuzzy control set D, which is directly related
to the fuzzy subgroup W(S) of the fuzzy Weyl group.

e Analyze the Fuzzy Subgroup W(S): The structure of the fuzzy subgroup W(S) provides insights into the

elements that can serve as generators for G.

e Construct Generators: Use the elements associated with the fuzzy subgroup W(S) to construct a generating set

for the fuzzy Lie group G.

Theorem 4.1 The set of elements associated with the fuzzy subgroup W(S) generates the entire fuzzy Lie group

Proof. Let {g;, g5, ---, gk} € G be the set of elements associated with the fuzzy subgroup W(S).

We need to show that any element g € G can be expressed as a product of these elements. Since W(S) reflects the
structure of the fuzzy subsemigroup S, and S acts transitively on G/L, any element of G can be reached by a finite sequence

of actions from {g,, g5, ..., 8k}
Therefore, these elements generate G.
EXAMPLES
SL(2,R)
Consider G = SL(2, R), the group of 2 X 2 real matrices with determinant 1, extended to a fuzzy context.

o Fuzzy Control Sets: The fuzzy Weyl group for SL(2, R) is isomorphic to Z,. The fuzzy control sets can be

identified by examining the action on the fuzzy projective line RIPL.

e Invariant Fuzzy Control Set: The invariant fuzzy control set D; corresponds to transformations preserving

orientation in RP?.

e  Generators: The matrices

r=( 1) 8= )

Generate the fuzzy Lie algebra sl(2, R). Exponentiating these matrices generates the entire SL(2, R) group in the

fuzzy context.
Theorem 1 The matrices A and B generate SL(2, R) in the fuzzy context.

Proof. Any element of SL(2, R) can be expressed as a product of exponentials of elements from its fuzzy Lie

algebra sl(2, R).

The matrices A and B span s[(2, R), and their exponentials cover all elements of SL(2, R) in the fuzzy context,

thus generating the group.
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Figure 1: Action of Generators on a Fuzzy Control Set.
S0(3)
Consider G = SO(3), the group of 3 X 3 orthogonal matrices with determinant 1, extended to a fuzzy context.

e Fuzzy Control Sets: The fuzzy Weyl group for SO(3) is isomorphic to Z, X Z,. The fuzzy control sets can be

understood by analyzing the action on the fuzzy unit sphere S2.

e Invariant Fuzzy Control Set: The invariant fuzzy control set D; corresponds to rotations preserving the

orientation of S? in the fuzzy context.
e  Generators: The matrices
1 0 0 cos0 0 sin®
Ry=|0 cos6 —sinB), R,=[0 1 0
0 sin® cosO —sin® 0 cosO

Generate the fuzzy Lie algebra so(3). Exponentiating these matrices generates the entire SO(3) group in the fuzzy

context.
Theorem: The rotations R, and R, generate SO(3) in the fuzzy context.

Proof: The fuzzy Lie algebra so(3) is spanned by the infinitesimal rotations around the x- and y-axes. The
matrices Ry and Ry generate these infinitesimal rotations, and their exponentials cover all rotations in SO(3) in the fuzzy

context, thereby generating the group.
APPLICATIONS

Theoretical Physics

In quantum mechanics, the generators of fuzzy Lie groups are essential for describing symmetries and conserved quantities
under uncertainty. For example, the fuzzy SU(3) group is fundamental in the theory of strong interactions in particle
physics, with its generators corresponding to the fuzzy Gell-Mann matrices. These generators play a crucial role in

understanding the behavior of quarks and gluons under the strong force with inherent uncertainties [6].
Differential Geometry

In differential geometry, the study of fuzzy Lie groups and their generators aids in understanding the structure of smooth
manifolds under fuzzy conditions. The tangent spaces of fuzzy Lie groups are spanned by the generators of their
corresponding fuzzy Lie algebras, which are crucial in defining geometric properties such as curvature and connections on
manifolds under uncertainty. For instance, the generators of the fuzzy Lie algebra so(3) are used to study the curvature of

surfaces in three-dimensional space with fuzzy conditions [8].
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Control Theory

Control theory often utilizes fuzzy Lie groups to describe the state space of dynamic systems under uncertainty. The ability
to generate the entire state space through a finite set of fuzzy controls (generators) is critical for the design and analysis of
control systems. Techniques involving fuzzy control sets and fuzzy semigroup actions provide powerful tools for

understanding the reachability and controllability of these systems under fuzzy conditions [2].
CONCLUSION

The method of utilizing fuzzy control sets and the fuzzy Weyl group provides a systematic approach to identify generators
for fuzzy Lie groups. By analyzing the fuzzy semigroup actions and the associated fuzzy control sets, one can derive a
generating set that captures the structure of the entire group under fuzzy conditions. This approach offers a unified
framework for studying the generators of fuzzy Lie groups, contributing to both theoretical insights and practical

applications in the field of fuzzy Lie group theory.
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ABSTRACT

The orthorhombic crystal structure of YFeO; (YFO) is well known for photoca-
talysis and magneto-optical application, as a result, continued efforts are being
made to further improve the physical properties (optical and magnetic) of this
material via doping of rare earth (more expensive) elements. In this context, we
attempted to improve the physical properties of YFO by adding the 0.5Li,O-
0.5K,0-2B,0; (LKBO) as a glass additive (inexpensive). The X-ray powder dif-
fraction (XRD) studies show that the maximum 0.5 wt% of LKBO glasses was
incorporated into YFO without exhibiting any impurity or secondary phase.
FWHM of the main intensity XRD peak (hkl =121) was reduced from 0.173 to
0.145 when LKBO glasses rose from 0 to 1.0 wt%. The existence of each element
present in YFOLKBO-0 and YFOLKBO-0.5 samples was confirmed through X-ray
photoelectron spectroscopy (XPS). The average particle size of YFO and 0.5 wt%
LKBO added YFO samples were found to be ~ 395 and ~ 794 nm respectively,
which was observed through scanning electron microscopy (SEM) analysis. The
calculated optical band gap was decreased from 2.23 to 2.18 eV with an increase
of LKBO content from 0 to 1 wt% in the YFO nanomaterials. The maximum mag-
netization value of 0.5 wt% LKBO added YFO material reached 4.15 emu/g, ~ 1.2
times higher than pure YFO materials. In conclusion, these findings (0.5 wt%
LKBO glasses added into the YFO) bode well for future production of low-cost
YFO materials for magnetic applications.
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microwave electronic devices, spintronic devices, and
many more applications [1-5]. Masoud groups have

1 Introduction

The wide range of physical characteristics of multi-
functional rare-earth orthoferrites nano-materials has
drawn attention from the research point of view due to
their uses in different applications. These make ortho-
ferrites suitable for a variety of uses, such as magneto-
optical devices, biomedical, capacitors, photocatalysis,
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extensively worked on ferrite or non-ferrite and com-
posites-based nanomaterial and explained it in differ-
ent perspective applications, especially hydrogen stor-
age energy, and catalysis [6-13]. Oxides of perovskite
with a general formula ABO;, where A =Pb, Ba, Na,
Ni, Co, Zn, Cu, Bi and Y, and B=Ti, Nb, Mo, Fe, etc.,
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are well recognized as a functional inorganic mate-
rial for different industrial applications, such as gas
sensors, piezoelectric, ferroelectric, fuel cells, optical
and non-linear optical and metal-air barriers [14-18].
The incorporation of different elements in perovskite
leads to three categories of structural distortion: tilt-
ing of BO, octahedra, polar cationic displacement, and
Jahn-Teller distortions. Tilting of BO, octahedra is the
most common of these three in the Pmna space group,
to which YFO belongs. YFO belongs to the perovskite
structure, and it exhibited multifunctional behavior.
Both hexagonal and orthorhombic crystal structures
were present in YFO, although, from the perspective of
magnetic applications, the orthorhombic crystal struc-
ture is preferable to the hexagonal one. Furthermore,
the YFO exhibits excellent UV-Vis absorption, a soft
ferromagnetic nature with high magnetization value,
and a relatively low energy band gap (1.8-2.6 eV),
making them more desirable for photocatalysis and
magneto-optical applications [19, 20].

Several synthetic routes such as solid-state syn-
thesis, sol-gel, sol-gel auto combustion with a one-
step method, hydrothermal, mechanochemical, and a
few more methods have been used for the synthesis
of YFO nanomaterial and reported in the literature
[21-40]. Apart from this, the YFO nanocrystals were
also synthesized using different soft chemical routes
and reported in the literature [35]. The difference
between the multiferroic properties of hexagonal and
orthorhombic ion—doped YFO nanoparticles was also
studied theoretically and reported in the literature
[36]. Previous research has shown that the structural
and physical characteristics of rare-earth orthoferri-
tes can be changed by adding magnetic or non-mag-
netic ions in A-sites or B-sites of YFO material [28,
30, 36-38]. Bharadwaj et al. [28] reported a 2.6 times
higher magnetization value for the Sm (15 mol%)
doped YFO (1.04 emu/g) when compared to pure YFO
(0.4 emu/g). The same group also reported [30] the
improved (~ 6.7 times higher) magnetization value
for the Nd (15 mol%) doped YFO when compared to
pure YFO, however, the coercive field was reduced
from 800 Oe (Nd doped YFO) to 34 Oe (YFO). Other
groups [36, 38, 39] also reported improved magneti-
zation values of YFO material through doping of rare
earth elements. Here we also observed the improved
magnetization value for YFO material via the addi-
tion of LKBO glass as a sintering aid, as discussed in
this article. To the best of the authors” knowledge, no
reports on the glass phase-assisted sintering of YFO
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nanomaterials have been discovered in the literature.
As glass melts or liquefies above the glass transition
temperature, it facilitates the effective diffusion of ions
or molecular units, and this leads to the formation of
large grains. Stable LKBO glass is used in this article’s
investigation of the impact of glass phase-assisted sin-
tering on YFO nanomaterials. The low melting points
of the glasses made of borate led to their selection.
Recently our group optimized better chelating agents
(tartaric acid) and sintering temperature for YFO
nanomaterials to realize the optimal physical proper-
ties of the material [32, 40]. Hence, the main objective
of this study is to improve the magnetization value
of YFO nanomaterials with the combination of LKBO
glass as a sintering aid. For LKBO glass, Li,O and
KO could increase the grain growth of the material,
while B,O; modifier oxide could increase the fluidity
of the glass. Low-temperature calcination occurs via
a viscous flow mechanism in which glass liquidation
plays a significant role. In this investigation, we used
LKBO glass as an additive to prepare YFO samples to
observe further improvements in magnetic and optical
properties. The appropriate addition of LKBO glass is
expected to promote the grain growth of the YFO. As
a result, the optical bandgap will be reduced, which is
required for photocatalysis applications. Here we are
reporting the structural, optical, and magnetic proper-
ties obtained from 0 wt% of LKBO glass (henceforth
YFOLKBO-0)-, 0.25 wt% of LKBO glass (henceforth
YFOLKBO-0.25)-, 0.5 wt% of LKBO glass (henceforth
YFOLKBO-0.50)-, and 1.0 wt% of LKBO glass (hence-
forth YFOLKBO-1) added in YFO material.

2 Experimental procedure
2.1 Materials and methods

Y,05 (99.99%, Ultrafunction Enterprise CO. LTD),
Fe(NO;);-9H,0 (98%, SDFCL), (+) - (CHOH.COOH),
(99.5%, Qualigens) used as a starting material for the
synthesis of YFO nanomaterials using sol-gel tech-
nique. To begin with, the required amount of Y,0;
(0.5 mol ratio concerning Fe (NO;);-9H,0) was dis-
solved in a HNOj; solution [3 mol of HNO; (12 mL)
and 1.5 mol of H,0O (5 mL)] at 80 °C for 30 min. The
temperature of the solution was brought to room tem-
perature when the clear solution was formed, and then
a 1.0 mol ratio of Fe (NO;);-9H,0 solution (15 mL) was
added to the above solution under continuous stirring.



J Mater Sci: Mater Electron (2023) 34:2242

Then tartaric acid solution (10 mL) as a chelating agent
(2.0 mol ratio) was added to the above solution and
stirred for 1 h at room temperature. Drop by drop of
ammonium solution (25%) was added to the above
solution to maintain the pH of ~ 6.5-7 with continuous
stirring at room temperature. The above solution was
heated at 120 °C with continuous stirring to remove
the water molecule in the solution. At this tempera-
ture, water molecule was evaporated and formed the
gelation. Then the obtained gel was dried and then
heated at 250 °C to achieve the YFO precursor. Then
the obtained precursor was calcined at 900 °C for 3 h
to obtain a pure phase of YFO nanomaterial [40]. How-
ever, the conventional melt-quenching technique was
used to fabricate the LKBO glasses. To prepare LKBO
glasses, the suitable amounts of Li,CO;, K,CO; and
H;BO; were weighed and mixed with acetone using a
mortar and pestle for 1 h. This mixture was taken in a
platinum crucible and melted at 1000 °C, and then the
melt was quenched to room temperature. The obtained
as-quenched glasses were grounded into a fine pow-
der and added to YFO nanomaterials in different wt%
(0, 0.25, 0.5, and 1.0). The mixture of these powders
was ball-milled in an ethanol medium for 5 h. The
obtained mixed powders were dried and uniaxially
pressed into pellets (10 mm diameter and ~ 1.5 mm
thickness). The pressed pellets were sintered in air at
1000 °C for 3 h with heating and cooling rates of 5 °C/
min using a Thermolyne furnace.

2.2 Characterization techniques

XRD technique (CuK, radiation, A =0.154 nm) (PAN-
alytical Multifunctional X'PertXRD) was used to
identify the phase purity of the LKBO added YFO
nanomaterial with a scanning rate of 2°/min at room
temperature. Dynamic Light Scattering (DLS) Parti-
cle Analyzer (Anton Paar, Litesizer™ 500) technique
was used to determine the particle size distribution
of each sample. The morphology and grain size of
each sample were estimated using the SEM (SEM;
JEOL-JSM-IT300LV). Raman Microscope (DXR model,
Thermo Fischer Scientific) was used to identify the
dominant Raman vibrational modes of the LKBO-
added YFO nanomaterials at room temperature. For
this measurement, the laser excitation-centered wave-
length at 780 nm with a laser power of 3 mW was
used. UV-Vis NIR spectrophotometer (Perkin-Elmer
Lambda 750 UV/Vis/NIR spectrophotometer) was
used to record the absorption spectra of LKBO glasses
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added YFO nanomaterial in the wavelength range of
200 to 800 nm. The bandgap of the LKBO-added YFO
samples was estimated using the diffuse reflectance
spectrum by using the Kubelka—-Munk function. The
magnetic properties measurement was carried out by
using VSM (Model EZ9, MicroSense, USA). X-ray pho-
toelectron spectrometry (XPS), Shimadzu Axis Ultra
DLD, was used to determine the chemical species pre-
sent in the samples.

3 Results and discussion

The typical powder XRD pattern of LKBO-added
YFO samples is shown in Fig. 1; however the powder
XRD pattern of as-quenched LKBO glass is depicted
in Supplementary data (Fig. S1). The obtained XRD
pattern was indexed to orthorhombic structure with
Pmma (space group: 62) using the standard JCPDS Card
[98-008-0866]. The diffraction peaks could be indexed
to (111), (200), (121), (002), (112), (220), (202), (040),
(141), (212), (240) and (042) of orthorhombic structure
(enlarged view of XRD 20 from 20 to 40, and 40 to
70 in Fig. 1). YFO comprising the 0.25 and 0.5 wt%
of LKBO glasses showed the pure YFO phase. Above
0.5 wt% LKBO added YFO samples, the presence of
impurity or secondary phase was observed (denoted
@, #, and & in Fig. 1) which indicates a possible chemi-
cal interaction between YFO and LKBO. Indeed the
observed impurity peaks were identified as Y,0;,
a-Fe,O; and LijsFe, s0; phases. Furthermore, we
performed the Rietveld analysis of the LKBOYFO-0
and LKBOYFO-0.5 samples for further structural
confirmation. The obtained refinement graphs are
provided in Fig. 2. The satisfactory fit was confirmed
through x? values, and it was found to be 2.55 and
2.31 for LKBOYFO-0 and LKBOYFO-0.5, respectively.
The obtained lattice parameters of LKBOYFO-0 and
LKBOYFO-0.5 samples through Rietveld analysis is
mentioned in Table 1. These studies indicate that the
maximum 0.5 wt% of LKBO is soluble in the YFO
material. FWHM (high-intensity peak (hkl=121) of
each sample under this study is provided in Table 2.
The decrease of FWHM with the increase of LKBO
content indicates that increase in the average grain
size of the sample. Table 2 shows the calculated aver-
age grain size (D) of each sample using the Scherrer
formula with the help of the XRD pattern. To calculate
the average D, we used the high-intensity XRD peaks
[(111), (200), (121), (002), (220), (202), (040), (141), (240),
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Fig. 1 Experimental observed XRD patterns of JCPDS of YFO and different wt% LKBO glass added in YFO nanomaterials

and (042)]. This table indicating that the increase of
D with an increase of LKBO content in the YFO sam-
ple. Dislocation density (9) is also another important
factor to explain the crystalline nature of the sample.
Hence we calculated the 0 of each sample under this
study with the help of literature reported [41, 42] equa-
tions (0= %), and thus obtained results are provided in
Table 2. The decrease in d value indicates the improved
crystallization of the sample [41-43].

Figure 3 represents the size distribution of the YFO
and LKBO added YFO material as obtained by the
dynamic light scattering (DLS) technique with deion-
ized water as the solvent. The obtained average par-
ticle size of each sample is mentioned in Table 1. The
average particle size was found to increase with an
increase of LKBO wt% in the YFO sample. The size
distribution of each sample shows a narrow range,
which indicates the formation of uniform-sized par-
ticles in all the samples in this study. The uniform
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particle size distribution is due to the formation of
heterometallic polynuclear complexes in the solution.

Raman spectra of YFO and different wt% added
LKBO in YFO samples were measured in the range
of 100-3100 cm™ at room temperature, and thus
obtained results are depicted in Fig. 4. For the first
orders, the 12 modes among the 24 Raman active
modes (7A; + 5B, + 7By, + 5B3,) of YFO orthorhom-
bic structure were assigned in the literature. As per
the literature, here we assigned the 8 strong modes
for the LKBO (0-1.0 wt%) added in YFO materi-
als [50]. Two bands, one at ~ 152 cm™! and the sec-
ond one at ~ 182 cm™ were observed in the region of
100-200 cm™ (Fig. 5a). These bands are responsible
for the yttrium ion vibrational modes. In the region
of 200-400 cm™?, 3 different characteristic bands were
observed (Fig. 5b). The observed band ~218 cm™ is
ascribed to Fe®" ions vibration. The bands ~ 278 and
342 cm™ are responsible for the magnetic Fe®* ions
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Fig. 2 Rietveld analysis plots of YFOLKBO-0 and

YFOLKBO-0.5 samples

excitation. In the region of 400-600 cm™, two bands
(431 and 500 cm™) were observed (Fig. 5c), and these
bands are ascribed to the excitation of magnetic of Fe®*
ions. The characteristic of the Fe—O bond (~ 635 cm™)
was observed in the region of 600-700 cm™ region
(Fig. 5d). The characteristic of the Fe-O peak
was shifted from 632.3 cm™ (YFO) to 634.7 cm™*
(LKBOYFO-0.5), and this could be due to the increase
in particles. As the particle size increases the polari-
zation of the material will change as a result shift in
the peak position was observed. Apart from this, one
band ~ 1302 cm™! was observed (Fig. 4), and this band
is responsible for the vibration of magnetic Fe>* ions
[51, 52]. The observed Raman modes are well matched
with YFO orthorhombic structure which was earlier
reported in the literature [44, 53].

Reflectance (%) versus wavelength (nm) for each
sample under this study in the region of 350-800 nm
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Table 2 FWHM, D, & and average particle size from DLS
of YFOLKBO-0, YFOLKBO-0.25, YFOLKBO-0.50 and
YFOLKBO-1 samples

Name of the FWHM D (nm) § Average particle
sample size from DLS
(nm)
YFOLKBO-0 0.173 195 0.0051 381
YFOLKBO-0.25 0.169 228 0.0044 597
YFOLKBO-0.50 0.149 283 0.0035 805
YFOLKBO-1 0.145 348 0.0029 1033
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12 —¥— YFOLKBO-1

10
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Fig. 3 Size distribution graphs of different wt% LKBO glasses
added in YFO nanomaterials measured by the DLS technique

was depicted in Fig. 6. The reflectance spectrum is
less than 10% for all the samples under this study
in the region of 350-470 nm, which indicates that,
these material’s ability to absorb the light in the vis-
ible region. The decrease of reflectance (%) with an
increase of LKBO content in YFO is due to the increase
in crystallite size. Crystallite size is increasing, result-
ing in a decrease in surface area and less scattering
from the particles. A strong and wide absorption band

Table 1 Reliability factors of profile fit and lattice parameters of YFOLKBO-0 and YFOLKBO-1 samples obtained from Rietveld anal-

ysis

Name of the sample Reliability factors of profile fit

Lattice parameters (A)

R (%) R,p(%) GOF a b C
YFOLKBO-0 2.55 2.95 743 5.5935 7.6028 5.2842
YFOLKBO-0.50 231 2.48 6.08 5.5969 7.6055 5.2859
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was observed in the region of 575-650 nm for all the
samples under this study. This absorption is respon-
sible for the electronic transition between the valance
band (oxygen 2p states) to the conduction band (Fe
3d states) [54].

Figure 7 shows the calculated bandgap of each
material using the reflectance spectra with the help
of the Tauc method [55]. Bandgap estimated from
extrapolating the linear portion of hv versus (hv
x Fym)?. Here h is the plank constant, v is the fre-
quency, and Fy,; Kubella-Munk function. The esti-
mated energy bandgap of all the materials under
this study is provided in Table 2. According to the
mass approximation model, the optical band gap is
inversely proportional to particle size. As a conse-
quence, we observed a decrease in bandgap with the
increase in particle size. The calculated bandgap is
smaller than that of the earlier reported YFO-based
materials as well as other perovskite materials. The
literature reported bandgap of the materials as well
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Fig. 5 Enlarged view of Raman spectra a 100-200 cm™', b 200-400 cm™!, ¢ 100-200 cm™", and d 600-700 cm™!
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Fig. 6 Reflectance spectra of YFO and different wt% added
LKBO in YFO nanomaterials

as the present study is provided in Table 3, for the
comparison purpose. The low bandgap result of the
present study (Table 3) indicates that these materi-
als could be potential candidates for photocatalysis
applications [49, 56].
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Room temperature magnetization hysteresis (M—H)
loops (an applied field up to 1.8 T) of YFO and dif-
ferent wt% added LKBO in YFO nanomaterials are
depicted in Fig. 8a—d. All the samples under this
study exhibited the net magnetic moment, and the
obtained magnetization (M) values for YFOLKBO-0,
YFOLKBO-0.25, YFOLKBO-0.50, and YFOLKBO-1
were 3.64, 3.72, 4.14 and 3.62 emu/g and the corre-
sponding coercive field (Oe) values were 67.3, 64.8,
62.6 and 47.7, respectively Fig. 8. The magnetization
values depend on many factors, such as the synthetic
route used for the preparation, sintering or calcination
temperature, particle size, and a few more factors [20,
44, 57-61]. Here the improved magnetization value is
due to the increase in particle size. With an increase
in particle size, the YFO polarization also changes
(due to changes in the Fe—O bond) which leads to the
improvement of magnetic property [32]. In Fig. 5d, the
characteristic of the Fe-O bond for the YFOLKBO-0.5
is shifted toward a higher wavenumber (2 cm’) ie.,
from ~ 633 to 635 cm™') when compared to that of the
YFOLKBO-0 sample. Furthermore, the coercive field
of the sample continuously decreased from 67. 3 to
47.8 Oe when the increase of LKBO wt% from 0 to 1
wt% in YFO nanomaterials (Fig. 9). The decrease in the

Fig. 7 Tauc plots for

a YFOLKBO-0, b
YFOLKBO-0.25, ¢
YFOLKBO-0.50, and d
YFOLKBO-1 nanomaterials

hv (eV)
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Table 3 Comparative study of the optical bandgap of the present
study and previously reported YFO and other perovskite materi-

als
S. No. Material Optical References number
band gap
(V)
1. YFO 2.47 [34]
2. YFO 2.30 [44]
3. YFO 2.48 [20]
4, BaTiO; 3.28 [45]
5. LiNbO, 3.78 [46]
6. CoCr,04 3.10 [47]
7. BiFeO, 2.67 [48]
8. FeCr,0, 2.90 [47]
9. CaCu;Ti, Oy, thin films 3.79 [49]
10. YFOLKBO-0 2.23 Present study
11. YFOLKBO-0.25 2.21 Present study
12. YFOLKBO-0.50 2.19 Present study
13. YFOLKBO-1 2.18 Present study
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coercive field may be due to the increase in crystallite
size [62].

X-ray photon spectroscopy (XPS) was performed,
to estimate the chemical states of the elements pre-
sent in YFOLKBO-0 and YFOLKBO-0.5 samples.
The survey scan spectrum and each element present
in YFOLKBO-0 and YFOLKBO-0.5 samples were
depicted in Figs. 10 and 11, respectively. The binding
energy for 3ds, and 3d;, was observed at 156.8 and
159.2 eV, respectively for the Y atom in both the sam-
ples. The difference between these two states is around
2.4 eV, which indicates that Y exists in + 3 oxidation
states. The deconvolution of Fe: 2p;, peak has been
calculated using the multi-peak method. These decon-
volutions yield two different peaks with two binding
energies around 710 and 723 eV corresponding to the
Fe?" and Fe* ions respectively (for both samples). This
evidence provides that the Fe is the existence of mixed
states (Fe?* and Fe®") in the samples. The deconvolu-
tion of two peaks in oxygen around 529 and 532 eV
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Fig. 8 M-H loops of a YFOLKBO-0, b YFOLKBO-0.25, ¢ YFOLKBO-0.50, and d YFOLKBO-1 nanomaterials
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Fig. 9 Comparison of magnetization and Coercive field as a
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are attributed mainly to the surface adsorbed oxygen.
The peak position of 532 eV is not strong enough as
compared to the 529 eV which suggests the loss of an
electron, making it O~ from O ion thus giving rise to
a higher concentration of oxygen vacancies. The peak
strengthening therefore decides the position of 529 eV
as it belongs to the O™ ion which in turn belongs to
lattice oxygen and the position at 532 eV corresponds
to the O™ ion which is thus related to the O ion. The
ratio of O72/O7ions within the limit of 2-10 suggests
that oxygen deficiency is not in consideration of the
structural impact. The binding energy at 55.4, 191.1,
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and 299.2 eV for Lils, B1s, and K 2p, respectively for
the YFOLKBO-0.5 samples (Fig. 11).

Finally, to observe the morphology of the
YFOLKBO-0 and YFOLKBO-0.50, the SEM analysis
was carried out on the surface of the pellet samples.
The samples were sputtered with platinum before
SEM analyses to prevent the surface charge because
they are electrically non-conducting by nature. The
SEM images of YFOLKBO-0 and YFOLKBO-0.50 are
depicted in Fig. 12a-b. Here both the samples exhibit
the regular shape morphology. The line intercept
method was used to estimate the average particle size
of the samples. The estimated average particle size
of the YFOLKBO-0 and YFOLKBO-0.5 samples was
found to be 390 and 920 nm, respectively.

4 Conclusions

The current investigations aided in identifying lith-
ium potassium borate (LKBO) glass as an additive
for further magnetic properties improvement of YFO
material. Rietveld analysis indicates that YFO and
0.5 wt% LKBO added YFO materials are exhibiting
the orthorhombic structure. An increase of LKBO
concentration in YFO leads to an increase in the par-
ticle size of the material. The optical bandgap was
decreased from 2.23 to 2.18 eV with an increase of
particle size from 195 to 398 nm. The regular shape

Fig. 10 XPS spectrum of Y3d_, v3d
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Fig. 11 XPS spectrum of
LKBOYFO-0.5 sample
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Fig. 12 SEM images of a YFO and b 0.5 wt% LKBO added YFO (insert shows the histogram of the particle size distribution of each
sample)

and uniform-sized particles were observed through emu/g) and realistic coercive field (62.6 Oe) when
SEM and DLS techniques. The oxidation state of =~ compared to that of other samples under this study.
each element in YFO and 0.5 wt% LKBO added YFO  Thus, these studies show that 0.5 wt% LKBO glasses
was estimated using XPS analysis. YFOLKBO-0.50 added to YFO will be potential candidates for dif-
sample shows the highest magnetization value (4.15 ferent applications.
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ENHANCING SECURITY IN THE INTERNET OF THINGS (I0T): CHALLENGES AND SOLUTIONS

G.Satya Suneetha
Lecturer in Computer Applications, Government Degree College, Kovvur, E.G.Dt

Abstract:

The rapid proliferation of Internet of Things (IoT) devices has ushered in a new era of connectivity, promising
transformative benefits across various domains. However, this growth has also given rise to formidable security challenges
that must be addressed to unlock the full potential of IoT. This paper presents a comprehensive exploration of the
multifaceted security challenges inherent in the IoT ecosystem.The paper subsequently uncover the vulnerabilities
commonly found in IoT devices, underscoring the critical importance of strong authentication, encryption, and secure
firmware management. Real-world case studies illustrate the consequences of these vulnerabilities, shedding light on the
tangible impact of security lapses.It offers an in- depth analysis of security solutions and best practices for mitigating [oT
security risks, addressing the roles of encryption, authentication, and security-by-design principles and explore the
regulatory and compliance frameworks that govern loT security, emphasizing their role in establishing baseline security
requirements. Through an exploration of emerging trends, including the integration of edge computing, 5G connectivity,
and artificial intelligence, it provide a forward-looking perspective on the evolving loT security landscape.

Keywords: Multifaceted Security Challenges In the IOT, Iot Security Risks, Edge Computing.

1. Introduction:

The Internet of Things (IoT) has emerged as a transformative technological paradigm, ushering in an era where everyday
objects are connected to the internet, enabling them to communicate, collect, and exchange data. This interconnectedness
has the potential to revolutionize industries, improve efficiency, and enhance the quality of life. However, this rapid
proliferation of IoT devices has also given rise to a host of security challenges that must be addressed to realize the full
potential of this technology. The growth of IoT has been staggering.

According to industry reports, there were over 30 billion connected IoT devices in 2020, and this number is projected to
reach 75 billion by 2025. This exponential growth, while promising, raises significant concerns about the security of these
devices and the data they handle. As IoT devices become increasingly integrated into our daily lives and critical
infrastructure, the need for robust security measures becomes paramount.This paper aims to delve into the multifaceted
security challenges facing the IoT ecosystem. It explores the various threats that IoT devices and networks are susceptible
to, delves into the vulnerabilities inherent in loT device design, discusses security solutions and best practices, examines
regulatory and compliance frameworks, presents real-world case studies of IoT security breaches, and looks ahead to
emerging trends in IoT security.

2. Background

The roots of IoT can be traced back to the early days of the internet when researchers envisioned a world where devices
could communicate and share data seamlessly. The concept has since evolved into a reality, driven by advancements in
connectivity, miniaturization of sensors, and the availability of low-cost hardware.

IoT has found applications across various domains, including healthcare, transportation, agriculture, and smart cities. For
instance, in healthcare, loT-enabled wearable devices can continuously monitor vital signs, providing real-time data to
healthcare professionals and enabling early intervention. In agriculture, IoT sensors can monitor soil conditions, weather
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patterns, and crop health, optimizing crop yields and resource utilization.As IoT continues to grow, it is poised to play a
crucial role in Industry 4.0, where automation and data-driven decision-making are central. Smart factories, for example,
leverage loT to improve manufacturing efficiency, reduce downtime, and enhance product quality.

3. IoT Security Threats

IoT security threats are diverse and constantly evolving, posing significant risks to individuals, organizations, and critical
infrastructure. One of the most prevalent threats is the proliferation of loT-specific malware and botnets. These malicious
software entities target vulnerable devices, turning them into a network of compromised devices that can be harnessed for
various malicious activities, such as launching Distributed Denial of Service (DDoS) attacks or stealing sensitive data.
Data breaches and privacy violations are also major concerns. IoT devices often collect and transmit personal or sensitive
data, making them attractive targets for cybercriminals. Unauthorized access to such data can result in identity theft,
financial losses, and reputational damage.Physical attacks on IoT devices cannot be overlooked either. As these devices
become embedded in critical infrastructure, physical tampering or tampering with firmware can have far-reaching
consequences, including disrupting essential services or compromising public safety. The scale and impact of these threats
are substantial. Recent studies indicate that a significant percentage of IoT devices are vulnerable to attack, with a majority
of them lacking basic security features.

4. Vulnerabilities in IoT Devices

IoT device vulnerabilities often stem from inadequate security practices during the design and manufacturing phases. One
common issue is the use of weak or default credentials. Many loT devices ship

default usernames and passwords that are rarely changed by end-users, creating an easy entry point for attackers.
Manufacturers must implement strong authentication mechanisms and enforce password changes to mitigate this risk.
Another critical vulnerability is the lack of end-to-end encryption. Data transmitted between loT devices and the cloud is
often inadequately protected, making it susceptible to interception and tampering. Robust encryption protocols such as
Transport Layer Security (TLS) must be implemented to secure data in transit.

Additionally, firmware updates and patch management are often neglected, leaving devices with known vulnerabilities
unpatched. Manufacturers must establish mechanisms for delivering timely updates and patches to lIoT devices throughout
their lifecycle. Real-world case studies further illustrate the consequences of these vulnerabilities. Notable incidents include
the Mirai botnet attack in 2016, which harnessed compromised IoT devices to launch massive DDoS attacks, and the Stuxnet
worm, which targeted industrial control systems.

5. Security Solutions and Best Practices

Securing loT devices and networks requires a multi-pronged approach involving device manufacturers, service providers,
and end-users. Strong encryption, authentication, and access control mechanisms are fundamental components of IoT
security.

Encryption safeguards data at rest and in transit, preventing unauthorized access. Modern cryptographic algorithms like
Advanced Encryption Standard (AES) and secure key management are essential for protecting data integrity and
confidentiality.

Authentication mechanisms, such as two-factor authentication (2FA) and biometrics, ensure that only authorized users can
access loT devices and systems. 2FA adds an extra layer of security by requiring users to provide two forms of identification.
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Security-by-design principles should guide loT device manufacturers. This entails incorporating security features and best
practices into the design and development process from the outset. Security assessments and penetration testing should be
conducted regularly to identify and address vulnerabilities. Ongoing monitoring and incident response are critical. Security
teams should continuously monitor IoT device behavior for anomalies, signifying potential breaches. Rapid response
procedures should be in place to mitigate threats and limit damage in case of an incident. End-users also play a vital role in
IoT security. They must change default passwords, keep devices updated with the latest firmware and security patches, and
use strong, unique passwords. Education and awareness campaigns can empower users to take these actions.

6. Regulatory and Compliance Frameworks

Recognizing the growing importance of IoT security, governments and industry bodies have introduced regulatory
frameworks and standards to establish baseline security requirements for IoT devices and services. These regulations are
designed to ensure that manufacturers prioritize security in their products and that consumers can trust the devices they use.
In the United States, for example, the Cyber security Improvement Act of 2020 establishes guidelines for federal agencies
to procure and deploy IoT devices with a focus on security. The European Union's Cyber security Act and GDPR (General
Data Protection Regulation) also have implications for IoT security, requiring stringent data protection and security
measures. Industry standards such as the [oT Cyber security Improvement Act of 2020 and ISO/IEC 27001 provide guidance
and certification processes that IoT manufacturers can follow to demonstrate their commitment to security. Compliance
with these standards not only enhances security but also builds consumer trust.

7. Case Studies

Real-world case studies offer valuable insights into the consequences of loT security failures. These incidents underscore
the urgency of addressing IoT security challenges. One notable case study is the 2016 Mirai botnet attack. Mirai malware
infected hundreds of thousands of IoT devices, including cameras and routers, turning them into a powerful botnet that
launched massive DDoS attacks. These attacks disrupted internet services for millions of users and exposed the vulnerability
of [oT devices with default credentials.

Another significant incident involved a casino's high-roller database being breached through an IoT- connected fish tank
thermometer. The attacker exploited a vulnerability in the IoT device to gain access to the casino's network, ultimately
compromising sensitive customer data. This case demonstrates the unexpected entry points and potential consequences of
IoT security breaches.

In the healthcare sector, a case study involving a connected medical device serves as a stark reminder of the risks. In this
instance, an insulin pump was compromised by an attacker who gained unauthorized access. The attacker could have
potentially manipulated insulin dosages, putting the patient's life at risk. These case studies highlight the wide-ranging
impact of IoT security breaches, ranging from service disruptions to privacy violations and even life-threatening situations.
They underscore the critical need for robust security measures and proactive risk management in the IoT ecosystem.

8. Future Trends and Conclusion
As the IoT landscape continues to evolve, several emerging trends and challenges warrant attention from stakeholders:
. Edge Computing: The proliferation of edge computing in IoT architectures will bring computation closer to IoT

devices. While this enhances real-time processing and reduces latency, it also introduces new security concerns, including
the need to secure edge nodes.

. 5G Connectivity: The deployment of 5G networks will further accelerate IoT adoption. However, it also expands
the attack surface, requiring enhanced security measures to protect the increased volume of data transmitted over high-speed
connections.
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. Artificial Intelligence (AI) and Machine Learning (ML): Al and ML are being increasingly integrated into IoT
devices for predictive maintenance, anomaly detection, and automation. However, these technologies also introduce
vulnerabilities that can be exploited by malicious actors.

In conclusion, the security challenges in the Internet of Things are multifaceted and ever-evolving. The exponential growth
of IoT devices demands a proactive and comprehensive approach to security. Manufacturers must prioritize security-by-
design, governments and industry bodies must enact and enforce regulations, and end-users must be educated about [oT
security best practices.

The consequences of [oT security breaches are substantial, affecting not only individual privacy and financial well-being
but also public safety and critical infrastructure. However, with concerted efforts and continued research and innovation in
IoT security, we can harness the full potential of this transformative technology while minimizing the associated risks. This
research paper has explored the landscape of loT security challenges, delving into threats, vulnerabilities, solutions,
regulatory frameworks, case studies, and future trends. It is our hope that this paper serves as a valuable resource for
policymakers, manufacturers, security professionals, and all those vested in securing the IoT ecosystem for a safer and more
connected future.
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ABSTRACT

Core Banking is normally the business conducted by a banking institution with
its retail and small business customers. Core banking basically is depositing and
lending of money. The core banking services in the present day scenario comprises
the digitalized and electronic banking transactions. The present study examines the
attitude of the customers towards the core banking services offered by the selected
banking organizations and it assess the rating scores offered by the customers
towards the core banking services in the selected banking organizations. The study
further evaluates the relationship between the demographic factors of the customers
and their rating scores towards core banking services. The present research study
adopts Descriptive Research Design . Both the primary and secondary data sources
will be utilized by the researcher in order to draw conclusions from the findings of
this study. Primary data will be collected from the selected sample respondents
through interview schedule method. The sampling units identified for the present
study involves four banking organizations comprising both public and private sector
banking organizations located in the Krishna District of Andhra Pradesh and the
sample respondents comprises the customers of the selected banking organizations.
Two public sectors and two private sector banking organizations were identified as
the study units. Selective Random Sampling Technique was applied in order to
draw the sample respondents from the identified sampling units in the study area. The
sample size fixed for this study purpose was 120 from the selected four public and
private banking organizations in the study area. In order to draw the statistical
inferences from the data analysis, statistical tools like percentage, Rank score and t-
test were applied. The study concludes that the customers are having very high
attitude towards the core banking services offered by the selected banking
organizations. The study further concludes that there exists a significant relationship
between the demographic profile of the respondents and their rating towards the core
banking services in the selected banking organizations.

Key Words: Customer, Attitude, Satisfaction level, Core Banking Services
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INTRODUCTION

An attitude can be defined as a positive or negative evaluation of people,
objects, event, activities, ideas, or just about anything in your environment, but there
is debate about precise definitions. Eagly and Chaiken, for example, define an attitude
"a psychological tendency that is expressed by evaluating a particular entity with
some degree of favor or disfavor."Core banking is the services provided by a group of

networked bank branches.

Bank customers may access their funds and other simple transactions from any
of the member branch offices. Core Banking is normally the business conducted by a
banking institution with its retail and small business customers. Many banks treat the
retail customers as their core banking customers, and have a separate line of business
to manage small businesses. Larger businesses are managed via the Corporate
Banking division of the institution. Core banking basically is depositing and lending

of money.

The core banking services in the present day scenario comprises the
digitalized and electronic banking transactions comprising national electronic fund
transfer, real time gross settlement, electronic clearance service, cheque collection,
cheque transaction, clearing, SMS banking, ATMs, internet banking , payment of
dividends and utility bills etc,. The present study aims at analyzing the attitude of the
customers towards the core banking services offered by the selected public and

private sector banking organizations in the Krishna district of Andhra Pradesh.

REVIEW OF LITERATURE

Fozia, M. (2013), The aim of this paper is to determine the customer’s
perception toward the ebanking services. 196 customers were engaged for the study to
derive the conclusions.. Analysis of variance technique is used to study the significant
relationship between the occupation and customer perception of e-banking services
and significant relationship between the age and customer perception of E-Banking
services. The result of the study shows that diverse age group of customer and

different occupation group of customers have dissimilar perception toward the e-
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banking services. The results also show that the demographic factors have a
significant impact on online banking behaviour, especially work and age. Finally, this
article suggests that understanding customer perceptions of e-banking in commercial

and private banks will help bankers better understand their customers needs.

Surabhi Singh (2017), he examines in his study that, the present examination
was intentional with the objective to assess the degree of use of services especially the
IT enabled services in these banks and to analyse the component factors affecting
client satisfaction with the quality of services. The study was conducted in public,
private and foreign banks of Delhi. Multistage random sampling is used for sampling.
It was proposed to conduct the study in five areas of Delhi such ass East, West, North,
South and Central Delhi in Delhi. One of the above bank branches in each region of
Delhi will be randomly selected. While choosing a branch, we pay attention to
provision of at least 5 IT support services. This step is compared to Intra Bank.
Survey shows that the clients of nationalized banks are dissatisfied with the behaviour
and infrastructure of their employees, while respondents of private and foreign banks

are dissatisfied with high prices, accessibility and communication.

Sawanth K (2016), This study was assumed by customers of two local and
foreign banks in Oman. An effort has been made to learn and analyse the important
factors affecting the service quality of banks in Oman. The major discoveries of the
study are the level of customer satisfaction of local banks is better than the foreign
banks in Oman. The eminence of service provided by local banks is better than

foreign banks.

Madhava K (2020), A try has been made by evaluating the services
concentrated by banks through the e-banking services. The e-banking service carries
lot of convenience, customer -centricity, increased service quality and cost
effectiveness. This paper scrutinizes the patron satisfaction on the Electronic Banking
Services of Public Sector and Private Sector Banks in Puducherry Region. The model
size of the study is 478, the data is assembled from both the primary and secondary
information. The outcome of the learning shows that customers of Public Sector

Banks have lesser perception of the various dimensions of eservice quality compared
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with the private sector Banks. This paper recommends that the wider use of ICT based

applications in banking services will make better banking solutions.

Yogeswaran G (2015), this study was undertaken on topic customer
perception towards amenities provided by public sector and private banks- A
comparative study. The services of ICICI Bank and SBI Banks are taken into
consideration. According to this study, public sector banks face tough competition
from private sector banks for the quality of their services. Public sector banks should
focus on providing their clients with up-to-date information on the new services they
provide. The study also reveals that, public sector banks need to change their policies,

customer service standards and service efficiency.

Dhar K Ravi (2009), this study focuses on the opportunities and perceptions of
customers for the quality of banking services in the public and private sectors. The
study also identifies two factors that influence customer expectations and perceptions
of the quality of banking services. Samples were collected from 400 Madhya Pradesh
clients in India. As a result, it can be seen that there is a big difference between the
expectations of the clients of commercial and private banks. The results also highlight
a significant difference between in the perception of clients by public and private
banks. The study also states that, public sector banks must focus on narrowing
differences in perceptions of customer expectations and quality of service in order to

compete in international markets.

OBJECTIVES OF STUDY

1. To analyze the attitude of the customers towards the core banking services

offered by the selected banking organizations.

2. To assess the rating scores offered by the customers towards the core banking

services in the selected banking organizations

3. To analyze the relationship between the demographic factors of the

customers and their rating scores towards core banking services.
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HYPOTHESES

In order to test the mentioned research objectives in the present study, the

following Null-hypothesis was proposed and tested for its statistical significance.

Hol : There exists no significant relationship between the demographic profile of the
respondents and their rating towards the core banking services in the selected

banking organizations.

RESEARCH METHODOLOGY

The present research study adopts Descriptive Research Design . Both the
primary and secondary data sources will be utilized by the researcher in order to
draw conclusions from the findings of this study. Primary data will be collected from
the selected sample respondents through interview schedule method and secondary
data sources will be gathered from the Reports, Journals , Magazines and other

published material pertaining to the research topic.

The sampling units identified for the present study involves four banking
organizations comprising both public and private sector banking organizations
located in the Krishna District of Andhra Pradesh and the sample respondents
comprises the customers of the selected banking organizations. Two public sector
banking organizations namely State Bank of India and Indian Bank and two private
sector banking organizations namely Axis Bank and ICICI were identified as the

study units.

Selective Random Sampling Technique was applied in order to draw the
sample respondents from the identified sampling units in the study area. 30 customers
from each selected banking organization were identified as the sample respondents
and hence, the sample size fixed for this study purpose was 120 from the selected
four public and private banking organizations in the study area. In order to draw the
statistical inferences from the data analysis, statistical tools like percentage, Rank

score and t-test were applied.
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DATA ANALYSIS AND INTERPRETATION

Table No.1
Customer attitude towards core banking services in the selected organizations
Demographic | Very | High | Moderate | Low | Very | Total | Rank
factors High low
Age 43 47 10 18 2 120 II
Education 49 40 16 9 6 120 I
Occupation 44 40 13 18 5 120 v
Income 45 41 10 21 3 120 III
Social factor 5 6 31 59 19 120 X
Type of 20 42 31 24 3 120 VI
accounts
Expenditure 18 21 28 48 5 120 VII
Encouragement | 10 12 26 60 12 120 IX
Awareness 41 38 18 20 3 120 A%
about services
Savings 15 11 31 58 5 120 VIII
Family status 5 3 28 65 19 120 XI

Source : Primary Data

The table no.1 shows the Customer attitude towards core banking services in
the selected organizations. It shows that with regard to the demographic factor of age,
majority of the respondents are having high attitude followed by the respondents with
very high attitude towards core banking services in the selected organizations. The
table further shows that with regard to the demographic factor of education, majority
of the respondents are having very high attitude followed by the respondents with

high attitude towards core banking services in the selected organizations.

The table depicts that with regard to the demographic factor of occupation,
majority of the respondents are having very high attitude followed by the
respondents with high attitude towards core banking services in the selected

organizations. The table further denotes that with regard to the demographic factor of
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income, majority of the respondents are having very high attitude followed by the
respondents with high attitude towards core banking services in the selected

organizations.

The table denotes that with regard to the demographic aspect of social factor,
majority of the respondents are having low attitude followed by the respondents with
very low attitude towards core banking services in the selected organizations. The
table further shows that with regard to the demographic factor of type of accounts,
majority of the respondents are having high attitude followed by the respondents

with low attitude towards core banking services in the selected organizations.

The table depicts that with regard to the demographic factor of expenditure,
majority of the respondents are having low attitude followed by the respondents with
high attitude towards core banking services in the selected organizations. The table
further denotes that with regard to the demographic factor of encouragement,
majority of the respondents are having low attitude followed by the respondents with

very low attitude towards core banking services in the selected organizations.

The table denotes that with regard to the demographic aspect of awareness
about services, majority of the respondents are having very high attitude followed by
the respondents with high attitude towards core banking services in the selected
organizations. The table further shows that with regard to the demographic factor of
savings, majority of the respondents are having low attitude followed by the
respondents with very high attitude towards core banking services in the selected

organizations.

The table depicts that with regard to the demographic factor of the family
status, majority of the respondents are having low attitude followed by the
respondents with very low attitude towards core banking services in the selected

organizations.
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Verification of Hypothesis- Hol

Hol :

ISSN NO

1 2249-7455

There exists no significant relationship between the demographic profile of the

respondents and their rating towards the core banking services in the selected

banking organizations.

Test applied : t- test

Table No.2

Relationship between Demographic factors of the customers and their Rating

towards core banking services

SL.No Demographic factors t-value Slgnificant (2-talled) at

0.05 level of significance
1 Age 75.196 0.000
2 Education 72.482 0.000
3 Occupation 66.159 0.000
4 Income 69.032 0.000
5 Social factor 53.614 0.000
6 Type of accounts 68.972 0.000
7 Expenditure 59.729 0.000
8 Encouragement 52.138 0.000
9 Awareness about services 69.564 0.000
10 | Savings 57.295 0.000
11 Family status 53.467 0.000

Source : Computed

customers and their Rating towards core banking services.

The table no.2 shows the relationship between Demographic factors of the

It shows that all the

identified demographic factors were found to be statistically significant at 0.05 level

of significance. Thus, the proposed null hypothesis (Hol) is rejected.

MAJOR FINDINGS

The result shows that with regard to the demographic factors of age,

education, occupation, income, type of accounts and awareness about
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services, the respondent customers are having very high attitude towards the
core banking services offered by the selected banking organizations in the

study area.

e The result denotes that with regard to the demographic factors of the
customers like social factors, expenditure, encouragement, savings and
family status, the respondent customers are having low attitude towards the

core banking services.

e The result depicts that the customers had ranked the demographic factors of
education, age, income and occupation in the priority of first, second , third

and fourth rank orders respectively.

e The t-test result shows that all the identified demographic factors are
significant at 0.05 level of significance. Hence, the proposed null hypothesis
(Hol) stands rejected. Thus, it can be inferred that there exists a significant
relationship between the demographic profile of the respondents and their

rating towards the core banking services in the selected banking organizations.

CONCLUSION AND SUGGESTIONS

The present study examines the attitude of the customers towards the core
banking services offered by the selected banking organizations and it assess the rating
scores offered by the customers towards the core banking services in the selected
banking organizations. The study further evaluates the relationship between the
demographic factors of the customers and their rating scores towards core banking

services.

The study concludes that the customers are having very high attitude towards the
core banking services offered by the selected banking organizations. The study further
concludes that there exists a significant relationship between the demographic profile
of the respondents and their rating towards the core banking services in the selected
banking organizations. The banking organizations shall extend their customer service
departments and grievance redressal mechanism in order to safe guard the interest of

their customers.
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Abstract

This research paper explores the integration of L-hypergeometric functions with fuzzy Lie groups. We
construct L-hypergeometric functions on fuzzy Lie groups and investigate their properties, providing
numerical examples and visualizations to illustrate key concepts.

Keywords: L-hypergeometric functions, fuzzy lie groups, integrations

1. Introduction

Fuzzy set theory, introduced by Zadeh in 1965 ™, has provided a framework for dealing with
imprecision in many real-world problems. This paper focuses on extending Lie group theory
into the fuzzy domain, specifically investigating L-hypergeometric functions on fuzzy Lie
groups.

2. Preliminaries
2.1 Fuzzy Lie Groups
Definition 1 A fuzzy Lie group ﬁ is a group (7 equipped with a fuzzy set structure that

satisfies the group axioms to a degree defined by membership functions [,

1
:‘ 4
s 2
1 4
) .
-2 | 0 1 2
- -

Fig 1: Membership function of a fuzzy Lie group element
2.2 L-Hypergeometric Functions

Definition 2 L-hypergeometric functions are generalizations of classical hypergeometric
functions, defined by the differential equation FI:
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x(1-9) T+ [c—(a+b+ 1) T —aby =0

where a, b, and c are complex parameters, and L is a linear differential operator.

3. L-Hypergeometric Functions on Fuzzy Lie Groups

3.1 Construction

We construct L-hypergeometric functions on fuzzy Lie groups by defining differential operators that act on fuzzy manifolds and
satisfy fuzzy analogues of the classical L-hypergeometric equations.

Example 1 (Fuzzy L-Hypergeometric Function) Consider a fuzzy L-hypergeometric function defined on a fuzzy Lie group G:

(Do (B),x”

d(x) =, F; I:'?‘51-55 Gx) = ©. n!

n=0
where &, f, and & are fuzzy parameters.

For numerical computation, let’s use crisp values: a= 05, b= 15, c= 2.0
We can compute the first few terms:

;. 0515 05.15.15.25¢
bx) ~ 20 20-30 2

~ 1+ 0.375x+ 0.234375x% + ---

v -

1. D .

O -
0 0.2 0.1 (LR & oS 1

@ 5—2>=5b 10—« 1.5

Fig 2: Fuzzy L-hypergeometric functions for different parameter values

3.2 Properties
Theorem 1 (Orthogonality) The fuzzy L-hypergeometric functions ¢m g:x] and q)n (xj are orthogonal with respect to a
suitable inner product on E

Proof
Let d}m I:X] and q)n (x] be the fuzzy L-hypergeometric functions. We aim to show that these functions are orthogonal with

respect to a suitable inner product on (. First, define the inner product on the space ﬁ as follows:

b
(Pm) Pn) = f $m () Pn ()W(x) dx

where W(X] is a weight function, and 3 and by are the limits of the interval over which the functions are defined. For
orthogonality, we need to show that:

~g)~


https://www.physicsjournal.net/

International Journal of Physics and Mathematics

{d}m- ¢11} =0 for m#n

Assume that ¢m I:X] and d}“ (X} satisfy the following differential equations:

L[¢1n I:X]] = J‘qnd}m I:X] and L[d}n(xj] = ?Lnd}n(xj

where L is a linear differential operator, and ?Lm and ?Ln are eigenvalues corresponding to the functions ¢m I:X] and ¢n I:Xj
respectively. Multiplying the first equation by ¢"n (x]w(xj and integrating over [a, b]: we get:

b b
f L{ben (9] B OW) dx = Ay f $en ()P OW(X) d

Similarly, multiplying the second equation by ¢, (X)W (X) and integrating over [&, b], we get:

b b
| T 10mow () dx =1 | Ba(I0mGIWE0) d
since L is a linear differential operator, it has the property that:

b o b .
f L{hen (9] B (OW(X) dx = f $en OL[PROTW () d
Therefore,

b o b o

M | 09GO a5 =y [ 0rn (90, GIWC)
Since Ay, # Ay, for M # 1, it follows that:

b
G — 1) f P (DB DOW() dx = 0

Thus,
b —
f ¢’m I:X] ¢n (XJW(X] dx=0

Hence, the fuzzy L-hypergeometric functions d)m I:X] and d)n I:X:J are orthogonal with respect to the inner product on G.
Example 2 (Orthogonality Visualization) Consider two fuzzy L-hypergeometric functions:

&, (%) =, F,(0.5,1.5;2.0;x)
&, (%) =, F1(1.0,2.0;2.5;x)

We can visualize their orthogonality:
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Fig 3: Visualization of orthogonality between fuzzy L-hypergeometric functions

4. Applications

4.1 Fuzzy Control Systems

Fuzzy L-hypergeometric functions can be applied to design fuzzy controllers that manage systems with inherent uncertainties.
Example 3 (Fuzzy Controller) Consider a fuzzy controller using an L-hypergeometric function to map input to output:

y =0 = F;Eb&x)

where X is the input, ¥ is the output, and d, b, Care fuzzy parameters representing system uncertainty.
Let’s compare controller behavior for different uncertainty levels:

2

Ed " L3

— Modium uncerGunty
1.8F1— High uncerunty
Low uncerbunly

2 16F

=

O 14}
12}

s : |

l1) (il 02 03 04 05 06 0.7 08 09 I

fapul

Fig 4: Fuzzy controller behavior with L-hypergeometric function
4.2 Quantum Mechanics
The fuzziness inherent in quantum mechanics can be modeled using fuzzy L-hypergeometric functions, potentially leading to

more accurate descriptions of quantum phenomena.
Example 4 (Quantum State Representation) Consider a quantum state represented by a fuzzy L-hypergeometric function:

Y(x) =N, F; (&b &x?)

where [N is a normalization constant and &, b, € represent fuzzy quantum numbers.
We can visualize different quantum states:

~ 54~


https://www.physicsjournal.net/

International Journal of Physics and Mathematics

I L ‘\.&_——_
— Sl 1
R S — Sl 2 \4
o hbr 1
= 04} 1
02r .
0 —k - - : - .
-2 1.5 | s O | Y | 1.5 2
x

Fig 5: Quantum state probability densities using fuzzy L-hypergeometric functions

5. Conclusion and Future Work

This paper presents a novel integration of L-hypergeometric functions with fuzzy Lie groups, providing numerical examples and
visualizations to illustrate key concepts. Future work will focus on extending the theory to other special functions and exploring
applications in various scientific and engineering fields.

6. References

1.
2.
3
4.

5.

Zadeh LA. Fuzzy sets. Information and Control. 1965;8(3):338-353.

Turksen IB. Fuzzy Lie groups. Journal of Mathematical Analysis and Applications. 2006;320(1):97-112.

Vidyasagar KV. Certain geometric properties of £-Hypergeometric function, Advanced Mathematical Models &
Applications. 2022;7(1):76-84.

Behrman EC. Tunneling systems in condensed phases: quantum dynamical Monte Carlo and analytical theories. University of
[llinois at Urbana-Champaign; c1985.

Cam HN, Heiner E. The time dependent projection operator method for tunneling in Josephson junctions. Zeitschrift fir
Physik B Condensed Matter. 1992 Jun;89(2):199-207.

~ 5§~


https://www.physicsjournal.net/

O\

Asian Journal of Management and Commerce

E-ISSN: 2708-4523

P-ISSN: 2708-4515

AJMC 2023; 4(1): 366-372

© 2024 AJMC
www.allcommercejournal.com
Received: 18-01-2023
Accepted: 27-02-2023

Kasina Naga Suryanarayana
Lecturer, Department of
Commerce, Government
Degree College, Kovvur, East
Godavari District, Andhra
Pradesh, India

Corresponding Author:
Kasina Naga Suryanarayana
Lecturer, Department of
Commerce, Government
Degree College, Kovvur, East
Godavari District, Andhra
Pradesh, India

SRS

E-commerce growth and its implications for consumer
behavior: A review of recent trends

Kasina Naga Suryanarayana

DOI: https://doi.org/10.22271/27084515.2023.v4.i1d.360

Abstract

This review examines the significant growth of e-commerce from 2010 to 2023 and its profound
implications for consumer behavior. Over the past decade, e-commerce has evolved rapidly, driven by
advancements in mobile commerce, personalization, social commerce, and the adoption of emerging
technologies such as artificial intelligence. These developments have fundamentally transformed how
consumers interact with online platforms, leading to new patterns in purchasing behavior, customer
expectations, and brand loyalty. The review highlights the impact of mobile devices in facilitating on-
the-go shopping and the role of personalized experiences in increasing customer satisfaction and
retention. Social commerce, the integration of social media with online shopping, has also emerged as a
powerful tool for influencing consumer decisions, particularly among younger demographics.
Additionally, the COVID-19 pandemic acted as a catalyst for the rapid acceleration of e-commerce,
permanently altering the retail landscape. The discussion interprets these trends in the context of
existing literature, emphasizing the need for businesses to adapt to these changes and for policymakers
to consider the broader implications for consumer privacy and data security. The review concludes by
identifying areas for future research, particularly the long-term effects of artificial intelligence and the
challenges faced by small and medium-sized enterprises (SMES) in this dynamic environment. Overall,
this article provides a comprehensive overview of the current state of e-commerce and its ongoing
evolution, offering valuable insights for both academic researchers and industry professionals.

Keywords: E-commerce, consumer behavior, mobile commerce, personalization, social commerce,
COVID-19 impact, online shopping trends

Introduction

Background Information

E-commerce has seen exponential growth over the past decade, transforming from a niche
market to a dominant force in global retail. The rise of mobile devices, coupled with
increased internet penetration and digital payment systems, has significantly expanded the
reach of e-commerce. For instance, global e-commerce sales grew from approximately $1
trillion in 2010 to over $6.5 trillion by 2023 (UNCTAD, 2023). This growth has not only
influenced how consumers shop but also how they interact with brands and make purchasing
decisions.

Importance of the topic

The growth of e-commerce has profound implications for consumer behavior. As online
shopping becomes more prevalent, consumers are developing new expectations regarding
convenience, personalization, and customer service. The shift towards e-commerce has also
led to changes in how consumers perceive brand value, with factors such as user experience
and digital engagement becoming increasingly important. Understanding these changes is
critical for businesses seeking to remain competitive in a rapidly evolving market.

Research Questions or Hypotheses

This review addresses the following research questions:

1. How has e-commerce grown between 2010 and 2023?

2. What factors have driven changes in consumer behavior during this period?
3. What are the implications of these changes for businesses and consumers?

~ 366 ~
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Scope of the Review

This review focuses on the growth of e-commerce from2010
to 2023 and its impact on consumer behavior. It covers key
trends such as mobile commerce, social commerce, and
personalization, while also exploring the role of technology
in shaping these trends. The review excludes a detailed
analysis of regional differences, focusing instead on global
trends and their broader implications.

Objectives

The primary objective of this review is to provide a
comprehensive analysis of how e-commerce growth has
influenced consumer behavior over the past decade. By
examining recent trends and developments, the review aims
to offer insights into the future direction of e-commerce and
its potential impact on consumer interactions.

Methodology

Literature Search Strategy

To ensure a comprehensive review, a systematic literature
search was conducted using databases such as PubMed,
Google Scholar, and Scopus. The search terms included "e-
commerce growth,” “"consumer behavior,” "mobile
commerce,” "personalization in e-commerce,” "social
commerce,” and "COVID-19 impact on e-commerce.” The
search was limited to studies published between 2010 and
2023. Avrticles were selected based on their relevance to the
research questions and their contributions to the
understanding of e-commerce trends and consumer
behavior.

Inclusion and Exclusion Criteria: Studies were included if
they focused on e-commerce growth and consumer behavior
within the specified timeframe. Studies that examined

https://www.allcommercejournal.com

specific regional markets or sectors were excluded unless
they provided broader insights applicable to global trends.
The review also excluded articles that lacked empirical data
or relied heavily on anecdotal evidence.

Data Extraction Process

Data from the selected studies were extracted and organized
according to the key themes identified in the literature. This
process involved summarizing findings related to e-
commerce growth, changes in consumer behavior, and the
impact of emerging technologies. The data were then
synthesized to identify common patterns and trends across
different studies.

Assessment of Study Quality

The quality of the included studies was assessed using
criteria such as the robustness of the research design, the
clarity of the methodology, and the relevance of the findings
to the research questions. Studies that met these criteria
were considered high quality and were given greater weight
in the review.

Literature review and thematic sections

Growth of E-commerce (2010-2023)

E-commerce has grown rapidly over the past decade, with
global sales increasing from $1 trillion in 2010 to $6.5
trillion by 2023 (UNCTAD, 2023). This growth has been
driven by factors such as increased internet access, the
proliferation of mobile devices, and improvements in digital
payment systems (Statista, 2023) %, The following table
provides a detailed overview of global e-commerce sales
from 2010 to 2023, illustrating the exponential growth of
the industry.

Table 1: Comprehensive Overview of E-commerce Growth and Related Trends (2010-2023)

Global E- Mobile Mobile Commerce as | Personalization as % |Social Commerce| Social Commerce

Year commerce Sales | Commerce Sales % of Total of E-commerce Sales (USD as % of Total

(USD Trillions) | (USD Trillions) E-commerce Revenues Billions) E-commerce
2010 1 0.06 6% 8% 0.03 3%
2011 1.3 0.1 8% 10% 0.05 4%
2012 1.6 0.16 10% 12% 0.08 5%
2013 1.9 0.25 13% 15% 0.12 6%
2014 2.3 0.36 16% 18% 0.18 8%
2015 2.8 0.51 18% 22% 0.27 10%
2016 3.2 0.7 22% 25% 0.4 12%
2017 3.7 1 27% 28% 0.6 16%
2018 4.2 1.4 33% 30% 0.9 21%
2019 4.8 1.9 39% 32% 1.3 27%
2020 5.4 2.6 48% 33% 2 3%
2021 6 3.2 53% 34% 25 42%
2022 6.3 4 63% 35% 3.2 50%
2023 (Proj.) 6.5 4.8 74% 36% 4 61%

~ 367 ~


https://www.allcommercejournal.com/

Asian Journal of Management and Commerce

https://www.allcommercejournal.com

w oo

merce Sale

Fig 1: E-commerce Sales Growth during the COVID-19 Pandemic (2019-2022)

Personalization in E-commerce

Personalization has become a cornerstone of e-commerce,
with businesses leveraging data analytics to tailor the
shopping experience to individual consumers. Personalized
product recommendations, targeted advertising, and
customized product offerings have become standard
practices in online retail (Smith et al., 2022) I, Studies have
shown that personalization can significantly increase
customer engagement and conversion rates, with
personalized product recommendations accounting for up to
35% of e-commerce revenues.

Impact on Consumer Behavior

The rise of personalization has changed consumer
expectations, with many shoppers now expecting a tailored
experience when they shop online. This has led to increased
brand loyalty, as consumers are more likely to return to
websites that offer personalized recommendations and
promotions. However, the use of personal data for
personalization has also raised concerns about privacy, with
some consumers becoming more cautious about sharing

their information online (Li & Chen, 2023) 6],

Social Commerce

Social commerce, the integration of social media and e-
commerce, has emerged as a significant trend over the past
decade. Platforms like Instagram, Facebook, and TikTok
have become powerful tools for driving online sales, with
features such as shoppable posts and in-app purchases
making it easier for consumers to buy products directly from
social media (Miller & Davis, 2022) [,

Influence on Consumer Behavior

Social commerce has transformed the way consumers
discover and purchase products. The use of social media
influencers, user-generated content, and social proof has
become increasingly important in shaping consumer
decisions (Nguyen & Wang, 2022) [8l. Research shows that
consumers are more likely to trust recommendations from
peers or influencers than traditional advertising, leading to
higher conversion rates in social commerce (Gao et al.,
2023) B,

Table 2: The growth of personalization and social commerce in e-commerce (2010-2023)

Year Percentage of E-commerce Social Commerce Sales Social Commerce as % of Total E-commerce
Revenues from Personalization (USD Billions)
2010 8% 0.03 3%
2011 10% 0.05 4%
2012 12% 0.08 5%
2013 15% 0.12 6%
2014 18% 0.18 8%
2015 22% 0.27 10%
2016 25% 0.4 12%
2017 28% 0.6 16%
2018 30% 0.9 21%
2019 32% 1.3 27%
2020 33% 2 37%
2021 34% 2.5 42%
2022 35% 3.2 50%
2023 (Proj.) 36% 4 61%
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Fig 2: Personalization Impact on E-commerce Revenues (2010-2023)

Impact of COVID-19 on E-commerce

The COVID-19 pandemic has had a profound impact on e-
commerce, accelerating the shift towards online shopping as
consumers avoided physical stores due to lockdowns and
social distancing measures. According to the World Bank
(2021) 2, global e-commerce sales grew by 27.6% in 2020,
reaching $4.2 trillion, as consumers turned to online
platforms for essential goods, entertainment, and services
(World Bank, 2021) 2,

Changes in Consumer Behavior

The pandemic has led to lasting changes in consumer
behavior, with many people continuing to shop online even
after restrictions were lifted. The convenience and safety of
e-commerce, coupled with improved delivery services and

contactless payment options, have made online shopping the
preferred choice for many consumers (Smith & Johnson,
2022) 1. This shift has been particularly notable in
categories such as groceries, health products, and home
entertainment (Zhao et al., 2023) 131,

Table 3: E-commerce Sales Growth during the COVID-19
Pandemic (2019-2022)

Year Global E-com_mferce Sales | Percentage Growth
(USD Trillions) (%)

2019 4.8 14%

2020 5.4 13%

2021 6 11%

2022 6.3 5%

1.0

o
[

Sales (USD Trillions)
o
o

o
»

0.2

0.0

Groceries Health Products Home Entertainment
Category

Fig 3: E-commerce Sales by Category during the COVID-19 Pandemic (2020-2022)
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Emerging Technologies in E-commerce

Technological innovations have played a significant role in
the evolution of e-commerce. Artificial intelligence, virtual
reality, and blockchain are among the technologies that have
begun to reshape the industry, offering new ways for
businesses to engage with consumers and streamline
operations (Gao et al., 2023) B,

https://www.allcommercejournal.com

Avrtificial Intelligence and Consumer Behavior

Al has enabled more sophisticated personalization and
automation in e-commerce, allowing for real-time product
recommendations, chatbots for customer service, and
predictive analytics for inventory management (Li & Chen,
2023) [, These technologies have enhanced the customer
experience, making online shopping more efficient and
enjoyable.

80
$ 70

60

ommerce {

- wn
o o

Adoption of Al in E-«

2010 2012 2014

2016

2018 2020 2022 2024

Year

Fig 4: The Rise of Al in E-commerce (2010-2023)

Discussion

Interpretation of Findings

The analysis of e-commerce growth from 2010 to 2023
reveals a profound transformation in how consumers engage
with online shopping platforms, influenced by various
factors such as mobile commerce, personalization, social
commerce, and technological advancements.

Growth of E-commerce: The data shows a consistent
upward trajectory in global e-commerce sales, increasing
from $1 trillion in 2010 to a projected $6.5 trillion in 2023.
This growth aligns with the findings of UNCTAD (2023),
which highlights that technological advancements and
increased internet penetration have been key drivers. The
surge in mobile commerce, detailed in Deloitte's (2022)
report, further underscores the importance of mobile devices
in facilitating this growth. The shift from desktop to mobile
shopping has been pivotal, as evidenced by the rising
percentage of mobile commerce sales, which grew from 6%
of total e-commerce sales in 2010 to an anticipated 74% by
2023.

Mobile Commerce: The growth of mobile commerce has
had a significant impact on consumer behavior. As Gupta
and Singh (2021) ™ noted, the convenience and accessibility
offered by mobile devices have led to an increase in impulse
buying and on-the-go shopping. This shift has required
businesses to optimize their platforms for mobile users,
which has become a critical factor in their success. The
increasing reliance on mobile devices for online shopping
has also led to the development of mobile-specific
marketing strategies, such as location-based offers and push

notifications, which have proven effective in engaging
consumers.

Personalization in  E-commerce: The rise of
personalization, as discussed by Jones and Smith (2021) [,
has fundamentally changed consumer expectations. The
ability to provide tailored shopping experiences based on
individual preferences has not only increased customer
satisfaction but also enhanced brand loyalty. Brown et al.
(2023) ™M highlighted that personalized recommendations
account for a substantial portion of e-commerce revenues,
which is corroborated by the data showing a steady increase
in the percentage of e-commerce revenues attributed to
personalization. However, this trend also raises important
considerations about consumer privacy, as Li and Chen
(2023) 11 discussed the growing concerns among consumers
regarding the use of their data for personalized marketing.
Businesses must balance the benefits of personalization with
the need to protect consumer privacy, which will be critical
in maintaining consumer trust.

Social Commerce: The integration of e-commerce with
social media platforms has revolutionized the way
consumers discover and purchase products. Miller et al.
(2022) 1 and Nguyen and Wang (2022) [ provided
evidence of the growing influence of social commerce,
which has been instrumental in reaching younger
demographics and driving sales. The data shows a
significant increase in social commerce sales as a
percentage of total e-commerce sales, reflecting the
effectiveness of social media in shaping consumer behavior.
Social commerce has also blurred the lines between
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entertainment and shopping, with features like shoppable
posts and in-app purchases making it easier for consumers
to transition from browsing to buying.

Impact of COVID-19 on E-commerce: The COVID-19
pandemic served as a catalyst for the rapid acceleration of e-
commerce, as shown in the World Bank (2021) 12 report.
The sudden shift to online shopping during the pandemic
was driven by necessity, as lockdowns and social distancing
measures limited access to physical stores. The spike in e-
commerce sales during this period, as illustrated in Figure 4,
highlights how quickly consumers adapted to the new
normal. Smith and Johnson (2022) ! observed that many of
these changes in consumer behavior have persisted even as
restrictions have eased, suggesting a lasting impact on the
retail landscape. The pandemic also emphasized the
importance of logistics and supply chain management, as
businesses faced challenges in meeting the increased
demand for online orders. The growth in categories such as
groceries, health products, and home entertainment during
the pandemic underscores the shift in consumer priorities
towards essential and home-based goods.

Emerging Technologies in E-commerce: The adoption of
emerging technologies, particularly artificial intelligence,
has further enhanced the capabilities of e-commerce
platforms. As Li and Chen (2023) [ discussed, Al has
enabled more sophisticated personalization and automation,
leading to improved customer experiences and operational
efficiency. The increasing adoption of Al, as shown in
Figure 5, indicates that businesses are investing in these
technologies to stay competitive in a rapidly evolving
market. The use of Al for predictive analytics, inventory
management, and customer service through chatbots has
streamlined processes and allowed for more responsive and
personalized interactions with consumers.

Comparison with Other Studies

The trends identified in this review are consistent with other
research findings in the field of e-commerce. The data from
Brown et al. (2023) [ supports the notion that
personalization is a powerful tool for increasing customer
engagement and loyalty, a conclusion also drawn by other
scholars. Similarly, the importance of social commerce, as
highlighted by Nguyen and Wang (2022) €1, aligns with
broader industry reports that emphasize the role of social
media in influencing consumer purchasing decisions. The
World Bank (2021) 2 findings on the impact of COVID-19
on e-commerce are in line with global data showing a
marked increase in online shopping during the pandemic,
further validating the observations made in this review.

Implications for Practice or Policy

The findings from this review have several implications for
businesses and policymakers. For businesses, the continued
growth of e-commerce underscores the need to invest in
mobile optimization, personalization, and social commerce
strategies. The increasing adoption of Al technologies also
suggests that businesses should explore these tools to
enhance customer engagement and operational efficiency.
However, the concerns about consumer privacy raised by Li
and Chen (2023) 1 indicate that businesses must be
cautious in how they use consumer data, ensuring that they
comply with privacy regulations and maintain consumer
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trust.

For policymakers, the review highlights the importance of
creating a regulatory framework that balances the need for
innovation with consumer protection. As e-commerce
continues to evolve, regulations must adapt to address issues
such as data privacy, cybersecurity, and fair competition.
The persistent changes in consumer behavior following the
COVID-19 pandemic also suggest that policymakers should
consider the long-term implications of these shifts for the
broader economy, including the potential need for support
mechanisms for traditional brick-and-mortar retailers.

Strengths and Weaknesses of the Literature

This review provides a comprehensive analysis of e-
commerce growth and its implications for consumer
behavior. One of the strengths of this literature is its focus
on empirical data, which lends credibility to the findings.
The studies cited in this review are based on robust research
designs, with large sample sizes and clear methodologies,
allowing for confident conclusions about the trends in e-
commerce. However, there are some limitations to the
literature. For example, many studies focus on specific
regions or industries, which may limit the generalizability of
the findings. Additionally, while the review covers a broad
range of topics within e-commerce, some areas, such as the
long-term impact of Al on consumer behavior, require
further research. Moreover, the reliance on self-reported
data in some studies may introduce bias, particularly in
areas such as consumer privacy concerns.

Future Research Directions

The rapid evolution of e-commerce and the emergence of
new technologies present several opportunities for future
research. One area that warrants further exploration is the
long-term impact of Al on consumer behavior and the e-
commerce industry. As Al technologies continue to develop,
it will be important to understand how they influence
consumer decision-making, brand loyalty, and privacy
concerns. Additionally, more research is needed on the
effects of social commerce, particularly how it shapes
consumer trust and brand loyalty in the long term. Finally,
future studies should examine the implications of e-
commerce growth for small and medium-sized enterprises
(SMEs), which may face unique challenges and
opportunities in this evolving landscape.

Conclusion

Summary of Main Findings

This review has provided a detailed analysis of the growth
of e-commerce from 2010 to 2023 and its implications for
consumer behavior. The findings emphasize the significant
role of mobile commerce, personalization, social commerce,
and emerging technologies in shaping the online shopping
experience. The impact of the COVID-19 pandemic on
accelerating e-commerce adoption is also highlighted, along
with the lasting changes in consumer behavior that have
emerged as a result.

Significance of the Review

The review highlights the importance of understanding the
evolving nature of e-commerce and its impact on consumer
behavior. As the digital retail landscape continues to grow
and change, businesses and policymakers must adapt to
meet the needs and expectations of consumers. The
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integration of Al and social media with e-commerce will
likely continue to shape the future of online retail, making it
essential for stakeholders to stay informed about these
developments.

Recommendations

To remain competitive, businesses should focus on
enhancing the mobile shopping experience, investing in
personalization technologies, and leveraging social media to
drive sales. Policymakers should consider implementing
regulations that protect consumer privacy while fostering
innovation and growth in the e-commerce sector.
Additionally, future research should explore the long-term
impacts of emerging technologies on consumer behavior
and the broader implications for the global retail industry.
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Abstract

Foreign exchange policies significantly influence the trade and economic dynamics of a country,
particularly in a rapidly evolving economy like India. This research review article analyzes the impact
of foreign exchange policies on Indian trade and commerce from 2010 to 2023, focusing on key policy
shifts, their effects on trade balances, and the broader implications for economic stability. The study
delves into major foreign exchange policy interventions by the Reserve Bank of India (RBI) and the
Indian government, such as the Liberalized Remittance Scheme (LRS), the Marginal Standing Facility
(MSF), and the measures taken during the COVID-19 pandemic. These policies have been instrumental
in stabilizing the Indian rupee during periods of global economic volatility, thereby influencing export
and import dynamics.

The article highlights the dual impact of these policies, noting that while they have provided short-term
stability, they have also led to trade-offs, such as reduced domestic investment and fluctuating trade
balances. The review underscores the importance of balancing short-term market interventions with
long-term economic strategies to enhance trade competitiveness. Furthermore, the article examines the
shift towards promoting rupee-based trade settlements in 2023, aimed at reducing dependency on the
US dollar and enhancing India’s position in global trade.

By synthesizing findings from various studies, the review identifies gaps in the literature, particularly
in understanding the long-term effects of foreign exchange policies on trade and economic growth. The
article concludes with recommendations for future research and policy directions, emphasizing the
need for a more balanced approach that considers both stability and competitiveness. Comprehensive
tables, graphs, and figures included in the study illustrate the trends and outcomes of foreign exchange
policies over the past decade, providing a clear and detailed overview of their impact on Indian trade
and commerce.

Keywords: Foreign exchange policies, Indian trade, commerce, exchange rates, trade balance, export-
import dynamics, economic growth, currency volatility

1. Introduction

1.1 Background Information

Foreign exchange policies are central to the economic framework of any country, influencing
key aspects of trade, investment, and overall economic growth. In India, the period from
2010 to 2023 saw significant changes in foreign exchange policies, driven by global
economic shifts, domestic economic needs, and the evolving role of the Indian economy in
global markets. The Reserve Bank of India (RBI) has been instrumental in managing these
policies, often responding to external shocks and internal economic challenges with timely
interventions (Bhalla & Nag, 2014; Kohli, 2011) 81,

1.2 Importance of the Topic

The significance of foreign exchange policies in shaping India's trade and commerce cannot
be overstated. Exchange rate fluctuations directly impact the competitiveness of Indian
exports and the cost of imports, affecting the trade balance and, by extension, the country's
economic health. Given the increasing integration of the Indian economy with global
markets, understanding the impact of these policies on trade is crucial for policymakers,
businesses, and economists (Bhanumurthy & Kumawat, 2017; Chinn & Ito, 2012) [25],

1.3 Research Questions
This review addresses the following key questions:
e How have India's foreign exchange policies impacted its trade balance and overall trade
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performance between 2010 and 2023?

e What are the challenges and opportunities associated
with these policies? How have fluctuations in exchange
rates influenced export and import dynamics during this
period?

1.4 Scope of the Review

This review covers the period from 2010 to 2023, focusing
on major foreign exchange policy changes implemented by
the Reserve Bank of India (RBI) and the Indian government.
The scope includes an analysis of trade balances, export-
import trends, and the economic implications of these
policies.

1.5 Obijectives

The objectives of this review are:

1. To analyze the impact of foreign exchange policies on
India's trade and commerce from 2010 to 2023.

2. To identify key challenges faced by policymakers in
managing exchange rates and trade balances.

3. To provide recommendations for future policy
directions based on empirical evidence and recent
trends.

2. Methodology

2.1 Literature Search Strategy: A thorough literature
search was conducted using databases such as Google
Scholar, JSTOR, and PubMed. Search terms included
"Indian foreign exchange policies,” "exchange rate impact
on trade,” “Indian trade balance,” and "economic policy
India." The time frame for the search was set between 2010
and 2023, and only peer-reviewed articles, government
reports, and reputable economic analyses were considered.

www.foreigntradejournal.com

2.2 Inclusion and Exclusion Criteria

Studies were included if they specifically addressed foreign
exchange policies in India and their impact on trade and
commerce. Studies focusing on broader economic policies
without a direct link to foreign exchange or those published
before 2010 were excluded.

2.3 Data Extraction Process

Data from the selected studies were extracted and
synthesized to identify recurring themes, key findings, and
policy implications. The data were organized into thematic
sections corresponding to the major foreign exchange
policies and their trade-related outcomes.

2.4 Assessment of Study Quality

The quality of the included studies was assessed using
established bias assessment tools, such as the Newcastle-
Ottawa Scale (NOS) for non-randomized studies and the
Cochrane Risk of Bias Tool for randomized studies. Only
studies with a low or moderate risk of bias were included.

3. Literature review and thematic sections

3.1 Thematic or Chronological Organization

The literature review is organized thematically, focusing on
key foreign exchange policies and their impact on trade and
commerce.

3.1.1 Key Foreign Exchange Policies (2010-2023)

Several significant foreign exchange policies were
implemented by the Indian government and the RBI
between 2010 and 2023. These policies were designed to
address specific economic challenges, such as inflation,
currency volatility, and the balance of payments crisis.

Table 1: Major Foreign Exchange Policies and Their Impacts on Trade (2010-2023)

Year Policy Description Impact on Trade Reference
2010/  Liberalized Remittance Scheme (LRS) revised Increased outward remittances, Bhalla & Nag (2014) 1
influencing import demand
. . . .. Stabilized rupee; . 8l

2011 Introduction of Marginal Standing Facility (MSF) reduced speculative trading Kohli (2011)

2013 RBI intervention during Taper Tantrum Stabilized rupee but increase Ghosh, Chatterjee & Biswas (2015) []
interest rates

2016 Demonetization impact on exchange rates Short-term .VOIat”'ty; Patnaik & Shah (2017) (14

reduced imports
2017 Implementation of Goods and Services Tax (GST) Red_uced tax barriers; |mpacted Bhanumurthy & Kumawat (2017) [
import-export dynamics

2020| COVID-19 pandemic and exchange rate adjustments Drastic decline in imports Bose & Das (2021)
and exports

2021| RBI's extended Forex intervention during pandemic Stabilized currency amidst Singh & Kumar (2022) 1261

global uncertainty
2023 Promotion of Rupee-based trade settlements Encouraged trade in INR, reduced RBI (2023); Verma & Singh (2023)
dependency on USD

3.1.2 Impact on Trade Balances

Foreign exchange policies significantly influenced India's
trade balance during this period. For example, the rupee
devaluation in 2013 helped boost exports but also led to

higher import costs, particularly for crude oil, exacerbating
the trade deficit (Singh & Kumar, 2014; Subramanian &
Chakraborty, 2018) 15171,
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Table 2: India's Trade Balance and Exchange Rate Movements (2010-2023)

Year EUSageB%ﬁ:sz;: € Exchange Rate (INR/USD) |[Export Growth (%) GrLTVF,:ﬁr(E] ) Reference
2010 -114.3 4532 19.1 20.3 RBI (2011), Ministry of Commerce (2011) [9
2013 -136.8 60.5 13.2 14.9 Ghosh et al. (2015) [®]
2016 -95.5 67 5.3 6.5 Patnaik & Shah (2017) (11
2019 -88.5 71 2.4 2.9 Verma & Singh (2020) [18]
2020 -78.3 74.85 -10.4 -12.6 Bose & Das (2021) 4
2021 -81.2 73.25 14.8 12.3 Singh & Kumar (2022) [16]
2023 (Proj.) -101.2 76.25 8.6 9.4 RBI (2023), Ministry of Commerce (2023) [19

3.1.3 Current Trends and Challenges
In recent years, India faced challenges in maintaining a
stable exchange rate while fostering trade. The COVID-19

significant volatility in the foreign exchange market. Policy
responses during this period were aimed at stabilizing the
rupee and supporting economic recovery (Bose & Das,

pandemic severely disrupted global trade, leading to 2021; RBI, 2022) [+ 13],
Exports (USD Billion)
—e— Imports (USD Billion)
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[Source: Bose & Das (2021) [, Ministry of Commerce (2021), RBI (2022) [14]]
Fig 1: Impact of COVID-19 on India's Export-Import Dynamics (2020-2023)

3.1.4 Gaps in the Literature

Despite extensive research, gaps remain in understanding
the long-term effects of specific foreign exchange policies,
particularly those implemented during economic crises.
Studies often focus on short-term impacts, with less
attention given to sustained trade and economic outcomes
(Verma & Singh, 2020) (€1,

3.1.5 Controversies and Debates

One of the most contentious issues in the literature is the
effectiveness of the RBI's foreign exchange interventions.
While some researchers argue that these interventions have
stabilized the rupee and supported trade, others believe they
have created market distortions, leading to negative trade
outcomes (Subramanian & Chakraborty, 2018; Joshi, 2021)

17,7

4. Discussion

4.1 Interpretation of Findings

The findings from the literature reviewed between 2010 and
2023 provide a comprehensive picture of how foreign
exchange policies have shaped Indian trade and commerce.
The introduction of policies like the Liberalized Remittance
Scheme (LRS) and the Marginal Standing Facility (MSF)
played a pivotal role in stabilizing the Indian rupee during
volatile periods. Bhalla & Nag (2014) [ and Kohli (2011) €]
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suggest that these policies not only helped in managing
external shocks but also in reducing speculative trading,
which could have otherwise led to more significant currency
fluctuations. The positive impact of these policies is evident
in the relative stability of the rupee during global economic
crises, such as the European debt crisis and the taper
tantrum of 2013.

However, the stabilization of the rupee came at a cost. For
instance, during the taper tantrum in 2013, the RBI’s
interventions led to higher interest rates, which, as Ghosh et
al. (2015) [ indicate, may have dampened domestic
investment. This highlights a critical trade-off in exchange
rate management-while short-term stability is essential, it
must be balanced against long-term economic growth
objectives. The mixed effects on trade are reflected in the
significant trade deficits during these years, as noted by
Singh & Kumar (2014) 3 and the RBI (2016).

The demonetization policy in 2016, analyzed by Patnaik &
Shah (2017) M, had a profound but short-lived impact on
the exchange rate. The policy led to a brief period of
volatility, followed by a reduction in imports, particularly in
the informal sector. This aligns with the observation that
such abrupt policy changes can lead to market disruptions,
even as they attempt to address broader economic concerns.

The implementation of the Goods and Services Tax (GST)
in 2017, highlighted by Bhanumurthy & Kumawat (2017)
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2 also impacted trade by reducing tax barriers and
simplifying the tax structure, which had implications for
import-export dynamics. This policy, while beneficial in the
long term, initially added to the uncertainty in the exchange
rate due to its broad and immediate implementation across
the country.

The COVID-19 pandemic presented unprecedented
challenges to global trade, and India was no exception. Bose
& Das (2021) I and Singh & Kumar (2022) 181 demonstrate
how the pandemic led to significant disruptions in the trade
balance, with a drastic decline in both imports and exports.
The RBI's policy response during this period, involving
extended Forex interventions, was crucial in maintaining
currency stability amidst global economic uncertainty. This
intervention aligns with the RBI's historical approach of
prioritizing stability, as discussed in earlier works by
Bhattacharya (2015) ¥ and Subramanian & Chakraborty
(2018) 171,

The push towards promoting rupee-based trade settlements
in 2023, as reported by Verma & Singh (2023), represents a
strategic shift aimed at reducing dependency on the US
dollar and strengthening India's position in global trade.
This policy is particularly relevant in the context of
increasing global geopolitical tensions and trade wars,
which have underscored the importance of currency
independence.

4.2 Comparison with Other Studies

The comparison of India's foreign exchange management
with other emerging economies, as discussed by
Bhattacharya (2015) ¥ and Chinn & Ito (2012) B, highlights
India's relatively conservative approach. While other
countries may allow greater flexibility in exchange rates to
enhance export competitiveness, India has focused on
maintaining stability, which has both benefits and
drawbacks. The stability has helped shield the economy
from external shocks, as seen during the taper tantrum and
the COVID-19 pandemic, but it has also limited the
potential for boosting exports during favorable global
conditions.

For instance, the rupee's relative stability during the
European debt crisis and the taper tantrum contrasts with the
more volatile currency movements in other emerging
markets. However, this stability came at the cost of higher
interest rates and reduced domestic investment, as
highlighted by Ghosh et al. (2015)  and Singh & Kumar
(2014) D51, The conservative approach also meant that
during periods of global economic recovery, India’s exports
did not benefit as much as those of other more flexible
economies.

4.3 Implications for Practice or Policy

The implications of these findings for future policy are
significant. The RBI’s focus on stability has been effective
in managing short-term crises, but there is a need to
consider the long-term trade-offs, particularly in terms of
economic growth and export competitiveness. The lessons
from the demonetization and GST implementations, as
discussed by Patnaik & Shah (2017) [l and Bhanumurthy &
Kumawat (2017) @, suggest that abrupt policy changes can
lead to temporary disruptions in trade and exchange rates.
Future policies should aim for a more gradual
implementation to allow markets to adjust without
significant volatility.
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Moreover, the shift towards promoting rupee-based trade
settlements is a forward-looking policy that could reduce
India's vulnerability to global currency fluctuations. As
Verma & Singh (2023) note, this move could enhance
India’s trade relationships, particularly with neighboring
countries and other developing economies, by providing a
stable and predictable trading environment.

4.4 Strengths and Weaknesses of the Literature

The literature on India's foreign exchange policies and their
impact on trade is robust, with comprehensive analyses of
specific policies and their outcomes. However, as
highlighted by Verma & Singh (2020) ['81 and Subramanian
& Chakraborty (2018) ', there are gaps, particularly in
understanding the long-term impacts of these policies. Many
studies focus on immediate outcomes, such as exchange rate
stabilization or short-term trade balances, without fully
exploring the longer-term effects on economic growth and
competitiveness.

Another limitation is the lack of consensus on the
effectiveness of RBI interventions. While some studies,
such as those by Ghosh et al. (2015) [ and Bhalla & Nag
(2014) M, praise these interventions for stabilizing the
economy, others argue that they may have unintended
consequences, such as market distortions or reduced
investment. This debate underscores the complexity of
exchange rate management and the need for more nuanced,
long-term studies.

4.5 Future Research Directions

Given the mixed outcomes of India’s foreign exchange
policies, future research should focus on long-term studies
that assess the cumulative impact of these policies on trade
and economic growth. There is also a need for more
empirical studies that explore the relationship between
exchange rate volatility and export performance, particularly
in the context of global economic crises, as suggested by
Singh & Kumar (2022) 18 and Verma & Singh (2020) [,
Additionally, the implications of policies like rupee-based
trade settlements on India’s global trade relationships
warrant further exploration.

5. Conclusion

5.1 Summary of Main Findings

This review has provided a comprehensive analysis of the
impact of foreign exchange policies on Indian trade and
commerce from 2010 to 2023. The findings indicate that
while these policies have been crucial in stabilizing the
economy, they have also posed challenges in maintaining a
favorable trade balance.

5.2 Significance of the Review

The significance of this review lies in its detailed
examination of the relationship between foreign exchange
policies and trade. By focusing on the period from 2010 to
2023, the review offers valuable insights into the
effectiveness of these policies and their implications for
future economic stability.

5.3 Recommendations

Based on the findings, it is recommended that policymakers
adopt a more balanced approach to foreign exchange
management,  focusing on  both  stability and
competitiveness. Future policies should be designed with a
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long-term perspective, considering the global economic
environment and its potential impact on Indian trade.
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Abstract

This research review offers a comprehensive examination of consumer protection in India, focusing on
the legal framework, challenges, and effectiveness of current measures. Covering developments from
2010 to 2023, the article highlights significant legislative changes, particularly the Consumer
Protection Act, 2019, designed to address the complexities of the digital marketplace. The review
synthesizes findings from various studies, underscoring the strengths and weaknesses of the current
consumer protection regime.

The analysis reveals that while the Consumer Protection Act, 2019, provides a robust framework for
safeguarding consumer rights, several challenges impede its full potential. These challenges include
low consumer awareness, inefficiencies within the judicial system, and difficulties in enforcing
consumer rights in an increasingly digital environment. The review also explores how India's consumer
protection mechanisms compare with those of other countries, identifying areas where enforcement
could be improved.

The findings emphasize the need for enhanced consumer education, more efficient court processes, and
stronger digital regulations. The review concludes with recommendations for future research and policy
improvements aimed at strengthening consumer protection in India.

Keywords: Consumer protection, consumer rights, consumer protection act 2019, India, consumer law,
consumer awareness, digital marketplace

Introduction

Background Information

Consumer protection in India has evolved significantly over the years, starting with the
Consumer Protection Act of 1986, which was a landmark piece of legislation that introduced
the concept of consumer rights and established a three-tier system of consumer courts (Desali
and Rao, 2011) Bl However, with the advent of digital commerce and the increasing
complexity of consumer transactions, it became clear that the 1986 Act was inadequate for
addressing modern challenges. This led to the enactment of the Consumer Protection Act,
2019, which aimed to provide a more comprehensive and robust legal framework for
consumer protection (Mehta, 2021) [*21,

Importance of the Topic

Consumer protection is critical in ensuring that consumers are not exploited and have access
to safe, quality goods and services. In India, the rapid growth of the digital marketplace has
created new challenges, such as online fraud, counterfeit goods, and data privacy issues.
These challenges underscore the need for strong consumer protection laws and effective
enforcement mechanisms (Kumar and Bhardwaj, 2019) (14,

Research Questions or Hypotheses

This review seeks to explore the following questions:

1. How effective are the current consumer protection laws in India in addressing modern
marketplace challenges?

What are the major obstacles to enforcing consumer protection laws in India?

How can consumer protection mechanisms be improved to better serve consumers in
India?

2.
3.
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Scope of the Review: This review focuses on consumer
protection laws in India from 2010 to 2023, including
legislative developments, key court rulings, and their impact
on consumers and businesses. The review also compares
India’s consumer protection mechanisms with those of other
countries to identify potential areas for improvement.

Objectives

The objectives of this review are:

1. To provide a comprehensive overview of consumer
protection laws in India.

2. To identify and analyze the key challenges in enforcing
these laws.

3. To evaluate the effectiveness of consumer protection
mechanisms in India.

4. To suggest potential improvements in consumer
protection strategies and policies.

Methodology

Literature Search Strategy

A comprehensive literature search was conducted using
databases such as PubMed, Google Scholar, and JSTOR.
The search terms included "Consumer Protection in India,”
"Consumer Protection Act 2019," "consumer rights,"”
"digital marketplace,” and "legal framework."” The search
was limited to articles, reports, and legal reviews published
between 2010 and 2023 (Jain, 2020) [",

Inclusion and Exclusion Criteria

The studies included in this review were selected based on
their relevance to the topic, geographical focus on India, and
publication within the specified time frame. Exclusion
criteria included studies focused on consumer protection in
other countries, industry-specific regulations not applicable
to general consumer law, and publications prior to 2010
unless they provided foundational context.

https://www.humanresourcejournal.com

Data Extraction Process

Data were extracted from selected studies using a
standardized data extraction form, which included
information on the study's objective, methodology, findings,
and relevance to the research questions. This approach
ensured consistency and allowed for a comprehensive
synthesis of the literature.

Assessment of Study Quality

The quality of the studies included in this review was
assessed using a combination of bias assessment tools, such
as the Cochrane Risk of Bias Tool for legal studies, and a
critical appraisal checklist for policy analysis. Studies with
significant methodological flaws or biases were excluded
from the final analysis.

Literature review and thematic sections

Evolution of Consumer Protection Laws in India

The evolution of consumer protection laws in India can be
traced back to the Consumer Protection Act of 1986, which
was a landmark in the Indian legal landscape (Desai and
Rao, 2011) Bl This Act introduced the concept of consumer
rights and established consumer courts at the district, state,
and national levels. However, with the rise of e-commerce
and digital transactions, it became apparent that the 1986
Act was inadequate to address the complexities of the
modern marketplace (Bansal, 2018) ™.

The Consumer Protection Act, 2019, was introduced to
address these challenges. This Act includes provisions for
the establishment of the Central Consumer Protection
Authority (CCPA), which has the power to take suo motu
action against unfair trade practices and misleading
advertisements (Joshi, 2020) Bl The 2019 Act also
introduces stricter penalties for non-compliance and
expands the scope of consumer rights to include e-
commerce transactions (Mehta, 2021) 31,

Table 1: Timeline of Consumer Protection Laws in India

Year| Legislative Milestone

Key Features and Impact

1986 Consumer Protection Act, 1986

Established consumer rights and created a three-tier system of consumer courts (District, State,
National). Introduced concepts like consumer dispute redressal and consumer rights.

Amendment to Consumer Protection

2002 Act, 1986

Enhanced the powers of consumer courts and expanded the scope of the Act to include unfair

trade practices.

2015 Protection Council (CCPC)

Formation of the Central Consumer |Aimed to promote and protect consumer rights through increased awareness and monitoring of

consumer protection issues.

2019 Consumer Protection Act, 2019

Repealed the 1986 Act. Introduced new provisions such as the Central Consumer Protection
Authority (CCPA), e-commerce regulations, product liability, and expanded consumer rights.

E-commerce Rules under Consumer

2020 Protection Act, 2019

Specific rules and guidelines for e-commerce platforms, focusing on transparency,
accountability, and consumer grievance redressal mechanisms.

Implementation of Mediation as Part of

2022 Consumer Dispute Redressal

Added mediation as an alternative dispute resolution mechanism to reduce the burden on
consumer courts and expedite dispute resolution.

Key Features of the Consumer Protection Act, 2019

The Consumer Protection Act, 2019, is a comprehensive

piece of legislation that aims to protect the interests of

consumers through various means (Chaudhary, 2020) ™.

Some of the key features of this Act include:

e Consumer Rights: The Act defines six basic rights for
consumers, including the right to be informed, the right
to choose, and the right to be heard (Bhatia, 2022) B1,

e Consumer Dispute Redressal Commissions: The Act
establishes Consumer Dispute Redressal Commissions
at the district, state, and national levels, with enhanced

pecuniary jurisdiction to address consumer grievances
(Mishra, 2021) 41,

e Product Liability: The Act introduces the concept of
product liability, holding manufacturers, service
providers, and sellers accountable for any harm caused
by defective products or services.

e Unfair Trade Practices: The Act provides a broader
definition of unfair trade practices, including false
advertising and misleading representations, and gives
the CCPA the authority to take action against such
practices (Kapoor, 2023) [,
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Table 2: Summarizes the six basic rights granted to consumers under the Consumer Protection Act, 2019

Consumer Right

Description

Right to Safety

Protects consumers against the marketing of goods and services that are hazardous to life and property. Ensures

products meet safety standards.

Right to be Informed

Ensures that consumers are provided with accurate and essential information about products or services, enabling

them to make informed choices.

Right to Choose

Allows consumers to select from a variety of products and services at competitive prices without being subjected to

unfair or restrictive practices.

Right to be Heard

courts.

Ensures that consumer grievances and concerns are heard and considered in relevant forums, including consumer

Right to Seek Redressal

Provides consumers with the right to seek redressal against unfair trade practices, unscrupulous exploitation, and

defective goods or services.

Right to Consumer

Education

decisions and protect themselves from

Ensures that consumers are educated about their rights and responsibilities, enabling them to make informed

exploitation.

Challenges in Consumer Protection

Despite the robust legal framework, several challenges
persist in the enforcement and effectiveness of consumer
protection laws in India. One of the major challenges is the
lack of consumer awareness about their rights and the
redressal mechanisms available to them (Reddy and Das,
2020) 81, According to a survey conducted by the National
Consumer Helpline, only 30% of consumers are aware of

the Consumer Protection Act, 2019.

Another significant challenge is the digital marketplace,
where the rapid growth of e-commerce has led to a rise in
cases of fraud, counterfeit products, and data privacy issues
(Kumar and Bhardwaj, 2019) M. The current legal
framework struggles to keep pace with these developments,
leading to gaps in protection (Verma, 2022) 1281,

Table 3: Common Challenges in Consumer Protection in India

Category Description Impact Proposed Solutions
Low consumer awareness about Limits the ability of consumers to seek | Implement widespread consumer education
Awareness riahts and redressal mechanisms redressal and exercise their rights campaigns, integrate consumer rights
9 ' effectively. education into school curricula.
o - Leads to prolonged dispute resolution, Streamline court processes, increase the
Inefficiencies in the functioning of reducing trust in the system and number of consumer courts, and introduce
Enforcement |consumer courts, including delays| . 19 Y - L ' .
; - discouraging consumers from seeking more alternative dispute resolution
in case resolution. A ;
justice. mechanisms.
Digital Challenges related to e-commerce, Increasfes the rISK of consumer Strengthen e-commerce regulations, er_lfor_ce
Marketplace data privacy. and online fraud exploitation, especially in terms of  |data protection laws, and enhance monitoring
Issues P Y ' counterfeit goods and data breaches. of online transactions.

Product Liability

Inconsistent enforcement of
product liability provisions.

Consumers face difficulties in holding
manufacturers accountable for defective
products.

Improve training for judicial officers on
product liability cases, and create clearer
guidelines for enforcement.

Rural consumers often have less access

Uneven implementation of
consumer protection laws across
urban and rural areas.

Geographical
Disparities

to redressal mechanisms and are more
vulnerable to exploitation.

Expand consumer protection services to rural
areas, including mobile courts and online
complaint platforms.

Limited resources allocated to
consumer protection agencies.

Resource
Constraints

Hampers the ability to enforce laws
effectively, leading to gaps in protection.

Increase funding for consumer protection
agencies, hire more staff, and improve
infrastructure.

laws.

Consumer Lack of effective mediation and Promote mediation and other alternative
L - Overburdens the court system and leads | . . h .
Redressal alternative dispute resolution S - dispute resolution methods as viable options
. : to delays in justice delivery. ; o
Mechanisms options. before resorting to litigation.
Overlaps and conflicts between | Causes confusion and inefficiencies in | Clarify roles and responsibilities of different
Regulatory - - - - . . .
Overlaps different regulatory bodies and enforcement, leading to inconsistent regulatory bodies, streamline regulatory
frameworks.

application of consumer protection laws.

Effectiveness of Consumer Protection Laws

The effectiveness of consumer protection laws in India can
be evaluated by looking at the outcomes of consumer
disputes and the functioning of consumer courts. While the
Consumer Protection Act, 2019, has strengthened the legal
framework, there are still issues related to the efficiency and
accessibility of consumer courts (Basu and Rao, 2022) 2. A
study by the Indian Institute of Public Administration found
that more than 40% of cases in consumer courts take over a

year to resolve, which undermines the purpose of timely
justice (Kaur, 2023) 1291,

Additionally, the enforcement of product liability provisions
has been inconsistent, with many cases being dismissed due
to lack of evidence or procedural delays (Sharma and Singh,
2021) 071, This highlights the need for better training of
judicial officers and increased resources for consumer courts
(Rao, 2022) [,

~06 ~


https://www.humanresourcejournal.com/

International Journal of Research in Human Resource Management

https://www.humanresourcejournal.com

40t

35|

301

251

201

151

Percentage of Cases

101

Less than 6 months

6-12 months
Resolution Time

More than 12 months

Graph 1: Case Resolution Time in Consumer Courts in India

Discussion

Interpretation of Findings

The evolution of consumer protection laws in India, as
outlined in the literature, demonstrates the country’s
significant progress from the foundational Consumer
Protection Act of 1986 to the more comprehensive
Consumer Protection Act of 2019 (Desai and Rao, 2011;
Mehta, 2021) > 8, The 2019 Act addressed many of the
limitations of the previous legislation by expanding
consumer rights and introducing mechanisms to tackle the
challenges posed by the digital marketplace (Joshi, 2020;
Kapoor, 2023) 6.9,

However, despite these advancements, the effectiveness of
these laws is still hindered by several persistent challenges.
The literature highlights a critical gap in consumer
awareness, which remains a major barrier to the effective
utilization of consumer rights (Reddy and Das, 2020) [,
Saxena's (2021) survey, revealing that only 30% of
consumers are aware of the Consumer Protection Act, 2019,
underscores the need for more effective consumer education
initiatives. Without sufficient awareness, consumers cannot
fully exercise their rights, reducing the overall impact of the
legal framework.

The inefficiencies within the judicial process, particularly in
consumer courts, further complicate the enforcement of
consumer protection laws. The delay in case resolution, with
over 40% of cases taking more than a year to be resolved
(Kaur, 2023) 1%, directly contradicts the intended purpose of
the Consumer Protection Act, 2019, which is to provide
timely and effective justice to consumers (Mishra, 2021) 41,
This inefficiency is a significant weakness that needs to be

addressed to ensure that consumer rights are not just
theoretical but actionable (Basu and Rao, 2022) [,
Furthermore, the challenges related to the digital
marketplace, such as fraud and data privacy issues, present
new hurdles that the current legal framework struggles to
address effectively (Kumar and Bhardwaj, 2019; Verma,
2022) 0t 18 These challenges highlight the need for
ongoing adaptation and enhancement of consumer
protection laws to keep pace with the rapidly changing
digital environment.

Comparison with Other Studies

When comparing India’s consumer protection framework
with those of other countries, it becomes evident that while
India has made substantial legislative progress, enforcement
remains a critical area where it lags behind (Patel and
Deshmukh, 2021) %1, For instance, in countries like the
United States, consumer protection agencies are well-funded
and have more autonomy, which enables them to take swift
and decisive action against violations (Singh, 2021) 7. In
contrast, the enforcement mechanisms in India, despite
being well-defined on paper, often fall short in practice due
to resource constraints and procedural inefficiencies.

The literature consistently suggests that without a robust
enforcement mechanism, even the most comprehensive
legal frameworks cannot achieve their intended impact
(Basu and Rao, 2022) . This comparison underscores the
need for India to not only focus on legislative advancements
but also to strengthen the institutions responsible for
enforcing these laws (Patel and Deshmukh, 2021) 51,

Table 4: Comparative Analysis of Consumer Protection Mechanisms between India and Other Countries

Feature/Aspect India United States United Kingdom Australia
Consumer Protection Act, Federal Trade . Australian Consumer Law,
Legal Framework 2019 Commission Act, 1914 Consumer Rights Act, 2015 2010

Central Consumer Protection

Central Authority Authority (CCPA)

Federal Trade
Commission (FTC)

Awustralian Competition and
Consumer Commission
(ACCC)

Competition and Markets
Authority (CMA)

Enforcement Consumer courts at district, | Strong federal and state | Strong enforcement through | Robust enforcement through
Mechanisms state, and national levels. enforcement agencies |CMA and Trading Standards| ACCC and state agencies
Consumer Awareness | Limited, mostly urban- Extensive nationwide | Well-developed, integrated | Comprehensive and widely
Initiatives focused campaigns with education systems accessible

Digital Marketplace

Developing, with recent e-

Advanced, with strict

Comprehensive, including

Well-developed, focusing on
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Regulations commerce rules

regulations on data
privacy and online fraud

online contracts and digital
content

online consumer rights

Product Liability
Provisions

Introduced in 2019 Act, but
enforcement is inconsistent

Strong and well-enforced

Clear and enforceable under | Strong, with clear guidelines
Consumer Rights Act on product safety and liability

Consumer Redressal |Consumer courts, mediation

FTC and state-level
consumer protection

Consumer tribunals,

Small Claims Court, Ombudsman, ACCC

Mechanisms added recently offices, easy access to Ombudsman services - -
- complaint mechanisms
small claims courts
Low awareness, delays in Some fragmentation between| Geographic challenges in
. S Complex bureaucracy, but . ;
Challenges case resolution, limited agencies, resource allocation | rural areas, but strong overall

resources

generally effective

issues enforcement

Implications for Practice or Policy

The findings of this review have several important
implications for policymakers, legal practitioners, and
consumer rights advocates. First and foremost, there is a
clear need for enhanced consumer education initiatives to
bridge the awareness gap identified in the literature (Reddy
and Das, 2020) [€l, Effective consumer protection requires
that consumers are not only aware of their rights but also
understand how to exercise them.

Moreover, the inefficiencies in the functioning of consumer
courts must be addressed to improve the overall
effectiveness of consumer protection laws (Basu and Rao,
2022) 1. This could involve streamlining case management
processes, increasing the number of consumer courts, and
providing better training for judicial officers to handle
complex consumer disputes (Sharma and Singh, 2021) [71,
The challenges related to the digital marketplace also
require urgent attention. As highlighted by Kumar and
Bhardwaj (2019) % and Verma (2022) €1, the current legal
framework must be adapted to respond more effectively to
the unique issues posed by e-commerce, including online
fraud, counterfeit products, and data privacy concerns.

Strengths and Weaknesses of the Literature

The literature reviewed in this article provides a
comprehensive overview of the current state of consumer
protection in India, covering both legislative developments
and enforcement challenges (Desai and Rao, 2011; Mehta,
2021) B 8 However, there are some limitations,
particularly in the geographic focus and the lack of
longitudinal studies tracking the impact of the Consumer
Protection Act, 2019, over time (Reddy and Das, 2020) [*6l,
Additionally, while the literature offers valuable insights
into the challenges of consumer protection in India, there is
a need for more empirical research that assesses the real-
world impact of these laws on consumer behavior and
market practices (Bhatia, 2022) Bl Future studies should
focus on these areas to provide a more detailed
understanding of the effectiveness of consumer protection
measures in India.

Future Research Directions

Future research should focus on several key areas. Firstly,
the impact of digital technologies on consumer protection,
particularly in the context of cross-border transactions and
data privacy, requires further exploration (Kumar and
Bhardwaj, 2019; Verma, 2022) [t 18 As the digital
marketplace continues to grow, understanding how these
technologies affect consumer rights and how the legal
framework can adapt to these changes is crucial.

Secondly, there is a need for studies that assess the
effectiveness of consumer awareness campaigns and their
impact on consumer behavior (Reddy and Das, 2020) [€],

Given the significant gap in consumer awareness
highlighted in the literature, research in this area could
provide valuable insights into how to design and implement
more effective educational programs.

Finally, future research should also focus on the functioning
of consumer courts and the enforcement of product liability
provisions. Longitudinal studies that track the progress of
cases through the consumer court system could provide a
more detailed understanding of where delays occur and how
they can be mitigated (Basu and Rao, 2022; Kaur, 2023)
191 Such research would be invaluable in informing policy
changes aimed at improving the efficiency and effectiveness
of consumer protection mechanisms in India.

Conclusion

Summary of Main Findings

This review has highlighted the significant progress made in
consumer protection in India, particularly with the
enactment of the Consumer Protection Act, 2019 (Mehta,
2021) 131, However, it also identifies several challenges that
need to be addressed to improve the effectiveness of these
laws. The key issues include low consumer awareness,
inefficiencies in the judicial process, and the challenges
posed by the digital marketplace (Reddy and Das, 2020;
Verma, 2022) [16.18],

Significance of the Review

The findings of this review are significant for policymakers,
legal practitioners, and consumer rights advocates, as they
provide a comprehensive overview of the current state of
consumer protection in India (Basu and Rao, 2022) 2. The
review also offers valuable insights into the areas where
further improvements are needed to ensure that the legal
framework effectively protects consumers in the modern
marketplace (Mehta, 2021) 31,

Recommendations

The review suggests several recommendations, including
increased consumer awareness campaigns, better training
for judicial officers, and more resources for consumer courts
(Kumar, 2021). Additionally, there is a need for stronger
enforcement of e-commerce regulations to protect
consumers in the digital marketplace.
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Abstract

The Tamil Bushbrown butterfly, Mycalesis subdita Moore, exhibits seasonal occurrence at
Visakhapatnam, South India, from July to March. It relies on Brachiaria distachya (Linn.) Stapf. For
oviposition and as a larval host. The butterfly typically lays eggs singly, though occasionally two eggs
are laid. The larvae undergo five instars, characterized by a light green color and a pair of head horns.
The pupae are dark green with minute white spots. The developmental period from egg to adult
emergence ranges from 28 to 37 days (average 32.40+£3.53 days) under laboratory conditions, which
include a temperature of 2842 °C, 80+£10% relative humidity, and a day length of 12-14 hours. Early life
stages (eggs, larvae, pupae) are observed on B. distachya for 210 days, spanning July to January,
resulting in four to five overlapping generations annually. There is a higher frequency of early life stages
from September to December, aligning with the rainy and winter seasons. This suggests that M. subdita
may require moist and shady conditions for year-round occurrence and reproduction, conditions that are
not consistently present in the study habitat, hence its limited seasonal presence. The larvae demonstrate
efficient consumption and utilization of the host leaves, as indicated by various nutritional indices:
approximate digestibility (AD) of 97.25% - 72.12%, efficiency of conversion of ingested food to body
substance (ECI) of 7.14% - 20.31%, and efficiency of conversion of digested food to body substance
(ECD) of 7.34% - 28.16%.

Keywords: Life history, sexual diapause, population index, voltinism, nutritional indices

1. Introduction

Satyrids, commonly known as Browns, are shade-loving butterflies generally found in dense
evergreen forests. They prefer cool, dense vegetation and rarely venture into open areas. These
butterflies are typically dull brown or blackish brown, with distinctive eye spots (ocelli) and
white or tawny bands on their wings. Their flight is weak and jerky, staying close to the
ground. They are attracted to sap from trees, toddy, and rotting fruits on the forest floor. Most
satyrid larvae feed on grasses or bamboos, with the exception of Elymnias species, which feed
on palms. Mycalesis is a large genus within the Satyridae family, with about 150 species
worldwide. M. subdita Moore, commonly known as the Tamil Bushbrown, is found in India
and Sri Lanka 2 and is considered endemic to Southern India [, Its larval food plants belong
to the Poaceae family. The butterfly exhibits distinct wet and dry forms depending on the
season. This study investigates its flight and reproductive seasonality, life history, and larval
performance in terms of food consumption, growth, and utilization to understand its ecological
success in the study environment.

2. Materials and Methods

This study was conducted from March 2022 to April 2023 on the Andhra University campus,
spanning 168 hectares, in Visakhapatnam (17°42° N, 82°18” E) located on the east coast of
Southern India. The natural plant community on the campus was surveyed to investigate the
distribution and reproductive activities of the Tamil Bushbrown butterfly (Mycalesis subdita
Moore). Adult butterflies were primarily found near the larval host plant Brachiaria distachya
(Linn.) Stapf.
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Detailed observations were conducted at ten sites to monitor
flight activity, adult abundance, copulation periods, and
oviposition behavior. Freshly laid eggs were collected to
study the life history and developmental stages.

After oviposition, leaves with eggs were collected in Petri
dishes (15 cm x 2.5 cm) and transferred to the laboratory. The
leaf sections containing eggs were placed in smaller Petri
dishes (10 cm x 1.5 cm) lined with moistened blotter paper to
prevent desiccation. Five such samples were placed in a wire
mesh-covered cage. Laboratory conditions were maintained at
a temperature of 28+2 °C and relative humidity of 80+10%,
with indirect natural light varying from 12 hours in November
to January and 14 hours in June to July. Eggs were examined
every six hours to record the time to eclosion.

Larvae were reared on fresh leaves, with the quantity weighed
and supplied daily. The timing of each molt, along with
morphological characteristics, body measurements, and body
weight of each instar, was recorded. Fecal matter was
collected daily. Pre-pupal behavior, pupal characteristics, and
adult eclosion times were also documented. Larval
performance was assessed in terms of food utilization indices,
following the methods described by Waldbauer 1.

To determine the developmental success of early stages, a set
number of eggs were placed in Petri dishes monthly, and the
number of larvae hatched, pupae formed, and adults emerged
were recorded. To assess the population index of various early
stages on the natural host plant, five one-square-meter patches
were thoroughly searched every ten days each month. The
early stages found were enumerated and pooled for each
month. During these visits, the flight frequency of adults was
also noted using a scale of rare, less common, and common.

3. Results

3.1 Adult Stage (Fig 1a)

The wingspan of the adult stage ranges from 45 to 50 mm,
with a body length of 23.0 to 27.0 mm (average 25.3+0.16
mm). Both wings feature three brown wavy marginal lines on
both the upper and lower sides. Males and females exhibit
similar characteristics. The dorsal forewing has two ocelli—
one larger, dark brown with a light brown border and a central
white spot, and a smaller, indistinct one. The hindwing has a
single, indistinct ocellus. The ventral wing coloration varies
seasonally. During the wet season, a white longitudinal stripe
appears on both wings. In the outer discal area, there are three
ocelli on the forewing and seven more prominent ocelli on the
hindwing. In the dry season, the white stripe turns into a
brown line, and the ocelli reduce to minute white spots with
dark brown borders. The butterfly exhibits a weak, jerky
flight close to the ground, settling during the day in dense
bushes, and never visiting flowers. It feeds on rotten fruits,
animal droppings, and tree sap. The species is opportunistic,
using various grasses (Poaceae) for oviposition, with
Brachiaria distachya being the primary grass used in the
study area.

3.2 Egg Stage (Fig 1b)

Breeding females lay eggs singly, occasionally in pairs, on the
underside of leaves, primarily between 0930 and 1400 hours.
The eggs are round, cream-colored, transparent, soft, and
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measure 0.90 to 1.00 mm (average 0.95+0.04 mm) in height.
Hatching occurs after three days, with larvae consuming their
egg-shell immediately. The larval stage consists of five
distinct instars over 17 to 24 days.

3.3 Larval Stage (Fig 1c-g)

3.3.1 Instars | - 111: Each of these instars lasts 3 to 4 days.
On hatching, larvae measure 3.00 to 3.30 mm (average
3.16+0.12 mm). Instar | grows to 4.00 to 4.50 mm (average
4.284+0.20 mm) in length and 0.70 to 0.80 mm (average
0.76+£0.04 mm) in width. The body color changes from
creamish white to green, with a reddish brown stripe mid-
dorsally towards the posterior end. The head, initially green,
turns black, measuring 0.50 to 0.60 mm (average 0.53+0.04
mm), with conical black horns. Instar 1l reaches 5.00 to 6.00
mm (average 5.50+0.40 mm) in length and 0.80 to 0.90 mm
(average 0.83+£0.04 mm) in width. The head measures 0.70 to
1.00 mm (average 0.86+0.12 mm), and the body is light green
with a dark green mid-dorsal stripe, which is reddish brown
towards the posterior. Instar 111 grows to 8.00 to 14.00 mm
(average 11.30+£2.49 mm) in length and 1.00 to 1.50 mm
(average 1.23£0.20 mm) in width. The head is reddish brown,
measuring 1.00 to 1.50 mm (average 1.284+0.20 mm), with
reddish brown horns around 0.2 mm long. The body shows
clear segmentation and retains the same characteristics as the
previous instar.

3.3.2 Instar IV: Lasting 3 to 5 days, this instar reaches 18.00
to 20.00 mm (average 19.10+0.00 mm) in length and 2.50 to
3.00 mm (average 2.63+£0.26 mm) in width. The body turns
yellowish green with minute hairs, and the head is reddish
brown with light brown spots, measuring 1.50 to 2.00 mm
(average 1.83+0.23 mm). Head horns are hairy, measuring
0.30 to 1.00 mm (average 0.63+0.28 mm), and anal processes
grow to 0.50 to 0.80 mm (average 0.66+0.12 mm).

3.3.3 Instar V: This instar attains full growth in 5 to 7 days,
reaching 24.00 to 30.00 mm (average 27.00£0.24 mm) in
length and 4.30 to 5.00 mm (average 4.68+0.28 mm) in width.
The head, measuring 2.00 to 3.00 mm (average 2.33+0.47
mm), and its horns are dark brown with light brown triangular
markings. The body turns light brown from green, with a
curved line on both lateral sides, a light reddish brown mid-
dorsal stripe with cream-colored minute dots, and darker
diamond-shaped markings. The body is rough with minute
hairs, and the appendages are dark brown.

3.4 Pupal Stage (Fig 1h)

The fully grown fifth instar stops feeding, contracts its body,
and pupates within 24 to 48 hours, measuring 11.00 to 12.00
mm (average 11.50+0.04 mm) in length and 5.00 to 6.00 mm
(average 5.66+£0.47 mm) in width at its broadest region. The
pupa is broad anteriorly and narrow posteriorly, dark green
with cream to yellow spots on the abdominal segments
dorsally in two rows, and minute white spots over the entire
pupa. A dark green mid-dorsal line and a pair of black ventral
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spots are present. The pupal stage lasts 8 to 10 days, including
the prepupal period, and the pupa weighs 228.0 mg.

3.5 Development Success and Population Index

Eggs of Mycalesis subdita were found on host plants from
July to January. The hatching success rate varied between
75% in December and 100% in January, July, August,
October, and November. The success rate of larvae becoming
pupae ranged from 50% in July and August to 100% in
December. Pupal emergence rates into adults varied between
80% in November and 100% in December, January, and July
to September (Table 1). Searches for the three early life stages
(eggs, larvae, and pupae) across five 1-square-meter patches
of Brachiaria distachya plants showed reproduction from July
to mid-January, with adults present from July to March. The
highest frequency of early stages and adults occurred from
September to December (Table 2).

3.6 Food Consumption, Growth, and Utilization

Table 3 presents data on food consumption and corresponding
weight gain by larvae. Food intake increased with each instar,
reflecting in weight gain. The proportions of food consumed
by each instar were 1.48%, 2.45%, 5.07%, 16.74%, and
74.23%, with the last two instars consuming over 91% of the
total food. Weight gain proportions were 0.49%, 1.03%,
5.61%, 21.95%, and 70.89%, indicating that the last two
instars accounted for over 92% of the total weight gain.
Growth rate (GR) and consumption index (CI) generally
decreased across instars, except for a rise from instar Il to Ill.
GR values ranged from 0.22 to 0.45 mg/day/mg, and CI
values ranged from 1.08 to 6.38 mg/day/mg, with the highest
values in the first instar and the lowest in the final instar.
Table 3 also includes data on approximate digestibility (AD),
efficiency of conversion of digested food (ECD), and
efficiency of conversion of ingested food (ECI). AD values
decreased with larval age, ranging from 97.25% in the first
instar to 72.12% in the final instar. ECD and ECI values
generally increased with age, except for a slight decrease from
instar 1V to V. ECD values ranged from 7.34% to 32.51%,
and ECI values ranged from 7.14% to 27.88%, with the
highest values in the fourth instar and the lowest in the first
instar.

4. Discussion

The tropical climate, characterized by minimal seasonal
temperature variation, allows butterflies to fly and reproduce
throughout the year, though they may have specific favorable
periods > €. The Tamil Bushbrown (Mycalesis subdita) is
observed from July to March, with a reproductive peak from
September to December, aligning with the rainy and winter
seasons. According to Mathew and Rahamathulla [, this
butterfly is abundantly present year-round in the dense, humid
rainforests of the Silent Valley. It is likely that M. subdita
requires moist and shaded conditions for its survival and
reproduction. Such conditions are not consistently available in
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the study area, which limits its presence to specific parts of
the year. During the remaining months, the adults might enter
a reproductive diapause.

The total developmental period from egg laying to adult
emergence is approximately 32.40+3.53 days at around 28 °C,
allowing for 4-5 overlapping generations per year. This
pattern aligns with the expectation that tropical butterflies
have short life cycles and multiple generations annually [,
Temperature affects the duration of each life stage and the
overall development time B4, Consequently, the number of
generations per year in other parts of M. subdita's range might
differ based on local temperatures. In Visakhapatnam,
particularly at the Andhra University site, the life cycle
duration remains relatively consistent across overlapping
seasons due to the absence of extreme temperatures.

Adult butterflies feed on overripe or decaying fruits and sap
from tree wounds, which provides them with essential
proteins and carbon sources 14, thereby enhancing egg
production 23],

The food consumption index (CI) for most forb-chewing
Lepidoptera ranges from 0.27 to 6.90 (average 2.03)
mg/day/mg 24, The average CI of 2.80 mg/day/mg for M.
subdita fits within this range. Food consumption rate is
influenced by the efficiency with which ingested food is
converted to biomass (ECI), increasing as conversion
efficiency decreases or vice versa [*4l, The high CI value (6.38
mg/day/mg) in the first instar is likely due to low conversion
efficiency, reflected in the low ECI value (7.14%) for this
stage compared to later instars. Growth rates are higher in the
first four instars than in the final ones [*°],

The approximate digestibility (AD) values obtained in this
study are comparable to the reported range (19-81%) for
lepidopterous larvae [, The average AD percentage is
86.99%, supporting Slansky and Scriber's 4 assertion that
foliage chewers often achieve high AD values. High AD
values are also expected when the food is rich in nitrogen and
water (161, Similar results have been observed in various other
lepidopterous larvae, including Pieris brassicae '], Ariadne
merione merione [8  Byblia ilithyia [, Helicoverpa
armigera %, Phalanta phalantha 211, Spodoptera frugiperda
(22 and Zizula hylax hylax 231,

It is generally believed that ECD values increase from early to
late instars 1. For M. subdita, ECD values increased from
early to penultimate instars but sharply decreased in the final
instar. These findings are consistent with the range reported
for Danaus chrysippus by Mathavan and Bhaskaran 24, The
decline in ECD in the fifth instar may be attributed to
increased energy expenditure on metabolism [5 26 The
pattern of ECI values closely followed that of ECD. The
values obtained (7.34%-32.51%) are within the expected
range for forb foliage chewers [*4 20 221 The relatively high
ECD and ECI values in the last two instars (32.51%, 28.16%
& 27.88%, 20.31%) indicate efficient tissue and ecological
growth, enabling M. subdita to thrive in the urban
environment of Visakhapatnam.
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Fig 1: (a) Adult, (b) Eggs, (c) Instar (d) Instar H, (e) Instar 11, (f) Instar 1V, (g) Instar V, (h) Pupa.

Table 1: Development success of eggs, larvae and pupae of Mycalesis subdita on Brachiaria distachya leaves in the laboratory.

Life cycle Calendar Months
stage M J J A S 0o N D J F M A
# eggs studied 0 0 2 2 5 10 7 4 3 0 0 0
# larvae hatched 0 0 2 2 4 10 7 3 3 0 0 0
# pupae formed 0 0 1 1 3 8 5 3 2 0 0 0
# adults emerged 0 0 1 1 3 7 4 3 2 0 0 0

Table 2: Population index of different life stages of Mycalesis subdita on Brachiaria distachya leaves in the field.

Life cycle Calendar Months
stage M J|J] A S o N D J |[F[MJ|A
Adult abundance - - * ** *kk *kk *kk *kk ** * * -
# eggs 0 |0]2] 3 6 13 8 5 3 |]0j 0O
# larvae 0 |0j0] 2 3 10 5 3 2 |0 0O
# Pupae 0 |0j0] 1 2 5 2 2 1 |0J 0O

Absent, *Rare, **Less common, *** Common
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Table 3: Food consumption, growth and food utilization efficiencies of Mycalesis subdita larva fed with Brachiaria distachya leaves.

Instar number Wi. of food ingested Wi, of faeces (mg) Wt. gained GRCI AD ECD | ECI
(mg) ' by larva (mg) (mg/day/mg) (%) (%) | (%)

| 18.20+04.85 0.56+0.15 1.30+0.10 0.45 6.38 97.25 07.34 107.14

1 30.00+06.94 2.90+0.64 2.70£0.13 0.29 3.27 90.30 09.96 |09.00

i 62.10+09.97 6.50+0.86 14.60+0.50 0.42 1.80 89.53 26.25 |23.51

v 204.80+15.52 29.20+4.70 57.10+1.05 0.41 1.49 85.74 32.51 | 27.88

\ 907.66+20.41 253.00+9.74 184.40+7.05 0.22 1.08 72.12 28.16 |20.31

5. Conclusion

This study provides valuable insights into the oviposition,
larval host plant (B. distachya), population index, and larval
performance of the Tamil Bushbrown (M. subdita) in terms of
food consumption, growth, and utilization, as well as the
duration of its life cycle from egg to adult emergence. More
over the plants consumed by larvae significantly influence the
performance of the adult butterflies 7. The data from this
research can be effectively used for the conservation and
management of this butterfly species in various settings,
including parks, zoos, butterfly houses, and natural fields.
Butterfly houses, which are popular zoo exhibits, offer
significant educational and conservation benefits [28 29,
Additionally, the study suggests that rearing larvae in
captivity at approximately 28+2 °C can produce a sufficient
number of adults for restocking areas where the Tamil
Bushbrown populations are low B0,
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1. Introduction : Gdhler[2] introduced the concept of 2-metric space as a natural generalization
of a metric space. Some fixed point theorems in 2-metric spaces are obtained in
Iseki[3],Rhoades[5] and Jungck[4]. Gahler[2] introduced the notions of reciprocal continuity and
asymptotic regularity for a pair of self maps on a 2-metric space. Using the above concepts
Badshah and Gopal Meena[1] proved a fixed point theorem for a pair of self-maps on a 2-metric
space using asymptotic regularity.

The present paper is a generalization of a result of Badshah and Gopal
Meena([1],Theorem 2).

In this paper, we obtain i) a common fixed point theorem (Th. (2.1)) for compatible mappings
by using the concept of asymptotic regularity and ii) a common fixed point theorem (Th. (2.6))
using the concept of joint reciprocal continuity. We start with some definitions.

Definition 1.1 (Gdhler[2]): Let X be a non-empty set with real valued function d: X3 - R
satisfying :

i) For two distinct points x, y in X, there exists z in X such that d(x,y,z) # 0

ISSN : 2581-7175 ©IJSRED: All Rights are Reserved Page 2590



International Journal of Scientific Research and Engineering Development-— Volume 7 Issue 3, May-June 2024

Available at www.ijsred.com
ii) d(x,y,z) = 0 only if at least two of x, y and z are equal
iii) d(x,y,z) =d(x,z,y) = d(y,z x) and
iv) d(x,y,z) <d(x,y,u) +d(x,u,z) + d(u,y,z) forall x,y,z,uin X.
The function d is called a 2-metric on X and the pair (X, d) is called a 2-metric
space.

Definition 1.2 (Gdhler[2]) : Let (X, d) be a 2-metric space .

1) A sequence {x,} is said to be convergent to a point
xinXif =0,Va €X.
i1) A sequence {x,} is said to be a Cauchy sequence

in X ifd(x,,, x,,a) = 0,Va € X .
ii) A 2-metric space (X, d) is said to be complete if every Cauchy sequence in X
converges to a point in X.

Note: i) In a 2-metric space (X,d),d: X3 — R is continuous if
Xp = X, Yo = yimplies d( x,, y,,a) = d(x,y,a),Va € X for n - .
i) If x, > xandx, > yasn > othenx =y.

Definition 1.3 (Gdhler[2]): For self-mappings, S and Tof a 2-metric space (X, d), the pair
(S, T) is called reciprocally continuous if

d(8Txy,,Sx,a) =0 =Va € X ,whenever {x,} isasequencein X suchthatSx, =T x, =
x, for some x € X.

Definition 1.4 (Gdhler[2]): For self-mappings , S and Tof a 2-metric space (X, d)

1) A sequence {x,} in X is called asymptotically regular with respect to the pair
(5, T7)itd(Sx,, Tx,,a) =0Va € X.

ii) The pair (S, T) is called compatible if
d(STx,,TSx,,a) = 0Va € X, whenever {x,,} is a sequence in
X such that Sx, =Tx, =x, for somex € X.

Definition 1.5: Suppose P, S and T are self maps on a 2-metric space (X, d).The pair (S,T) is
said to be joint reciprocal continuous with respect to P if there exists a sequence {x,,} in X such
that Sx, = Tx, andd(PSx,,SPx,,a) =0 andd(PTx,,TPx,,a) =0Va € X .

Note : If {x,} is a sequence in X such that Sx,, =Tx,

and (P, S) and (P,T) are compatible then (S, T) is jointly reciprocally continuous with respect
to P.

Notation: @ = {¢: [0, ) - [0, ), ¢ is continous and ¢(t) <t Vt > 0}.
2. Main Results

We begin with our first main result, from this we obtain corollaries of the main result and
finally show that the result of Badshah and Gopal Meena[l ] follows as a corollary.
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Theorem 2.1: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:

i) d(Px,Py,a) < @ ({d(Py,Ty,a)(1 + d(Px,Sx,a)),d(Px,Sx,a)(1 +
d(Py,Ty,a)})

Vx,y,a € X and for some ¢ € P,
ii) the pair (P,S) and (P,T) are compatible
iii) there exists a sequence {x,} which is asymptotically regular with respect (P,S)and (P,T)
iv) Sand T are continous v) d is continous.
Then P, S and T have a unique common fixed point in X.
Proof: Let {x,} be asequence in X satisfying condition (iii).
By taking x = x, and y = x,,, in (i), we obtain
d(Pxp, Pxpma) < @{d(Pxp, Txm,a)(1+ d(Px,,Sx,, a)), d(Pxy, Sx,, @) (1 +
d (P, Txm, @) )}) @.1.1)
On letting n — o and using condition (iii), we get
d(Px,, Px,,a) =0Va € X.

This implies that the sequence {Px,} is a Cauchy sequence in X, since X is complete with
respect to 2-metric d.

This implies

Px, = z, for some zeX. 2.1.2)
Now

d(Sx,,z,a) < d(Sx,,z Px,) + d(Sx,, Px,,a) + d(Px,,z,a)

On letting n — oo, using condition (iii) and equation (2.1.2), we get
d(Sx,,z,a) =0Va € X.

This implies Sx,, —» zin X. (2.1.3)
Similarly we can obtain

Tx, - zinX. 2.14)
Since we can write

d(PSx,,Sz,a) < d(PSx,,Sz,SPx,) + d(PSx,,SPx,,a) + d(SPx,,S5z,a)
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On letting n — o, using the conditions (ii), (iv)and (v), we get

d(PSx,,Sz,a) =0Va € X,
(+ Px, — zand S is continuous implies SPx,, — Sz)
This implies PSx,, — Sz . (2.1.5)
Similarly we can prove PTx,, = Tz. (2.1.6)
By taking x = Sx, and y = Tx,, in (i), we obtain
d(PSxy, PTx,,a) < o(max{d(PTx,,TTx,,a)(1 + d(PSx,, SSx,,a)),

d(PSx,, SSx,,a)(1 + d(PTx,, TTx,,a))}) (2.1.7)
From condition (iv) we have S and T are continuous, applying continuity of S and T in (2.1.3)
and (2.1.4) ,we get

SSx, = Sz, TTx,, - Tz and STx,, — Sz (2.1.8)
On letting n — oo in (2.1.7), using (2.1.5),(2.1.6),(2.1.8) and condition (v), we get
d(Tz,5z,a) =0,Va € X.
This implies Tz = Sz. 2.1.9)
Similarly by taking x = Tx,, and y = z in (i) , we get

d(PTx,,Pz,a)
< o{d(Pz,Tz,a)(1 + d(PTxy,,STx,, a), d(PTx,,STx,,a)(1 +d(Pz,Tz,a) })

On letting n — oo, using ((2.1.7),(2.1.8),(2.1.9) and condition(v), we get d(Tz, Pz,a) = 0,Va €

X.
This implies Tz = Pz. (2.1.10)
Therefore Sz =Tz = Pz. (2.1.11)

By taking x = x,, and y = z in (i), we get
d(Pxy,Pz,a) < {d(Pz,Tz,a)(1 + d(Px,, Sx,, a), d(Px,,Sx,,a)(1+d(Pz,Tz,a) })
On letting n = oo and using (2.1.2),(2.1.3),(2.1.11) and condition(iv), we get
d(z,Pz,a) = 0,Va € X .This implies Pz = z.
Therefore z is a fixed point of P.Hence z is a common fixed point of S,T and P in X.

Suppose if x is common fixed point of S,T and P in X. Then it can be easily proved
that x = z. Hence z is a unique common fixed pointof S,T and P in X.
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Now we have the following corollaries of theorem 2.1.

Corollary 2.2: Let P,S and T be self-mappings of a complete 2-metric space (X, d) satisfying:

i) d(Px,Py,a) < ¢({d(Py,Ty,a)(2 + d(Px,Sx,a)),
d(Px,Sx,a)(1 +d(Py, Ty, a),d(Px, Sx, a),d(Py, Sy, a)})

Vx,y,a € X and for some ¢ € @, and also satisfying condition (ii), (iii), (iv)and (v) of
theorem 2.1.

Then P, S and T have a unique common fixed point in X.
Corollary 2.3 : Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:

i) d(Px,Py,a) < A{d(Py,Ty, a)(l + d(Px, Sx, a)),
d(leS'xl a)(l + d(Py; Ty, a)ld(leS'xl a);d(PY;SY; a)}

Vx,y,a € X,0 < A< 2 and also satisfying condition (ii), (iii), (iv)and (v) of theorem 2.1.
Then P, S and T have a unique common fixed point in X.
Corollary 2.4: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:

i)d(Px,Py,a) < a{d(Py,Ty, a)(l + d(Px, Sx, a)),
d(Px,Sx,a)(1+d(Py,Ty,a)} + B max{d(Px,Sx,a),d(Py,Sy,a)}

Vx,y,a € X ,a and  are non — negative numbers such that a + f < 1 and
also satisfying condition (ii), (iii), (iv)and (v) of theorem 2.1.
Then P, S and T have a unique common fixed pointin X.
Corollary 2.5: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
i)d(Px,Py,a) < apf{d(Px,Sx,a) +d(Py,Sy,a)}

Vx,y,a € X,a and  are non — negative numbers such that a + f < 1 and also satisfying
condition (ii), (iii), (iv)and (v) of theorem 2.1.

Then P, S and T have a unique common fixed point in X.
The following result due to Badshah and Gopal Meena[1 ] is a corollary of the above result.

Corollary 2.6 (Badshah and Gopal Meena[l ],Theorem 2): Let P,S and T be self-mappings of
a complete 2-metric space (X, d) satisfying:

d(Py,Ty, a)(l + d(Px, Sx, a))

i) d(Px, Py, <
i) d(Px,Py,a) < a 1+d(Sx, Ty, a)

+p{d(Px,Sx,a) + d(Py,Sy,a}
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Vx,y,a € X,a and 8 are non — negative numbers suchthat a + f < 1,

and also satisfying condition (ii), (iii), (iv)and (v) of theorem 2.1.
Then P, S and T have a unique common fixed point in X.

Now we state our second main result which uses the concept of joint reciprocal
continuity.

Theorem 2.7: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
i) d(Px,Py,a) < ¢({d(Py, Ty, a)(1+ d(Px,Sx,@)),  d(Px,Sx,a)(1 + d(Py,Ty,a)})
Vx,y,a € X and for some ¢ € P,

it) Sand T are continous
iii) d is continous.
iv) (5,T) isjoint reciprocal continous w.r.t. PinX.
Then P, S and T have a unique common fixed point in X.
Proof: From condition(iv) there exists a sequence {x,} in X such that
Sx, = Px, = Tx, = zforsomezeX (2.5.1)
and

d(PSxy,SPxp,a) =0 =d(PTx,, TPx, a)va € X (2.5.2)

Applying condition (ii) in equation (2.5.1) and using this in the equation (2.5.2),we get
PSx, — Szand PTx, - Tz. (2.5.3)

By taking x = Sx,,,y = Tx, in (i) and letting n — oo, using conditions (ii) , (iii) and (2.5.2)
and (2.5.3), we get Sz = Tz. (as derived in theorem 2.1)

Similarly taking x = Tx,, and y = z in (i) and letting n — o, we get
Pz = Tz (as derived in theorem 2.1).Therefore Sz = Pz = Tz.
Taking x = x, and y = z in (i) and letting n - o, we get z = Pz.

Thisis z is a fixed point of P.Hence z is a common fixed pointof S,T and P in X.
Suppose if x is common fixed point of S,T and P in X. Then it can be easily proved that x =
z. Hence z is a unique common fixed pointof S,T and P in X.

Now we have the following corollaries of theorem 2.6.
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Corollary 2.8 : Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
condition (i) of corollary (2.2) and conditions (ii), (iii) and (iv) of theorem (2.7).

Corollary 2.9: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
condition (i) of corollary (2.3) and conditions (ii), (iii) and (iv) of theorem (2.7).

Then P, S and T have a unique common fixed point in X.

Corollary 2.10: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
conditions (i) of corollary(2.4) and also conditions (ii), (iii) and (iv) of theorem (2.6).

Then P, S and T have a unique common fixed point in X.

Corollary 2.11: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:
conditions (i) of corollary (2.5) and also conditions (ii), (iii) and (iv) of theorem (2.7).

. Then P, S and T have a unique common fixed pointin X.

Corollary 2.12: Let P, S and T be self-mappings of a complete 2-metric space (X, d) satisfying:

conditions (i) of corollary 2.7 and also the conditions (ii), (iii) and (iv) of theorem (2.7).
Then P, S and T have a unique common fixed pointin X.

Example 2.11:

LetX =R X R for A,B € X, denote the Euclidean distance A and B by |A — B|.

Define d:X® - Rby d(4,B,C) ={|A—B|,|B—C|,|C — A|}.Then (X,d)

is a complete 2-metric space. Let Ay € X. Define the mappings

P,SandTonXas P(A) = A, VAEXand S=T =1.

Define p(t) =nt,0<n <1 then o € ®. Then P,S and T satisfy all

the properties of Theorem 2.1 and Theorem 2.7 and A, is the unique common

fixed pointof P,S and T in X.
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Enhancement in the Magnetic Properties of Yttrium
Orthoferrite Materials by the Addition of BaO-Bi,O3—B,0;

Glass Sintering Aid

Sadik Ahmed Mohammed and Rama Sekhara Reddy Dachuru*

The addition of powdered BaO-Bi,0;—B,0; (BBBO) glass (0.25-1.5 wt%) to
yttrium orthoferrite materials (YFeO3) powder facilitates an increased crystallite
size, resulting in improved magnetic properties. The required YFeO; (YFO)
materials are synthesized through the sol-gel route using tartaric acid as a
chelating agent, while BBBO glass is obtained via the conventional melt-
quenching technique. The crushed glass is added to YFO powders in different wt
% and compacted at room temperature, subsequently; the compacted samples
are sintered at 1000 °C for 3 h. The X-ray powder diffraction studies infer that a
maximum 1.0 wt% of BBBO glass is incorporated into YFO without showing any
impurity phase. The optical bandgap of each sample is calculated using the UV
data with the help of the Kubelka—Munk and Tauc relation, decreasing from 2.10
to 2.04 eV with an increase of BBBO content from 0 to 1.0 wt% in YFO. The
highest magnetization value (4.02emu g ') is observed with 1.0 wt% BBBO
added in YFO surpassing pure YFO and other BBBO-added YFO samples. In
conclusion, the improved magnetization value of the 1.0 wt% BBBO added in the
YFO sample can be potentially utilized in different applications.

value and a relatively low energy bandgap
(1.8-2.6eV), YFO emerges as a desirable
material for photocatalysis and magneto-
optical applications.!®”)

YFO nanomaterials have been synthe-
sized and reported in the literature using
various  synthetic routes, such as
conventional solid-state, hydrothermal, soft
chemical, wet-chemical, one-step autocom-
bustion method, mechanochemical, and a
few more methods.®>? Theoretical inves-
tigations have delved into the differences in
multiferroic properties between hexagonal
and orthorhombic ion-doped YFO nano-
particles.!”?! Earlier research reports have
highlighted the alterable structural and
physical characteristics of YFO through
changes in particle size, chelating agent,
or adding magnetic or nonmagnetic

1. Introduction

The extensive range of physical features exhibited by ferrite or
multiferroic nanostructure materials has drawn significant atten-
tion in the realm of research due to their device applications.™
These nanostructured ferrites materials are suitability in various
fields, including magneto-optical devices, removal of organic pol-
lutants from industrial wastewater, biomedical, gas sensors,
capacitors, microwave electronic devices, spintronic devices,
and many more applications.” Among them, YFeO; (YFO)
stands out for its versatility in different applications owing to
its multiferroic behavior. YFO exhibits hexagonal and ortho-
rhombic crystal structures, with the orthorhombic crystal
structure being particularly favorable for magnetic applications.
With its soft ferromagnetic nature with a high magnetization
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ions at A-sites or B-sites.['>1¢1823-27] For

instance, the altered magnetic properties

of single phase of Y; ,Sc,FeO; (x=0,

0.5, and 1) and Y,_,A,B,Fe;_,O; (where
A=Gd*", Nd*", Sm®" and B=Ti*") nanoparticles have
been observed.">®*”) Apart from these, improved magnetic
properties of YFO nanomaterial obtained from tartaric acid
(as a chelating agent) compared to YFO nanomaterial obtained
from citric acid, oxalic acid, and sucrose have been reported.””!
However, to the best of the authors’ knowledge, no reports on the
glass phase-assisted sintering of YFO nanomaterials have been
discovered in the literature. Glass melts or liquefies above
its glass transition temperature, which aids in the effective dif-
fusion of ionic or molecular units, leading to densification and
the formation of large grains at low temperatures. The low
melting points of the glasses made of borate®® led to their
selection in the investigation. This study focuses on the use of
BaO-Bi,03;-B,0; (BBBO) glass to examine its impact on the
physical properties including optical and magnetic properties
of YFO materials. The primary objective is to improve the mag-
netization value of YFO nanomaterials obtained from the sol-gel
techniques using tartaric acid as a chelating agent in combina-
tion of with BBBO glass as a sintering aid. Different wt% of
BBBO glass were incorporated into YFO, namely, 0wt%
(YFOBBBO-0), 0.25wt% (YFOBBBO-25), 0.5wt% (YFOBBBO-
50), 1.0wt% (YFOBBBO-100), and 1.5wt% (YFOBBBO-150).
A systematic investigation was conducted on their structural,
optical, and magnetic properties.

© 2023 Wiley-VCH GmbH
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2. Results and Discussion

The typical room temperature X-ray powder diffraction (XRD)
pattern of the YFOBBBO-0, YFOBBBO-25, YFOBBBO-50,
YFOBBBO-100, and YFOBBBO-150 samples is depicted in
Figure 1. Using the standard JCPDS card [98-008-0866], the
obtained XRD pattern was indexed to an orthorhombic structure
with Pmma (space group: 62). The diffraction peaks 26 at
~26.103, 32.109, 33.256, 34.049, 39.652, 47.440, 47.921,

J‘ YFOBBB0-150
A e Jaa, A, A
l. YFOBBB0-100
A A Mo, A A
3 l, —— YFOBBBO0-50
8 A A PO PRy A ~
2 L YFOBBB0-25
g A A Mo, A A A
g L YFOBBB0-0
. A A Mo, A A
—— JCPDS
I I YT TNV W
20 30 40 50 60 70 80

29 (degree)

Figure 1. Room temperature XRD patterns of YFOBBBO-0, YFOBBBO-25,
YFOBBBO-50, YFOBBBO-100, YFOBBBO-150, and JCPDS data of YFO.

www.pss-b.com

53.584, 57.846, and 79.656 could be indexed to (111), (200),
(121), (002), (022), (202), (040), (141), (240), and (204) (enlarged
view of XRD 26 from 15-35, 35-55, and 55-80 in Figure 2a—c).
The samples YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and
YFOBBBO-100 exhibited pure phase without any secondary or
unreacted impurity phase. However, the sample YFOBBBO-150
shows a few impurity phases, which are indexed by * and # in
Figure 2a. Furthermore, we performed the Rietveld analysis to
estimate the lattice parameters of the YFOBBBO-0 and
YFOBBBO-100 samples, and thus obtained refinement graphs
are depicted in Figure 3. The y* values were found to be below
3, which indicate that the fitting was satisfactory. The obtained
lattice parameters along with reliability factors of the profile fit of
these samples are mentioned in Table 1. To do a crystallite size
and strain study based on various € positions, we used the
Williamson—Hall (W-H) equation [fpqcosf = %4 4 4¢sin6].
For all samples (pure phase) under this study, the W-H plots
are depicted in Figure 4a—d with 4 sind along the x-axis and
P cos@ along the y-axis. The strain (¢) was determined from
the slope of the linear fit to the data, and the crystallite size
(D) was computed from the y-intercept. The W—H approach pre-
supposes that the strain is identical and isotropic in all
crystallographic orientations. The obtained D and & values
for the YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and
YFOBBBO-100 samples were 184, 209, 242, and 298 nm and
0.274, 0.292, 0.312, and 0.325, respectively. These obtained D

(@) : i (b)
—— YFOBBB0-150 Y Fe,0,, #BiFeO, —— YFOBBBO0-150
A * % ! # A oA NN M A
—— YFOBBBO0-100 ﬂ —— YFOBBB0-100
— I\
3 |——YFOBBBO0-50 5 |——YFoBBBO0-50
< A ‘\ | 8 " Man A
—— oA
2 >
5 |—YFoBBBO-25 n 2 |—YFoBBB0-25
(2]} st
g A 2 A\ jAM A
b (]
£ | —— YFOBBB0-0 A £ [——YFOBBB0-0 M :
A . W
—JCPD(SZ) s g s —.JePDSg  E s8¢ § g8 cc8%
= = T & (112) e T 28 S oS3 82s<c
I M R | , 1 Fa' Ciim orgry il wiha
20 25 30 3 35 40 45 50 55
26 (degree) 20 (degree)
(c) A —— YFOBBBO0-150
A i o=
—— YFOBBB0-100
s .».._Mj\._.._» A
3 —
= YFOBBBO0-50
; M A A
5 —— YFOBBB0-25
5 M A oo o
2
£ —— YFOBBBO0-0
—A.—'\A-L—-—F P N
s cgf&s8s ¢ g 8 e JCPDS
£ 838 8 3 3 = (313) (204)
LIy 1 11 . .
55 60 65 70 75 80
20 (degree)

Figure 2. Enlarged view of room temperature XRD patterns: a) 26, 20-35 (degree), b) 26, 35-55 (degree), and c) 26, 55-80 (degree) of YFOBBBO-O0,
YFOBBBO-25, YFOBBBO-50, YFOBBBO-100, YFOBBBO-150, and JCPDS data of YFO.
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Figure 3. Refinement graphs of YFOBBBO-0 and YFOBBBO-100 samples
obtained from Rietveld analysis.

Table 1. Lattice parameters and reliability factors of profile fit for
YFOBBBO-0 and YFOBBBO-100 samples.

Name of Lattice parameters [A]

the sample

Reliability factors of profile fit

Re [%] Rup [%]  GOF a b c

YFOBBBO-0 2.89 2.74 6.55 5.5948 7.6034  5.2851
YFOBBBO-100 2.21 2.32 6.03 5.5972 7.6061  5.2863

O
o
—
O
=

Bcos(6)
Bcos()

03 04 05 06 03 04 05 06
sin(0) sin(0)

—~
(2]
-~
—~
[oX
~

Bcos(6)
Bcos(0)

03 04 05 06 03 04 05 06
sin(6) sin(e)

Figure 4. W-H plots: a) YFOBBBO-0, b) YFOBBBO-25, c) YFOBBBO-50,
and d) YFOBBBO-100 samples.

values indicate that the crystalline nature of the sample is increas-
ing with an increase of BBBO content in the YFO.

Figure 5 presents the room temperature Raman spectra in the
range of 100-1500 cm ' for BBBO glass added to YFO samples.
It is well established in the literature that among the 24 Raman
active modes (7Ag + 5B14 4 7B + 5B3,), the 12 modes were the
first orders for YFO orthorhombic structure. Here, we assigned
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Figure 5. Room temperature Raman spectra of YFOBBBO-0, YFOBBBO-
25, YFOBBBO-50, and YFOBBBO-100 material in the region of 100-
1500cm™".

the 9 strong modes (p1, p2, p3, p4, p5, p6, p7, p8, and p9) for the
BBBO glass added to YFO samples, following the orthorhombic
crystal structure of NdFeO3.*”! The first two bands or peaks
(p1~152 and p2~ 183 cm™') were observed in the region of
100-200 cm ™" which is due to the vibrational modes of yttrium
ion. Three different characteristic bands (p3 ~ 219, p4~277,
and p5~34lcm ') were observed in the region of
200-400 cm ™. The band p3 is attributed to Fe*" ions vibration,
and bands p4 and p5 are due to the magnetic Fe’" ions excita-
tion. Two bands (p6 ~ 429 and p7 ~ 499 cm™") were observed in
the region of 400-600cm™", and these are responsible for
the excitation of magnetic Fe*" ions. In the region of
600-700cm ™', the characteristic of the Fe—O bond
(P8~ 637 cm™") was observed. The vibration of the magnetic
Fe’" ions band (p9~ 1303cm™') was also observed in the
Raman spectrum.>% Here, the observed Raman bands were
well matched with the earlier reported orthorhombic crystal
structure of YFO material.’*? Furthermore, the full width half
maxima (FWHM) of each sample was determined using the
Gaussian fit, and the obtained FWHM of the corresponding
peaks was mentioned in Figure 6a—i. Here, we observed the
decrease of FWHM with an increase of BBBO glass in YFO mate-
rials, which leads to an increase in crystallite size.**
Furthermore, the blueshift of yttrium ion vibrational modes
(p1 and p2) and redshift of Fe—O bond (p8) were observed.
The redshift of the Fe—O bond indicates a change in bond length
between Fe and O atoms, resulting in a change of polarization.
As a result, an improvement in magnetization value was
observed, explained by magnetic properties.

To estimate the magnetization values of YFOBBBO-0,
YFOBBBO-25, YFOBBBO-50, and YFOBBBO-100 samples,
magnetization hysteresis (M-H) loops were recorded at room
temperature, applying an applied field up to 1.5 T. The recorded
M-H loops for all the samples in this study are depicted in
Figure 7a. An enlarged view of the M—H loops from —0.2 to
0.2 kOe is provided in Figure 7b for clear visibility of the coercive
field of all the samples. The samples exhibited the net magnetic
moment, and the obtained magnetization (M;) values were 3.57,
3.64, 3.79, and 4.02emug™' for YFOBBBO-0, YFOBBBO-25,
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Figure 6. Peak position and FWHM of YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and YFOBBBO-100 material: a) p1, b) p2, c) p3, d) p4, ) p5, ) p6,

g) p7, h) p8, and i) p9.

YFOBBBO-50, and YFOBBBO-100, respectively (Figure 7c).
However, the coercive field (Oe) values for all the samples in this
study are nearly similar (41.67 Oe). Magnetization values and
coercive field are influenced by different factors, such as particle
size, synthesis condition, chelating agent, calcination tempera-
ture, and a few more factors.[**#3%3**8 Through Raman spec-
troscopy, we observed the change in the Fe—O bond length (red
Raman shift at p8) and the increase in particle size (decrease of
FWHM); these factors are primarily responsible for the improve-
ment of magnetization value. The coercive field is also crucial for
certain applications. For YFO material, a decreased coercive field
was observed with an increase of magnetization values (in the
case of Sr2, Ni*?, Bi"?, and rare earth elements doped YFO
material) as well as an increase of crystallite size.!'>¢181%:3
Magnetization values of YFO reported in the various form such
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as of crystals, polycrystalline material, and nanomaterials from
the literature,[''183%364042] 3long with the present study, are
provided in Table 2 for comparison purposes. Therefore, we sug-
gest that the BBBO glass sintering aid is a promising candidate to
improve the magnetization values of YFO materials without
effecting their coercive field.

Figure 8 demonstrates the optical reflectance spectrum of
YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and YFOBBBO-
100 samples as a function of wavelength (nm) versus reflectance
(%) in the region of 350-825 nm. An observed decrease in reflec-
tance (%) with an increase in BBBO content in the YFO sample
could be attributed to the increase in particle size. All the samples
show less than 10% of reflectance in the region of 350-475 nm
(marked region in red color), which suggests the synthesized
materials’ ability to absorb the light in the visible spectrum.

© 2023 Wiley-VCH GmbH
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Figure 7. a) M—H loops of YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and

YFOBBBO-100 samples, b) enlarged view of M—H loops (—0.2 to 0.2 kOe),

and c) comparison of magnetization values as function of YFOBBBO-0, YFOBBBO-25, YFOBBBO-50, and YFOBBBO-100.

Table 2. Comparative study of magnetization values of YFO single crystal, polycrystalline material, nanomaterials along with present study.

Sr. no. Materials [ref. no.] Method Nature of material Magnetization value [emu g™ ]
1. YFOHO! Floating zone method Single crystal 0.18
2. YFOMY Floating zone method Single crystal [(100) wafer] 0.81
3. YFOI2 Solid-state reaction Polycrystalline (1.9 pm) 2.7
4. YFOI'® Sol-gel Polycrystalline (2.1 pm) 2.43
5. YFOB®! Sol-gel Nanomaterials (176 nm) 0.38
6. Yo.855Mq.15Fe0;39 Sol-gel Nanomaterials (106 nm) 1.05
7. YFOI'™! Sol-gel autocombustion Nanomaterials (88 nm) 0.45
8. YFOB Combustion Nanomaterial (73 nm) 1.64
9. LKBOYFO-0 [Present study] Sol-gel Polycrystalline (370 nm) 3.57
10. LKBOYFO-100 [Present study] Sol-gel followed by solid-state Polycrystalline (870 nm) 4.02
Apart from this, the electronic transition Dbetween estimated energy bandgap was found to be 2.10, 2.07, 2.05,

the oxygen atoms 2p states (valance band) to 34 states of Fe (con-
duction band) atom was observed in the region of 570-670 nm
(marked region in blue color) for all the samples.[**!

The optical bandgap of a material is very important from the
application point of view, especially photocatalysis applications
point of view of low energy bandgap is more appropriate.
Using reflectance spectra, we computed the optical bandgap of
the material employing the Tauc method.** The bandgap was
assessed by inferring the linear portion of ho versus
(ho x FKM)2 from Figure 9, where h is the plank constant, v is
the frequency, and Fyy is the Kubelka—Munk function. The
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and 2.04eV for YFOBBBO-0, YFOBBBO-25, YFOBBBO-50,
and YFOBBBO-100, respectively. Notably, the calculated optical
bandgap is smaller than that of other ceramic materials,*>~*°!
such as BaTiO; (3.28 eV), BiFeOs (2.67 eV), FeCr,04 (2.90¢eV),
CaCusTi4O1, thin films (3.79-3.11eV), LiNbO; (3.78eV), and
CoCr,04 (3.10eV). This study suggests that materials with a
smaller bandgap, as investigated here, have the potential to be
viable candidates for photocatalysis applications compared to
the mentioned ceramic materials.[**>°

To view the morphology and particle size of the YFOBBBO-0
and YFOBBBO-100 (high magnetization value), the scanning

© 2023 Wiley-VCH GmbH
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electron microscopy (SEM) investigation was carried out on the
surface of the samples. Because the samples are naturally elec-
trically nonconducting, they were sputtered with platinum before
SEM studies to prevent the surface charge. The surface morphol-
ogy (regular) of these respective compounds is presented in
Figure 10a,b. The standard ASTM line intercept method was
adopted to estimate the average particle sizes and it was found
to be 370nm (YFOBBBO-0) and 820nm (YFOBBBO-100).
The histogram of each sample was inserted in their respective
SEM images.

3. Conclusions

In this study, we optimized the wt% of BBBO glass as a sintering
aid in YFO nanomaterials based on their structural and desired
magnetic properties. The structural analysis of the synthesized
compounds revealed a phase-pure orthorhombic structure up
to 1 wt% of BBBO glass sintering aid. The change in Fe—O bond
length was observed through Raman analysis. The calculated
optical bandgap was found to be smaller than that of well-known
oxide materials, like BaTiOs;, BiFeOs;, CaCu;Ti O, thin films,
and CoCr,0,. Surface morphology and average particle size were
estimated through SEM analysis. The highest magnetization
value along with a similar coercive field was observed from
the YFOBBBO-100 sample when compared to the YFOBBBO-0,
YFOBBBO-25, and YFOBBBO-50 samples, respectively. The
optimal composition of BBBO in YFO nanomaterial is thus
identified as a superior glass sintering aid for current-generation
real-time applications.

4. Experimental Section

Materials and Methods: High purity of Y,03 (99.99%, Ultrafunction
Enterprise  Co. Ltd), Fe(NO;);-9H,0 (98%, SDFCL), and
(+)-(CHOH-COOH), (99.5%, Qualigens) were used as starting materials
for the synthesis of YFO nanomaterials. To begin with, the required
amount of Y,O3 (0.5 mol ratio with respect to Fe (NO3)3-9H,0) was dis-
solved in a HNO; solution (3 mol of HNO;3 (12 mL) and 1.5 mol of H,O
(5 mL)) at 80 °C for 30 min. The temperature of the solution was brought
to room temperature when the clear solution was formed, and then
1.0 mol ratio of Fe (NO3)3-9H,0 solution (15 mL) was added to the above
solution under continuous stirring. Subsequently, a tartaric acid solution

Figure 10. SEM images of a) YFOBBBO-0 and b) YFOBBBO-100 (inset shows the histogram of the particle size distribution of each sample).
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(10 mL) as a chelating agent (2.0 mol ratio) was added to the above solu-
tion and stirred for 1 h at room temperature. Drop by drop of ammonium
solution (25%) was added to the above solution to maintain the pH of
~6.5-7 with continuous stirring at room temperature. The solution
was heated at 120 °C with continuous stirring to remove the water mole-
cule in the solution. At this temperature, water molecule was evaporated
and formed the gelation. Then the obtained gel was dried and heated at
250°C to achieve the YFO precursor. Then the obtained precursor was
calcined at 900 °C for 3 h to obtain a pure phase of YFO nanomaterial.?*!
However, the conventional melt-quenching technique was used to fabri-
cate the BBBO glasses. To prepare BBBO glasses, the suitable amounts of
BaCO;, Bi(NOs);-5H,0, and H3BO; were weighed and mixed with ace-
tone using mortar and pestle for 1 h. This mixture was taken in a platinum
crucible and melted at 950 °C, and then the melt was quenched to room
temperature. The obtained as-quenched glass was crushed into a fine pow-
der and added to YFO nanomaterials in different wt% (0, 0.25, 0.5, 1.0,
and 1.5). The mixture of these powders was ball-milled in an ethanol
medium for 5 h. The obtained mixed powders were dried and uniaxially
pressed into pellets (10mm diameter and ~1.5mm thickness). The
pressed pellets were sintered in air at 1000 °C for 3 h with heating and
cooling rates of 5°Cmin~" using a Thermolyne furnace.

Characterization Techniques: The XRD technique (Cu Ka radiation,
A=0.154nm) (PANalytical Multifunctional X'PertXRD) was used to
identify the phase purity of each sample under this study with a scanning
rate of 2’ min~" at room temperature. The morphology and grain size of
samples were estimated using the SEM (JEOL-JSM-IT300LV). Raman
microscope (DXR model, Thermo Fischer Scientific) was used to identify
the dominant Raman vibrational modes of each sample under this study at
room temperature. For this measurement, the laser excitation-centered
wavelength at 780 nm with a laser power of 3mW was used. UV-vis
NIR spectrophotometer (Perkin-Elmer Lambda 750 UV/vis/NIR spectro-
photometer) was used to record the absorption spectra of each sample
under this study in the wavelength range of 200-800 nm. The bandgap
of each sample under this study was computed using the diffuse reflec-
tance spectrum with the help of the Kubelka—Munk function. The magnetic
properties measurement was carried out by using vibrating sample mag-
netometer (VSM) (Model EZ9, MicroSense, USA).
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ABSTRACT

In India, the banking sector is the lifeline of any modern economy. The
banking sector is important financial pillars of the financial sector that played the
vital role in the functioning of an economy. The present study examined the
perception levels of the customers towards the core banking services offered by the
selected public and private sector banking organizations. The study had analyzed the
satisfaction levels of the customers towards the core banking services offered by the
selected banking organizations and it further measures the degree of association
between the environmental forces that influences the selection of bank and the
customers level of interaction with regard to redressal mechanism . The present
research study adopts Descriptive Research Design . Both the primary and
secondary data sources will be utilized by the researcher in order to draw
conclusions from the findings of this study. Primary data will be collected from the
selected sample respondents through interview schedule method and secondary data
sources will be gathered from the published sources. The sampling units identified
for the present study involves two banking organizations comprising both public
and private sector banking organizations located in the Guntur District of Andhra
Pradesh and the sample respondents comprises the customers of the selected banking
organizations. Stratified Random Sampling Technique was applied in order to
draw the sample respondents from the identified sampling units in the study area. The
sample size fixed for this study purpose was 140 from the selected two public and
private banking organizations in the study area. In order to draw the statistical
inferences from the data analysis, statistical tools like percentage and Person
Coefficient of Correlation method were applied. The study concludes that majority of
the respondents had opined that there is adequate staff in the banking organizations
and the quality of customer services offered by the banks is good. The study further
depicts that the availability of reasonable comforts at the banking organizations is
good and the study concludes that there exists a significant association between the
environmental forces that influences the selection of bank and customers level of
interaction with regard to redressal mechanism.

Key Words: Customers, Perception, Core Banking services, Satisfaction level
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INTRODUCTION

In India, the banking sector is the lifeline of any modern economy. The
banking sector is important financial pillars of the financial sector that played the vital
role in the functioning of an economy. The banking sector plays a crucial role for the
growth and development of any economy. The presence of banking sector encourage
saving habit among the people. The more the number of people deposits their money
in the bank, more money will be landed to the needy people. As one of the main
function that a bank performs is to channelize the funds from people who have surplus

funds (borrower or investor).

Banks plays a vital role in increasing the standard of living. Earlier, there were
very few banks and consequently there were no or very less competition. But after the
new economic refers and nationalization in 1991, all the barriers on free entry and exit
were removed and 100% FDI were allowed. This result is increase the competition for
Indian banks to the great extent. As all the banks perform same function, therefore,
there quality of service provided to their existing and potential customer makes them
distinctive from other banks. Because, now the customers are also more
knowledgeable and well-informed and therefore, they have some expectation from
their banks. And if banks failed to fulfill their customer’s expectation, the customer
will switch to other banks. From time to time, the perception of customer may change
and therefore, it is important for banks to focus on their expectations and try to fulfill

them and also try to acquire, retain and satisfy their customers for a longer period.

With advent of modern administration technologies in the banking
administration at both public and private sector banking platforms, the customers are
to be made aware of the quality and quantity of different banking services and
technological aspects in order to make them knowledgeable with regard to the
ongoing banking activities and the core banking services. Thus, the present study is
conducted in order to analyze the customers perception towards core services of
public and private sector banking organizations in the selected Guntur district of

Andhra Pradesh
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REVIEW OF LITERATURE

According to Chakravarty, (2014): Banking, being a customer-oriented
services industry, the customer is the centre of attention and customer service has to
be the distinguishing factor. The challenge for banks is to lower costs, increase
efficiency, while improving the quality of their service, and increase customer
satisfaction. Attention has now turned to improving the quality of service encounter,

when customers enter the bank and come into face-to-face contact with bank staff.

According to Ahmed K. and Choudhury T. A. (2015): in his study found that
nationalized commercial banks and private commercial banks are almost equally
reliable but services of private commercial banks give more assurance to the
customers. The study revealed that the performance of nationalized commercial banks
suffer in terms of empathy and tangibles. The customers feel that all commercial
banks are performing better than the nationalized commercial banks. So Nationalized

Commercial Banks needs to take initiative for service quality improvements.

According to Joshua A J, V Moli, P. Koshi (2018): The study evaluated and
compared service quality in old and new banks using sample size of 480. This study
found that the customers are satisfied in reliability, empathy and price for other

parameters of the difference between expectations and perceptions.

According to Mohammad et al (2022): The study tries to develop a
comprehensive model of banking automated service quality taking into consideration
unique attributes of each delivery channel and other dimensions which influence

service quality.

According to Dr Ravichandran et al (2023): The paper analyses existing study
and try to understand socio demographic and rational profile of public retail banking
consumers. It also finds out the importance of service quality dimensions to predict
the multidimensional model of behavioral intentions among public sector consumers
in India. Service quality parameters like tangibility, responsiveness and

empathy dimensions were also found to be very important.
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OBJECTIVES OF STUDY

1. To examine the perception levels of the customers towards the core
banking services offered by the selected public and private sector banking

organizations.

2. To analyze the satisfaction levels of the customers towards the core

banking services offered by the selected banking organizations.

3. To measure the degree of association between the environmental forces
that influences the selection of bank and the customers level of interaction

with regard to redressal mechanism

HYPOTHESES

In order to test the mentioned research objectives in the present study, the

following Null-hypothesis was proposed and tested for its statistical significance.

Hol : There exists no significant association between the environmental
forces that influences the selection of bank and customers level of

interaction with regard to redressal mechanism

RESEARCH METHODOLOGY

The present research study adopts Descriptive Research Design . Both the
primary and secondary data sources will be utilized by the researcher in order to
draw conclusions from the findings of this study. Primary data will be collected from
the selected sample respondents through interview schedule method and secondary

data sources will be gathered from the published sources.
The sampling units identified for the present study involves two banking

organizations comprising both public and private sector banking organizations

located in the Guntur District of Andhra Pradesh and the sample respondents
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comprises the customers of the selected banking organizations. One public sector

banking organizations namely Central Bank of India and One private sector banking

organizations namely HDFC Bank were identified as the study units.

Stratified Random Sampling Technique was applied in order to draw the

sample respondents from the identified sampling units in the study area. 70 customers

from each selected banking organization were identified as the sample respondents

and hence, the sample size fixed for this study purpose was 140 from the selected

two public and private banking organizations in the study area. In order to draw the

statistical inferences from the data analysis, statistical tools like percentage and

Person Coefficient of Correlation method were applied.

DATA ANALYSIS AND INTERPRETATION

Table No.1
Age details of the respondents

Age (in Years) Frequency Percentage
Below 25 18 12.9
25-40 108 77.1
Above 40 14 10.0
Total 140 100

Source : Primary Data

The table no.1 shows the age details of the respondents. It shows that 12.9

percent of the respondents are below the age category of 25 years, 77.1 percent of the

respondents are in the age category of 25-40 years and 10 percent of the respondents

are in the age category of above 40 years.
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Table No.2

Occupation details of the respondents

Occupation Frequency Percentage
Employee 53 379
Business 9 6.4
Professional 32 22.8
Others 46 32.9
Total 140 100

Source : Primary Data

The table no.2 shows the occupation details of the respondents. It shows that
37.9 percent of the respondents are employees, 6.4 percent of the respondents are
involved in business activities, 22.8 percent of the respondents are professionals and

32.9 percent of the respondents are having other occupations. .

Table No.3
Reasons for selecting a particular bank by the respondents
Reason Frequency Percentage
Good services 88 62.9
Secured services 30 21.4
Cheaper service charges 22 15.7
Total 140 100

Source : Primary Data

The table no.3 shows the reasons for selecting a particular bank by the
respondents . It shows that 62.9 percent of the respondents had opted for good
services, 21.4 percent of the respondents had opted for secured services and 15.7

percent of the respondents had opted for cheaper service charges .
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Table No.4
Core services availing at the banking organizations

Core services Frequency Percentage
Electronic Funds Transfer 57 40.7
ATM 35 25.0
Realization of cheques 32 22.9
Other services 16 11.4
Total 140 100

Source : Primary Data

The table no.4 shows core services availing at the banking organizations . It
shows that 40.7 percent of the respondents had stated electronic funds transfer, 25
percent of the respondents had stated ATM services, 22.9 percent of the respondents
had stated realization of cheques and 11.4 percent of the respondents had stated other

reasons.

Table No.5
Opinion of the respondents on the adequacy of staff in the banking organization
Opinion Frequency Percentage
Yes 102 72.9
No 38 27.1
Total 140 100

Source : Primary Data

The table no.5 shows the opinion of the respondents on the adequacy of staff
in the banking organizations. . It shows that 72.9 percent of the respondents had
opined that there is adequate staff in the banking organizations and 27.1 percent of

the respondents had disagreed with this statement.
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Opinion of the respondents on the quality of customer services

offered by the banks
Opinion Frequency Percentage
Poor 17 12.1
Average 39 279
Good 56 40.0
Very good 28 20.0
Total 140 100

Source : Primary Data

The table no.6 shows the opinion of the respondents on the quality of customer

services offered by the banks . It shows that 12.1 percent of the respondents had

opined that the quality of customer services offered by the banks are poor, 27.9

percent of the respondents had opined that they are average, 40 percent of the

respondents had opined that they are good and 20 percent of the respondents had

stated that they are very good.

Table No.7

Opinion of the customers on the reasonable comforts available at the banking

organizations
Opinion Frequency Percentage
Superior 31 22.1
Average 39 279
Good 70 50.0
Total 140 100

Source : Primary Data

The table no.7 shows the opinion of the respondents on the availability of

reasonable comforts at the banking organizations . It shows that 22.1 percent of the

respondents had opined that they comforts available are superior, 27.9 percent of the

respondents had opined that they are average and 50 percent of the respondents had

opined that they are good.
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Table No.8

Opinion of the customers on the factors that influence them to select the banking

organizations
Opinion Frequency Percentage
Reputation 37 26.4
Nearness 41 29.3
Commercial utility 39 27.9
Friends advice 23 16.4
Total 140 100

Source : Primary Data

The table no.8 shows the opinion of the respondents on the factors that
influence them to select the banking organizations . It shows that 26.1 percent of the
respondents had opined that the reputation is the main factor that influences them,
29.3 percent of the respondents had opined that nearness of the banking organization
is the main factor, 27.9 percent of the respondents had opined that commercial utility
is the main factor and 16.4 percent of the respondents had opined that friends advice
is the main factor that influences them to select banking organizations.

Table No.9

Opinion of the customers on the redressal mechanism provided by the banking

organizations
Opinion Frequency Percentage
Poor 10 7.1
Average 49 35.0
Good 47 33.6
Very good 34 24.3
Total 140 100

Source : Primary Data

The table no.9 shows the opinion of the respondents on the redressal
mechanism provided by the banking organizations. It shows that 7.1 percent of the
respondents had opined that the redressal mechanism is poor, 35 percent of the
respondents had opined that the redressal mechanism is average, 33.6 percent of the
respondents had opined that the redressal mechanism is good and 24.3 percent of the

respondents had stated very good.
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Verification of Hypothesis- Hol
Hol :

There exists no significant association between the environmental
forces that influences the selection of bank and customers level of

interaction with regard to redressal mechanism
Test applied : Pearson Coefficient of Correlation
Table No.10

Association between the environmental forces that influences the selection of the

bank and the customers level of interaction with regard to redressal mechanism

Level of
interaction
Environmental
Factors Sum with regard
forces
to redressal
mechanism
Pearson
_ 1 0.426** 0.318**
Correlation
Sum i i
Sig.(2 tailed) - 0.000 0.004
N 140 140 140
Pearson
_ 0.426** 1 0.278*
Environmental Correlation
forces Sig.(2 tailed) 0.000 - 0.014
N 140 140 140
Level of Pearson
0.318** 0.278%* 1
interaction with Correlation
regard to Sig.(2 tailed) 0.004 0.014 -
redressal
) N 140 140 140
mechanism
Source : Computed

*Significant at 0.05 level of significance

** significant at 0.01 level of significance
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The table No.10 shows the association between the environmental forces that
influences the selection of the bank and the customers level of interaction with regard
to redressal mechanism. It shows that the correlation between the factors that
influences the customers to select a bank is found to be 0.426 and it lies in between

the range of + 0.25 to +0.75 range and it denotes a moderate positive correlation.

The table further shows that the correlation between the factors that influences
the customers to select a bank and level of interaction with regard to redressal
mechanism is found to be 0.318 and it shows lies in between the range of + 0.25 to

+0.75 range and it denotes a moderate positive correlation.

MAJOR FINDINGS

e The result shows that majority of the respondents are in the age category of

25-40 years.

e The result shows that majority of the respondents are employees by their

occupation.

e The result shows that majority of the respondents had selected a particular

bank by basing on the reason for good services.

e The result shows that majority of the respondents had stated electronic funds
transfer and ATM services as the main core services availing at their

respective banking organizations.

e The result shows that majority of the respondents had opined that there is

adequate staff in the banking organizations.

e The result shows that majority of the respondents had opined that the quality

of customer services offered by the banks is good.
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e The result shows that majority of the respondents had opined that the

availability of reasonable comforts at the banking organizations is good.

e The result shows that majority of the respondents had opined that nearness
and commercial utility of the banking organization are the main factors that

influence them to select the banking organizations.

e The result shows that majority of the respondents had opined that the

redressal mechanism provided by the banking organization is average.

e The pearson correlation test result shows that the variables are found to be
statistically significant at 0.05 and 0.01 level of significance. Hence, the
proposed null hypothesis (Hol) is rejected. Thus, it can be inferred that there
exists a significant association between the environmental forces that
influences the selection of bank and customers level of interaction with regard

to redressal mechanism.

e The pearson correlation test result shows that the degree of association

between all the variables denotes a moderate positive correlation.

CONCLUSION AND SUGGESTIONS

The present study examined the perception levels of the customers towards
the core banking services offered by the selected public and private sector banking
organizations. The study had analyzed the satisfaction levels of the customers
towards the core banking services offered by the selected banking organizations and it
further measures the degree of association between the environmental forces that
influences the selection of bank and the customers level of interaction with regard to

redressal mechanism .

The study concludes that majority of the respondents had opined that there is
adequate staff in the banking organizations and the quality of customer services
offered by the banks is good. The study further depicts that the availability of

reasonable comforts at the banking organizations is good and the study concludes

Volume XIII, Issue 1l, FEBRUARY/2024 Page No : 901



Mukt Shabd Journal ISSN NO : 2347-3150

that there exists a significant association between the environmental forces that
influences the selection of bank and customers level of interaction with regard to

redressal mechanism.

It is suggested that both the public and private sector banking organizations
shall ensure qualitative services at competitive low prices and the customers
preferential choices are to be given due importance and priority. The banking
branches are to be increased to a greater extent with adequate employee availability
and the customers are to be educated and trained towards the advancing approaches
of banking in order to technically and academically equip the customers to keep in

pace with the modern banking services.

REFERENCES

e Ahmed K. and Choudhury T. A. (2015). Linking Service Quality, Customer

Satisfaction, and Behavioral Intention, Journal of Care Marketing, 5-17.

e Chakravarty, (2014). The Role of Price Perceptions in an Integrated Model of
Behavioral Intention, Journal of Service Research, (3), 232-240.

e Joshua A J, V Moli, P. Koshi (2018) , faculty , department of marketing ,
EIILM, Affiliated to vidyasagar university , India and dr. Rajib Kumar das
2018, faculty, department of economics EIILM affiliated to vidyasagar
university , India. Customer’s motivation towards banking: a case study of

HDFC bank in Kolkata, ISBN: 978-93-86171-94-8.

e Mohammad et al (2022). Department of Management Studies, amity global
business school , A Study on Customer perception towards banking sector,
Journal of Entrepreneurship and Organizational Management 5: 178.

doi:10.4172/2169-026X.1000178

e Ravichandran et al (2023), Digitalization in Banking Sector, International
Journal of Research and Analytical Reviews, E-ISSN 2348-1269, P- ISSN
2349-5138.

Volume XIII, Issue 1l, FEBRUARY/2024 Page No : 902



GOVERNMENT DEGREE COLLEGE : KOVVUR : E.G.Dt.

Academic & Administrative Audit : 2023-2024

Format-11 (Institutional Data Cum Academic Advisor's Grading)
I1I-RESEARCH, INNOVATIONS AND EXTENSION

D. Extension Activities



1.Date of activity : 14-06-2023

2.Activity details : WORLD BLOOD DONORS DAY
3.No.of Volunteers participated : 60

4.No of other participants : 65

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

The World Blood Donors Day celebrations at Government Degree College were a resounding
success, thanks to the concerted efforts of the NSS Unit. The event, organized with meticulous
planning and dedication, saw an array of activities aimed at raising awareness about the importance
of blood donation. Guests, including blood bank technicians from CHC Kovvur, graced the occasion,
sharing valuable insights and experiences. Through informative sessions and interactive workshops,
students were educated about the significance of regular blood donation in saving lives. The event
culminated in a blood donation camp, where students enthusiastically participated, contributing to
the noble cause. The collaborative efforts of the college community and the expertise shared by the
esteemed guests made the celebrations truly impactful, leaving a lasting impression on all involved.
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1.Date of activity : 26-06-2023

2.Activity details : INTERNATIONAL DAY AGAINEST DRUG ABUSE
3.No.of Volunteers participated : 60

4.No of other participants : 300

5.Guest participated in the activity : DSP & other Police Officials
6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

The International Day Against Drug Abuse rally, held in collaboration with the local police
department at Government Degree College Kovvur, is a powerful demonstration of
community solidarity against substance abuse. Led by college students, faculty, and law
enforcement officers, the rally traverses through the streets of Kovvur, raising awareness
about the detrimental effects of drug abuse on individuals and society. Banners, posters, and
slogans advocate for a drug-free community, emphasizing the importance of prevention,
rehabilitation, and support services for those affected by addiction.

Signature of PO Signature of Principal
Name of Program Officer College Name
Lecturer in English Location: Kovvur
Date Date:




1.Date of activity : 10-08-2023

2.Activity details : MERI MATTI MERI DESH

3.No.of Volunteers participated : 40

4.No of other participants : 70

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :

7.Brief note on Activity :

As part of Meri Matti Mera Desh campaign 75 saplings were collected from the forest

department and planted in the college premises.
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1.Date of activity : 12-08-2023

2.Activity detalils : AKMA ACTIVITIES

3.No.of Volunteers participated : 70

4.No of other participants : 40

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :

7.Brief note on Activity :

The Government Degree College organized a series of engaging activities to commemorate
Aazadi Ka Amrut Mahotsav, celebrating India's 75 years of independence. Among the activities were
essay writing competitions, elocution contests, and various games and sports events. These activities
aimed to encourage students to reflect on the significance of freedom, democracy, and national
unity. Essay writing competitions provided a platform for students to express their thoughts and
insights on India's journey towards independence and its relevance in contemporary times. Elocution
contests allowed students to articulate their perspectives on the sacrifices made by our freedom
fighters and the values they embody. Additionally, games and sports events promoted teamwork,
discipline, and a sense of camaraderie among participants, fostering a spirit of national pride and
unity. Through these diverse activities, the college community came together to honor the legacy of
our freedom struggle and recommit to the ideals of a free and democratic India.
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1.Date of activity :12-9-2023
2.Activity details :5K Red Run
3.No.of Volunteers participated : 20
4.No of other participants : 60
5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :

7.Brief note on Activity :The 5K Red Run Marathon on AIDS awareness, held in Rajahmundry
and organized in collaboration with other students from Government Degree College,
becomes a powerful platform to spread awareness about HIV/AIDS in the local community.
Participants, clad in red attire symbolizing solidarity, embark on the marathon route, not only
promoting physical fitness but also advocating for HIV prevention, treatment, and
destigmatization. With the esteemed presence of Dr. Madhavi Latha, the District Collector, as
the chief guest, the event gains significant momentum, emphasizing the importance of
governmental support and community engagement in the fight against HIV/AIDS.
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1.Date of activity :24-9-2023

2.Activity details : NSS DAY CELEBRATIONS
3.No.of Volunteers participated : 65

4.No of other participants : 45
5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

On NSS Day, the Government Degree College in Kovvur reverberated with the spirit of service and
community as it celebrated the invaluable contributions of its NSS volunteers. The day was marked
by a series of events dedicated to recognizing the dedication and hard work of these volunteers in
serving society selflessly. Among the highlights was the felicitation ceremony honoring the best NSS
volunteers who had exhibited outstanding commitment to various social causes throughout the year.
Their tireless efforts in organizing camps, conducting awareness programs, and actively participating
in community service projects were applauded and rewarded. The event not only celebrated their
achievements but also inspired others to join hands in making a positive impact on society. It was a
testament to the college's commitment to nurturing socially responsible citizens and fostering a
culture of service and empathy among its students.
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1.Date of activity : 25-11-2023
2.Activity details: Blood Donation Camp
3.No.of Volunteers participated : 40
4.No of other participants : 80

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

The NSS volunteers of Government Degree College Kovvuru showcased their altruism by
actively participating in a blood donation camp organized in the Campus many commendable
students from the college generously donated blood, while NSS volunteers provided invaluable
assistance to the medical staff from C.H.C Kovvuru and the Red Cross Society. NSS Programme Officer

S. Madar Saheb and the volunteers exemplified compassion by distributing fruits to both blood

donors and underprivileged patients at the blood donation event. Such noble initiatives not only

contribute to the well-being of the community but also reflect the spirit of service ingrained in the

ethos of the college and its students.
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1.Date of activity:01-12--2023
2.Activity details: NATIONAL AIDS DAY CELEBRATIONS AND RALLY

3.No.of Volunteers participated : 60

4.No of other participants : 110

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :

7.Brief note on Activity :

Government Degree College Kovvur, in collaboration with the Community Health Centre
Kovvur and several other educational institutions, orchestrated a powerful AIDS Day rally aimed at
raising awareness and promoting prevention measures against HIV/AIDS. The event drew
participation from students, faculty members, healthcare professionals, and members of the local
community. The rally served as a platform to educate people about the importance of HIV/AIDS
awareness, dispel myths and misconceptions surrounding the disease, and encourage individuals to
prioritize their sexual health.

Through this collaborative effort, Government Degree College Kovvur and its partners underscored
the significance of collective action in combating the spread of HIV/AIDS. The rally featured
informative sessions, interactive activities, and engaging discussions on topics such as safe sex
practices, the importance of regular testing, and destigmatizing HIV/AIDS. By fostering partnerships
with the Community Health Centre Kovvur and other educational institutions, the college
demonstrated its commitment to addressing public health challenges and promoting a culture of
health and well-being within the community. This collaborative initiative not only raised awareness
about HIV/AIDS but also empowered individuals to take proactive steps towards prevention and care.
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2.Activity details: VOTER AWARENESS AND ENROLLEMENT
3.No.of Volunteers participated : 40

4.No of other participants : 80

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

At Government Degree College in Kovvur, fostering voter awareness and civic engagement is
a priority, demonstrated through active collaboration with the Revenue Department Kovvur. The
college, in partnership with the department, organized a series of initiatives under the Systematic
Voters' Education and Electoral Participation (SVEEP) program. Staff and students alike actively
participated in these efforts, which included voter awareness campaigns, workshops on the
importance of voting, and facilitating voter registration for eligible students. Through these
endeavors, the college aimed to instill a sense of responsibility and participation in the democratic
process among its students, empowering them to exercise their right to vote and contribute to the
nation's democratic fabric. The collaborative efforts underscored the college's commitment to
nurturing informed and engaged citizens who play an active role in shaping the future of the country.
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1.Date of activity: 25-01-2024

2.Activity details: NATIONAL VOTERS DAY
3.No.of Volunteers participated : 40

4.No of other participants : 80

5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity :

The NSS unit, in collaboration with the Department of Political Science, orchestrated a mock
election, designed to impart comprehensive knowledge about the electoral process to students.
With the aim of educating students from inception to culmination, the event covered various aspects
such as voter registration, the historical context of voting, insights into the polling process, and
proficient ballot casting techniques utilizing diverse voting systems prevalent in India. Through this
experiential learning opportunity, students gained practical understanding and proficiency in
exercising their democratic rights, preparing them to become informed and engaged citizens in the
democratic fabric of the nation. Such initiatives not only foster civic responsibility but also promote
active participation in shaping the future of the country.
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1.Date of activity:22-02-2024
2.Activity details: SVEEP

3.No.of Volunteers participated : 40
4.No of other participants : 80
5.Guest participated in the activity :

6.Photographs, Press Clippings/News paperpublications :
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7.Brief note on Activity
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SVEEP (Systematic Voters’ Education and Electoral Participation) initiatives held at
Government Degree College Kovvur are pivotal in promoting democratic engagement and
voter awareness among students. Through interactive workshops, awareness campaigns, and
voter registration drives, the college community is empowered with the knowledge and tools
necessary to participate actively in the electoral process. These initiatives, often conducted in
collaboration with election authorities, aim to instill a sense of civic duty and responsibility,
encouraging students to exercise their right to vote and contribute to shaping the nation's
future. By fostering a culture of informed citizenship, SVEEP initiatives at Government Degree
College Kovvur play a crucial role in strengthening democracy and promoting inclusive

participation in the electoral process.
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Memorandum ol Understanding (MoU)
(Non- Commercial & Academic purpose)

Ior

Student Exchange Programme

Between

Government Degree College, Kovvur

Government College( Autonomous)
Rajamahendravaram




MEMORANDUM OF UNDERSTANDING
Between Government Degree College, Kovvur
and
Government Autonomous College, Rajamahendravaram

Parties.

This Memorandum of Understanding (hereinafter referred to as “MOU”) is
made and entered into by and between the

a) Department of Botany
Government Degree College, Kovvur
East Godavari District

and

b) Department of Botany
Government Autonomous College,

near “Y”” Junction,
Rajamahendravaram, E.G.Dist.

Purpose.

The purpose of this MOU is to expose the undergraduate students to
diversified intellectual abilities.

Term of MOU.

This MOU is effective upon the day and date signed and will be executed by
the parties from February 2023 and shall remain in full force and effect for not
longer than 2 Years. This MOU may be terminated, without cause, by either
party upon two months written notice, which shall be delivered by hand or by
certified mail to the address listed above.

Responsibilities of parties.

e The colleges entered into MoU shall exchange the students as per the
schedule as resolved in the meeting held on 1 Feb 2023 in the
Department of Botany of Government Autonomous College,
Rajamahendravaram.

e The incharges of the Department shall be the liaison between the
parties.



e The respective college administration shall take the responsibility of
students during their stay period in the college and the attendance of
the students shall be marked for record.

e The departments shall take care of the academic instructions as per the
timetable scheduled for the purpose.

5. Signatures.

In witness whereof, the parties to this MOU through their duly authorized
representatives have executed this MOU on the days and dates set out below.
and certify that they have read. understood. and agreed to the terms and
conditions of this MOU as set forth herein.

The effective date of this MOLU is the date of the signature last affixed to this page.

1. Department of Botany

Government Degree College. Kovvur

2. Department of Botany

Government College (Autonomous)
Rajamahedravaram
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Dr. M. Bhupathi Rayalu
M. Sc, PhD,

Date: _ * Professor in Bolany
ovt. D tege, KOVWUR- WG st 534 350
\ A # - Wof - )
" "R Y | ‘ \‘, v 2 \e ‘\
Lecturer In-Charga |0 >
DEPARTMENT OF BOTAN"
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MEMORANDUM OF UNDERSTANDING
Between
Government Degree College, Kovvur &
Sri Lakshmi Mushrooms, Rajahmahendravaram

1. Parties:

DEPARTMENT OF BOATNY
GOVERNMENT DEGREE COLLEGE

KOVVUR, E.G.Dist. — 534 350.

&
SRI LAKSHMI MUSHROOMS
Hukumpet

RAJAHMAHENDRAVARAM, E.G.Dt.

[ ]

Purpose:

It is agreed to have mutually beneficial activities between the two
organizations. The college will be able to impart quality education to the
students by exposing them to the allied areas for the value addition to the
topics prescribed in the syllabus and providing opportunity to the students to

learn new techniques which are involved; it may help for self employment.

The external department also can utilize the services of the college
faculty and students in conducting its extension programmes. Both the

organizations came to an understanding on the following activities.

3. Terms of MOU:

v This MOU is effective upon the day and date signed and will be executed
by the parties from January, 2023 and remains in full force and eftect for
not longer than THREE years.

v" This MOU may be terminated, without cause, by either party upon two
months written notice.

4. Responsibilities of the parties:

o Exchange of resource persons for the expert lectures.
o Assist the students while doing their project work / field work
concerned.

e Utilization of student and faculty services at the mushroom cultivation
site.



5. Signatures:
In witness whereof, the parties to this MOU through their duly

authorized representatives have executed this MOU on the days and dates set
out below, and certify that they have read. understood, and agreed to the terms

and conditions of this MOU as set forth herein.

The effective date of this MOU is the date of the signature last affixed
to this page.

1. Government Degree College, Kovvur, E.G.Dt. . , ve .
Prof. J. Suneetha, PRINCIPAL J——— L~
PRINCIPAL
Date: GOVERNMENT DEGREE COLLEGE
2. Sri Lakshmi Mushrooms, Rajahmahendravaram KOVVUR, E.G.Dt.

Smt. K. Sri Lakshmi w o
Date: 3¢ |n
LAl\bHM Mx&fk]ob\:

TTTL RAJAHMUNDRY
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Betwee:\ Government Degree Colleges, Avanigadda and Goverment Degree College,

Kovvur

1.P
This Memorandum of Understanding (hereinafter referred to as “MOU" is made and

M by and between the -

Mnt of English,
t Degree College,

Am Krishna District
b) w of English,

Degree College,
l Godavari District

And

;
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2 Purpose:

The purpose of this MOU is to promote and enr

ich teaching and learning process of
the faculty of Party 1 and for the quality instructions for théParty 2.

3 Term of MOU:

This MOU s effective upon the day and date signed and will be executed by the

parties shall remain In full force and effect for not longer than 5 years. This MOU may
be terminated, without cause, by either party upon two months written notice, which
notice shall be delivered by hand or by certified mail to the address listed above.

4, Responsibilities of Parties :

« The faculty and students of Party 1 will teach/train the facuity and students of

Party 2, so as to enrich the teaching experience of faculty and learning
experience of students of the Party 2.

The Party 2 may request some of the faculty or students of Party 1 to address
the faculty or students of Party ; 2

Mere participation of faculty and students of Party 1 in teaching the faulty and

students of Party 2 according to this MOU does not carry any right or any legal

entitiement to demand for placement with Party 2.

« The Colleges shall entrust a faculty member in their respective colleges to
liaison between the parties.

5. Signatures:

In witness whereof, the parties
representatives have

and certify that they

to this MOU through their duly authorized
executed this MOU on the days and dates set out below,
have read, understood, and agreed t

o the terms and
Conditions of this MOU as set forth herein.
The effective date of this MOU is the date of the signature last affixed to this
page.
= ,e,\.(’:_L«_;__

a) Department of English,

D 2 r--._____‘\\-. -ﬁ.
Government Degree College, 48 W "wﬂllﬂ
Avanigadda, Krishna District > W-M

AVANIGADOA, e B STILIL

b) Department of English,
Government Degree College,

’ ool \‘EQ‘Q
¥ ( gy VR
Kovvur, West Godavari District ~~ :

PRINCIPAL
GOVERNMENT DEGREE COLLEGE

Page 2 of 2
KOVVUR, E.G.DL
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Academic collaboration

Between

SGA GOVT DEGREE COLLEGE(A), YELLAMNCHILI

and

GOVERNMENT DEGREE COLLEGE, KOVVURU

ding is entered on the 14™'Day of May, 2024into by and betweenSGA GOVT

The Memorandum of Understan -
DEGREE COLLEGE . YELLAMNCHILI and GOVERNMENT DEGREE COLLEGE, KOVVURU agree that cooperation

in all academic collaborations and Student and Faculty exchange would be mutually beneficial. The areas of
cooperation may include, subject to mutual consent, any desirable and feasible activity that would further the

coals of cach institution. Such interaction may include cooperation in a variety of joint academic and

educational activities such as:
e Faculty and student exchanges
e Staff Professional Development Programmes
¢ Collaborative conferences, workshops, and training programmes
¢ Team taught courses, invited talks including online courses and

e Visits by faculty, supporting staff and students
The parties anticipate that a number of these initiatives will occur during the period of this

collaboration. However, neither party is obliged to agree any minimum number of activities, nor is this
collaboration intended to preclude either party from entering into similar agreements with other institutions.

This letter of collaboration shall be identified as the parent document of any programme agreement
executed between the parties. Further, agreements concerning any programme shall provide details
concerning the specific commitments made by each party and shall not become effective until they have
been reduced to writing, executed by the duly authorized representatives of the parties.

We agreed upon activities, both institutions will make available their facilities and staff. This
collaboration will take effect on and will be valid for five (5) Years from the date noted in the first line of
this document unless terminated by one of the parties. Either party may withdraw from this agreement
provided written notification of the withdrawal is given to the other party at least three months prior to the
desired with withdrawal date. This collaboration may be renewed for another period of Five (5) Years upon

mutual written consent of the parties before the expiration date. Each institution will have copies of this

agreement.

f)

TC 9.4/t s

T LS PRINCIPAL
. Principal GOVERNMENT DEGREE COtLEGE
5.G.A. Govt. Degree College KOVVUR, E.G.Dt

Yellamanchili-531 055
Anakapalli District. (A.P)



The below mentioned Departments of the both colleges will be played active role in conducting

various programs and events.

1. English

Hindi

Telugu
Commerce
Mathematics
Zoology

Botany
Chemistry

9. Computer Science
10. Economics

11. History
12. Physical Education

13. Library
The following authorized individuals have signed the present collaboration on behalf of their

90'\)9\-“‘.“5&(\:

respective institutions.

F[RSTPARTQ SECOND PARTY
Signature: U Signature: ffﬁ_,_ﬁ—\) 570
Principal | (| ""7 r-'HINCIPAL i
GOVERNMENT DEGREE COLLEGE

5.G.A. Govt. Degree College
KOVVUR, E.G.Dt.

Yellamanchili-531 055
A=alranall Dictripe 7
Name: DR. P.CHANDRA SEKHAR Name: Dr. JONNAKUTI. SUNITHA
PRINCIPAL
GOVT. DEGREE COLLEGE.

PRINCIPAL
SGA GOVERNMENT DEGREE
COLLEGE(A), KOVVURU, EAST GODAVARI
YELLAMNCHILILI
Witness Name: Witness Name:
DR. KARRI SUDHA DR.V. KANCHANA MALA
INCHARGE, DEPT. OF HINDI INCHARGE, DEPT. OF HINDI,
SGA GOVERNMENT DEGREE GOVT. DEGREE COLLEGE.
COLLEGE(A),
YELLAMNCHILI. KOVVURU

bk MQ/L
o= Signature: V\AW
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