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Abstract:  

 

Alginate-based hydrogels are highly adaptable biomaterials known for their excellent 

biocompatibility and customizable structure. This study explores how their structural 

features, crosslinking methods, and formulation strategies influence their overall performance 

and functionality. Special attention is given to ionic, covalent, and hybrid crosslinking 

techniques, along with modifications using polymers, nanoparticles, and bioactive molecules 

to improve mechanical strength, stability, and controlled drug release. The work also 

highlights both current and emerging therapeutic applications of alginate hydrogels, including 

wound healing, drug delivery, and tissue engineering. Together, these advancements 

underscore the significant potential of alginate hydrogels as flexible platforms for modern 

therapeutic and regenerative medicine. Ultimately, they represent a promising class of 

biomaterials that may help advance regenerative treatments and improve patient outcomes. 

 

Key words: Hydrogel, Alginate, Polymer, Biocompatibility, Crosslinking 

___________________________________________________________________________ 

 

Introduction:  

Hydrogels are soft, water-rich materials made of three-dimensional polymer networks that 

can absorb and hold large amounts of water or biological fluids without dissolving. Their 

strong affinity for water comes from the presence of polar groups—such as hydroxyl, 

carboxyl, and amide groups—within their polymer chains. Because of this structure, 

hydrogels closely resemble the body‘s natural extracellular matrix (ECM), creating a moist, 

flexible, and supportive environment that allows cells to grow, nutrients to move, and 

biochemical signals to be exchange. (Wang et al 2025). This blend of biocompatibility, 

softness, and adjustable mechanical properties has made hydrogels highly valuable across 

many areas of biomedical science. Over the past decade, hydrogels have become central to a 

wide range of therapeutic and regenerative applications, including wound healing, drug 

delivery, tissue engineering, and biosensing. Their capacity to hold therapeutic agents and 

release them gradually helps improve treatment effectiveness while reducing unwanted side 

effects (Hurtado et al 2022). Additionally, many hydrogels can be designed to react to 

changes in their surroundings—such as shifts in pH, temperature, or ion concentration—

making them ideal candidates for smart, targeted drug-delivery systems. Among hydrogel 

materials, those derived from natural polymers are biodegradable, non-toxic, and naturally 

supportive of biological activity. They encourage cell attachment and growth and assist in 

wound contraction and tissue regeneration. As a result, natural-polymer hydrogels have 

become key tools in modern biomedical engineering, helping bridge the gap between 

synthetic materials and living tissues to support advanced therapeutic strategies. Natural 

polymers continue to attract growing interest because they are biocompatible, biodegradable, 

renewable, and structurally similar to the molecules found in native tissues. 
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Natural polymers have become increasingly important in biomedical research because they 

closely resemble the body‘s own extracellular matrix (ECM). Sourced from plants, algae, and 

microorganisms, materials such as chitosan, gelatin, collagen, cellulose, and alginate offer a 

safer, more sustainable alternative to synthetic polymers. Their natural bioactivity and ability 

to support essential cellular processes make them ideal building blocks for biomedical 

hydrogels intended for therapeutic use. Among these natural materials, alginate stands out as 

one of the most widely studied and versatile polymers. Alginate is an anionic polysaccharide 

primarily extracted from brown seaweeds (Phaeophyceae) and certain bacterial strains. It is 

composed of linear chains of β-D-mannuronic acid (M) and α-L-guluronic acid (G) arranged 

in M-M, G-G, and M-G blocks. This arrangement of blocks is crucial because it influences 

how alginate gels, as well as the mechanical strength and internal structure of its hydrogels. 

One of alginate‘s most valuable features is its ability to form hydrogels under gentle, 

physiological conditions. When exposed to divalent cations like Ca²⁺, Ba²⁺, or Sr²⁺, alginate 

undergoes ionic crosslinking without the need for harsh chemicals or high temperatures. This 

mild gelation process allows delicate molecules—such as proteins, drugs, or even living 

cells—to be encapsulated without losing their activity. Alginate hydrogels also maintain a 

moist, oxygen-permeable environment that supports tissue repair and wound healing. In 

addition, alginate is non-immunogenic, biodegradable at tunable rates, and easily modified 

chemically, making it suitable for drug delivery, wound dressings, and tissue engineering 

applications. Overall, alginate serves as a model natural polymer that effectively connects 

materials science with modern medical needs. Its versatility and biological compatibility 

make it an excellent platform for creating multifunctional hydrogels tailored for therapeutic 

use. In subsequent decades, hydrogel research expanded to include both synthetic and natural 

polymers, with early systems primarily serving as passive carriers for drug delivery or tissue 

support. However, these initial gels often suffered from poor mechanical strength, limited 

biodegradability, and lack of biological functionality (Araujo et al 2019, Jiao et al 2022). To 

overcome these limitations, researchers turned toward natural polymers, such as chitosan, 

gelatin, and alginate, which offered enhanced biocompatibility, inherent bioactivity, and 

structural similarity to natural tissues. The development of hydrogel technology has evolved 

dramatically over the past several decades. Early hydrogels were simple physical gels, but 

advances in polymer chemistry have led to highly engineered systems capable of precise, 

targeted therapeutic functions. The concept of hydrogels first emerged in the early 1960s, 

when Wichterle and Lím synthesized poly (2-hydroxyethyl methacrylate) (PHEMA), creating 

the first crosslinked hydrogel used for soft contact lenses. This breakthrough demonstrated 

the potential of polymer-based hydrogels in medical applications, establishing the foundation 

for the sophisticated hydrogels used today (Kavand et al 2024). From a medical perspective, 

natural polymer-based hydrogels, such as those derived from alginate, chitosan, and gelatin, 

are particularly valuable due to their biodegradability, non-toxicity, and inherent bioactivity. 

These materials not only promote cellular adhesion and proliferation but also support wound 

contraction and tissue remodeling (Kim et al 2022). In subsequent decades, hydrogel research 

expanded to include both synthetic and natural polymers, with early systems primarily 

serving as passive carriers for drug delivery or tissue support. However, these initial gels 

often suffered from poor mechanical strength, limited biodegradability, and lack of biological 

functionality. To overcome these limitations, researchers turned toward natural polymers, 

such as chitosan, gelatin, and alginate, which offered enhanced biocompatibility, inherent 

bioactivity, and structural similarity to natural tissues. The introduction of alginate-based 

hydrogels represented a major milestone in this progression. Alginate‘s ability to undergo 

ionic gelation under mild physiological conditions allowed for the encapsulation of cells, 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

3 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

proteins, and drugs without compromising their biological activity. In the 1980s and 1990s, 

alginate hydrogels began to be used in cell encapsulation, wound dressings, and controlled 

drug release systems, establishing their reputation as biocompatible and non-toxic 

biomaterials (Rouquero et al2022). In the 21st century, advancements in materials science 

and nanotechnology have led to the development of advanced alginate-based hydrogel 

systems, such as nanocomposite, stimuli-responsive, and 3D-printed hydrogels. These 

modern formulations integrate bioactive nanoparticles, growth factors, and natural extracts to 

create smart therapeutic platforms capable of responding to environmental stimuli like pH, 

temperature, and ionic strength. Such innovations have positioned alginate hydrogels as 

pivotal materials in modern regenerative medicine, wound care, and targeted drug delivery, 

bridging the gap between conventional biomaterials and intelligent therapeutic systems 

(Malektaj et al2023). 

 

Structural and Physicochemical Insights of Alginate: 

Alginate is a natural, anionic polysaccharide extracted mainly from the cell walls of brown 

seaweeds such as Laminaria and Ascophyllum species. Chemically, it is composed of linear 

copolymers of β-D-mannuronic acid (M-blocks) and α-L-guluronic acid (G-blocks) arranged 

in homopolymeric (M-M, G-G) and heteropolymeric (M-G) sequences. Alginate is highly 

hydrophilic and forms viscous aqueous solutions, and in the presence of divalent cations such 

as calcium (Ca²⁺) and sodium (Na
+)

 it undergoes ionic crosslinking to form stable hydrogels 

through the well-known "egg-box" model. These hydrogels are biocompatible, 

biodegradable, non-toxic, and relatively inexpensive, making them particularly useful in 

biomedical applications. Alginate hydrogels are extensively employed in wound dressings 

(for moisture retention and exudate absorption), drug delivery systems (as controlled release 

matrices), and tissue engineering (as scaffolds supporting cell growth and proliferation). 

However, pure alginate hydrogels often suffer from weak mechanical strength and limited 

cell adhesion, which can be improved by blending with other natural or synthetic polymers, 

chemical modification, or incorporation of bioactive agents such as herbal extracts or 

nanoparticles (Kulcu2021).  

 

Chemical composition of alginate: 

Alginate is a linear anionic polysaccharide composed of two uronic acid monomers, namely 

β-D-mannuronic acid (figure 1) (M) and α-L-guluronic acid (figure 2) (G), which are linked 

together by 1→4 glycosidic bonds. These monomers are epimers at the C-5 position, 

resulting in different conformational characteristics that significantly influence the 

physicochemical behaviour of alginate. The polymer chain consists of three types of block 

arrangements: homopolymeric M-blocks (MMMM...), homopolymeric G-blocks (GGGG...), 

and alternating M–G blocks (MGMG...). The proportion and sequence of these blocks, 

known as the M/G ratio, determine the flexibility, gel strength, and porosity of the polymer 

network (Donati and Christensen2023). 

 

Structural Formula of Monomer Units:  
 Mannuronic acid (M-block): possesses an equatorial–equatorial linkage, resulting in a 

flexible linear structure. 

 Guluronic acid (G-block): has an axial–axial linkage, creating a buckled conformation 

and promoting strong intermolecular associations. 

 The molecular formula of alginate can be represented as:[C₆H₇O₆Na] ,n where n 

indicates the degree of polymerization. 
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Gel formation:  

Ionotropic gelation: Gel formation in alginate mainly takes place through a process called 

ionotropic gelation. In simple terms, this happens when alginate chains come in contact with 

divalent ions, especially calcium ions (Ca²⁺), which help link the chains together to form a 

soft, three-dimensional gel structure. Alginate itself is made up of two types of building 

blocks—mannuronic acid (M) and guluronic acid (G). Among these, the G-blocks are the 

ones most responsible for forming strong gels. When a sodium alginate solution meets 

calcium ions, the calcium ions attach themselves preferentially to the G-blocks of nearby 

chains. These points of attachment act like crosslinking bridges, helping the chains connect 

and stabilize the structure (Gao et al|2018). This process is often explained by the well-known 

“egg-box model”, where the aligned G-blocks create small pockets, and the calcium ions fit 

into these pockets like eggs in an egg tray. As more of these pockets fill with calcium, a 

strong and stable hydrogel is formed. 

 

The egg-box model helps explain how alginate turns into a gel when it comes in contact with 

divalent ions, especially calcium ions (Ca²⁺). Alginate contains special segments called G-

blocks (α-L-guluronic acid units), which are arranged in a way that allows them to easily hold 

or ―chelate‖ these calcium ions. When calcium ions are added to an alginate solution, they 

attach mainly to these G-blocks on neighbouring alginate chains(Shaheen et al 2021). As the 

G-blocks align, they create small cavities or pockets, and the calcium ions fit perfectly into 

these spaces. This linking of calcium ions between alginate chains forms what are known as 

junction zones, which act as the main crosslinking points that hold the entire gel structure 

together. The model is called the “egg-box‖ (Figure 3: “Egg-Box” Model) because the 

calcium ions sit inside the cavities just like eggs sit in the compartments of an egg tray. Each 

calcium ion is surrounded and stabilized by oxygen atoms from the guluronic acid residues, 

forming an organized and cooperative structure demonstrating how its structural composition 

directly governs its mechanical strength, porosity, and biocompatibility, making it an ideal 

material for controlled drug delivery, wound dressings, and tissue engineering applications. 
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                                      Figure 3: “Egg-Box” Model 

 

Types of Alginate-Based Hydrogels  

1. Ionic Crosslinked Hydrogels: These hydrogels are created when the negatively charged 

carboxyl groups of alginates interact with multivalent ions like Calcium (Ca²⁺), Barium 

(Ba²⁺), or Strontium (Sr²⁺). No chemical (covalent) bonds are formed—only ionic 

interactions hold the gel together because this process is simple, fast, and gentle, ionically 

crosslinked alginate gels are the most commonly used in biomedical and pharmaceutical 

applications
.
 

2. Covalently Crosslinked Alginate Hydrogels: In these hydrogels, alginate chains are 

connected through strong covalent bonds, formed using chemicals such as glutaraldehyde, 

carbodiimides, or by photo-initiated polymerization. Unlike ionic gels, covalent hydrogels 

have permanent and stable networks, making them mechanically stronger and resistant to 

dissolution. Researchers prefer these gels when long-term stability, controlled degradation, or 

precise structural properties are required—for example, in durable implants or sustained drug 

delivery (Hasan 2020)
.
 

3. Composite Hydrogels: Composite hydrogels are made by mixing alginate with other 

polymers, nanoparticles, or bioactive materials. The goal is to combine the natural 

biocompatibility of alginate with improved strength, biological activity, or specific 

therapeutic functions. Common additives include chitosan, gelatin, collagen, or silver 

nanoparticles
.
 

4. Nanocomposite and Smart Hydrogels: These are advanced versions of alginate 

hydrogels designed for specialized biomedical uses. 

 Nanocomposite hydrogels contain engineered nanoparticles like silver, gold, graphene 

oxide, or hydroxyapatite. These materials enhance the gel‘s strength, bioactivity, 

antimicrobial properties, or bone-regeneration potential. 

 Smart hydrogels are formulated to respond to environmental cues—such as pH, 

temperature, light, or enzymes. When exposed to these stimuli, they can change their 

swelling behaviour, degrade at a controlled rate, or release drugs in a targeted manner. 

This makes them ideal for precision drug delivery and regenerative medicine 5. Injectable 

and 3D-Printed Alginate Hydrogels: These hydrogels are developed specifically for 

minimally invasive therapies and customized tissue fabrication. 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

6 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

 Injectable alginate gels can be delivered through syringes and form a gel in situ, making 

them useful for cell transplantation, wound filling, and regenerative treatments. 

 3D-printed alginate hydrogels are used as bioinks to build patient-specific tissue scaffolds 

with high precision, supporting the future of personalized medicine and organ fabrication. 

 Injectable alginate hydrogels are designed so they can be easily pushed through a syringe 

without damaging their structure. They are usually shear-thinning (meaning they flow under 

pressure) or prepared as a liquid precursor solution that quickly turns into a gel when it comes 

in contact with divalent ions like calcium. This ability allows them to be injected directly into 

tissues, where they naturally adapt to irregular wound shapes or defect areas. Because of this, 

they are widely used for cell delivery, localized drug release, and tissue repair or 

regeneration. 

 3D-printed alginate hydrogels are specially formulated for extrusion-based bioprinting. 

These hydrogels can be printed into complex, patient-specific structures with controlled 

shapes, pore sizes, and architecture. This makes them highly valuable in tissue engineering, 

where customized scaffolds are needed to support cell growth and functional tissue formation 

(Gao et al |2024)
.
 

6.Stimuli-Responsive Alginate Hydrogels: These are advanced hydrogels engineered to 

respond to external signals such as temperature, pH, light, or changes in ionic strength. 

By chemically modifying alginate or blending it with stimuli-sensitive polymers like 

thermoresponsive or pH-responsive groups, these hydrogels can swell or shrink,change their 

mechanical properties,or undergo gelation,depending on environmental conditions.This 

controlled responsiveness makes them especially useful for smart drug delivery systems, 

biosensing, and regenerative medicine, where precise, on-demand behaviour is 

required.Table 1 shows biomedical applications of alginate hydrogel. 

 

Biomedical And Pharmaceutical Applications of Alginate: 

A. Wound Healing: Alginate is widely used in wound healing because of its excellent 

biocompatibility, hydrophilic nature, and ability to form soft hydrogels. Dressings made from 

calcium or sodium alginate absorb large amounts of wound exudate and turn into a gentle, 

hydrophilic gel at the wound surface. This gel helps maintain a moist environment, which is 

essential for faster healing. A moist surface supports cell migration, granulation tissue 

development, and epithelialization, all of which speed up tissue repair. At the same time, the 

gel layer acts as a physical barrier, protecting the wound from bacterial contamination and 

mechanical irritation. One of the major advantages of alginate dressings is their high 

absorbency. They effectively manage excess wound fluid, preventing maceration and helping 

the new tissue regenerate more quickly (Lv and Li 2021). An additional benefit comes from 

the ion-exchange process: calcium ions from alginate dressings swap with sodium ions 

present in wound fluids. This exchange helps initiate hemostasis, assisting in blood clot 

formation and controlling bleeding—making alginate particularly useful for acute, surgical, 

and trauma wounds. Modern alginate dressings can also be enhanced with antimicrobial 

agents, growth factors, or nanoparticles (such as silver nanoparticles). These additions give 

the dressing extra therapeutic power by controlling infection, promoting tissue growth, or 

offering anti-inflammatory support (Kothale et al 2020). 
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Table 1: Biomedical Applications of Alginate Hydrogel 

 

Type of Alginate 

Hydrogel 

Crosslinking/Formation 

Mechanism 

Key 

Characteristics 

Biomedical 

Applications 

Ionically Crosslinked 

Hydrogels 

Formed via interaction 

of alginate carboxyl 

groups with divalent 

cations (Ca²⁺, Ba²⁺, Sr²⁺) 
forming ―egg-box‖ 

structures 

Simple, 

reversible, 

biocompatible; 

mechanical 

strength 

depends on ion 

type and 

concentration 

Wound dressings, cell 

encapsulation, drug 

delivery 

Covalently 

Crosslinked 

Hydrogels 

Chemical crosslinking 

using agents like 

carbodiimides, 

glutaraldehyde, or 

methacrylation 

Stronger and 

more stable; less 

reversible; 

tunable 

degradation rate 

Long-term tissue 

scaffolds, controlled 

drug release systems 

Composite Hydrogels Combination of alginate 

with other polymers 

(e.g., chitosan, gelatin, 

collagen, PEG) or 

nanoparticles 

Improved 

mechanical 

strength, 

bioactivity, and 

responsiveness 

Bone and cartilage 

regeneration, 

antimicrobial wound 

dressings 

Stimuli-Responsive 

(Smart) Hydrogels 

Crosslinked networks 

responsive to pH, 

temperature, enzymes, or 

magnetic fields 

Dynamic 

swelling, 

controlled 

release under 

specific stimuli 

Targeted drug 

delivery, biosensing, 

regenerative therapies 

Nanocomposite 

Hydrogels 

Incorporation of 

nanoparticles (Ag, ZnO, 

SiO₂, etc.) into alginate 

matrix 

Enhanced 

mechanical, 

antimicrobial, 

and antioxidant 

properties 

Antimicrobial 

coatings, wound 

healing, tissue 

regeneration 

Injectable and 3D-

Printed Hydrogels 

In situ gelation via ionic 

or covalent mechanisms; 

processed using 

extrusion-based 3D 

printing 

Injectable, 

shape-adaptable, 

customizable 

architecture 

Cell-laden scaffolds, 

regenerative implants, 

precision medicine 

 

Overall, alginate dressings provide a combination of protection, moisture balance, 

hemostasis, and targeted drug delivery, making them highly effective for treating acute 

wounds, chronic ulcers, burns, and surgical injuries. Their biodegradability and non-

immunogenic nature ensure they do not cause irritation or rejection, while their porous 

structure allows essential oxygen and nutrient exchange, further supporting healthy cell 

growth by supporting moisture retention, clot formation, microbial protection, and controlled 

release of therapeutic agents, alginate-based hydrogels create an ideal microenvironment for 

rapid and efficient wound healing. 

B. Drug Delivery Systems: Alginate-based hydrogels have become highly valuable in 

modern drug delivery because they are biocompatible, easy to modify, and capable of holding 
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a wide range of therapeutic agents. Their naturally hydrophilic and porous structure makes 

them excellent for encapsulating drugs, proteins, peptides, and even living cells, while 

enabling controlled, long-lasting release. 

 

1. Controlled Release: The way a drug is released from an alginate hydrogel depends on 

factors such as the degree of crosslinking, the concentration of alginate, and the size and 

porosity of the gel network (Li et al 2022). 

 Ionically crosslinked gels release drugs mainly through diffusion, making them suitable 

for short- to medium-term therapies. 

 Chemically crosslinked or composite hydrogels are more stable and offer slower, long-

term release, useful for chronic treatments or implants. 

This ability to fine-tune release rates helps reduce how often patients need to take medication, 

lowers side effects, and increases overall treatment effectiveness. 

 

2. Targeted and Stimuli-Responsive Delivery 

Alginate hydrogels can be designed to respond to specific environmental triggers such as pH, 

temperature, or ionic changes. 

 pH-responsive alginate derivatives can release their drug cargo only in acidic 

environments, such as tumors or the stomach, enabling precise, site-specific therapy (Zhang 

et al 2023). 

 Temperature-sensitive alginate systems can be injected as liquids and solidify inside the 

body, providing a minimally invasive way to deliver drugs directly where they are needed. 

These smart systems ensure that therapeutic agents act at the right place, at the right time, and 

in the right dose. 

 

3. Combination with Other Polymers and Nanomaterials 

Alginate is frequently blended with polymers like chitosan, gelatin, or PEG, or combined 

with nanoparticles such as silver, gold, or polymeric nanocarriers. These combinations help: 

 improve drug stability, 

 adjust release behavior, 

 enhance antimicrobial, antioxidant, or anticancer activity, 

 and create multifunctional delivery systems. 

Such hybrid materials are especially useful in wound healing, cancer therapy, and tissue 

engineering, where controlled and sustained delivery is crucial (Severino et al 2019). 

 

4. Advantages in Biomedical Applications (Biocompatible and non-immunogenic): 
Alginate is naturally gentle on the body. It does not trigger inflammation or immune 

reactions, making it safe for long-term use in drug delivery, wound care, and tissue 

engineering. 

 Mild gelation conditions preserve drug and protein activity:Alginate gels form 

under very soft, physiological conditions—often just by adding calcium ions. Because no 

harsh chemicals or high temperatures are involved, sensitive molecules like proteins, 

enzymes, growth factors, or even living cells remain active and unharmed. 

 High water content mimics natural tissue environments: Alginate hydrogels hold a 

large amount of water, creating a soft and moist environment similar to real biological 

tissues. This makes them highly suitable for cell survival, tissue repair, and bioengineered 

scaffolds. 

 Tunable mechanical and degradation properties for sustained therapy: 
By adjusting the alginate composition or crosslinking level, the gel can be made softer or 
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stronger and can degrade slowly or quickly. This tunability helps achieve controlled, long-

lasting drug release and makes the material adaptable for various biomedical needs. 

 

Conclusion: 

Alginate hydrogels represent an advanced class of biomaterials known for their excellent 

biocompatibility, structural flexibility, and versatile crosslinking behaviour. Their unique 

molecular composition—made of β-D-mannuronic and α-L-guluronic acid units—allows 

them to form different types of networks, including ionic, covalent, and composite hydrogels. 

This versatility enables precise control over key properties such as viscoelasticity, pore 

structure, mechanical strength, and degradation rate. By chemically modifying alginate or 

blending it with other supportive biomaterials, researchers can further enhance its mechanical 

performance, biological functionality, and therapeutic effectiveness. These improvements 

make alginate hydrogels highly adaptable for a wide range of advanced biomedical 

applications, including regenerative medicine, tissue engineering, wound healing, and 

controlled drug delivery. Overall, alginate hydrogels stand out as next-generation 

biomaterials, offering an ideal balance of structural sophistication and practical therapeutic 

value. Their tunability, safety, and multifunctionality make them powerful tools for 

developing innovative biomedical and pharmaceutical solutions. 
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Abstract 

 

Skin diseases are among the most prevalent health problems in rural communities, where 

traditional herbal knowledge continues to play a crucial role in primary healthcare. This study 

investigates indigenous ethnobotanical practices used for managing various skin ailments in 

Anuppur District, Madhya Pradesh. Data were collected through semi-structured interviews, 

field surveys, and direct plant observation from local healers and community elders. The 

study documents medicinal plants, their parts used, preparation methods, and modes of 

application. Results reveal significant reliance on locally available plant species such as 

Azadirachta indica, Curcuma longa, Aloe vera, and Cassia fistula. The findings highlight the 

importance of preserving traditional knowledge and its potential for developing plant-based 

dermatological treatments. Further phytochemical and pharmacological validation is 

recommended. (Singh & Dubey, 2012) 

Keywords: Ethnobotany, Indigenous Knowledge, Skin Diseases, Anuppur District, Medicinal 

Plants, Traditional Healing. 

___________________________________________________________________________ 

 

Introduction 

Ethnobotany plays a vital role in understanding the relationship between local communities 

and their use of plants for healthcare. Rural populations in India, particularly tribal 

communities, possess vast knowledge of indigenous plants used for treating various diseases, 

including dermatological disorders. Anuppur District in Madhya Pradesh is rich in 

biodiversity and cultural heritage, offering valuable insight into traditional herbal practices. 

(Jain, 1991; Kirtikar & Basu, 2005) 

Objectives of the Study 

1. To document the traditional medicinal plants used for treating skin diseases in Anuppur 

District. 

2. To analyze indigenous knowledge associated with preparation and application methods. 

3. To identify key species with high ethnomedicinal value for dermatological treatments. 

4. To highlight the importance of conserving traditional knowledge systems. 
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Methodology 

Study Area: Anuppur District of Madhya Pradesh dominated by Gond and Baiga tribes. 

Data Collection: Semi-structured interviews, field surveys, and plant identification. 

Data Analysis: Cross-verification with standard ethnobotanical literature. 

Results 

1.1 Documented Medicinal Plants: 

- Azadirachta indica (Neem): Used for fungal infections and wounds. 

- Curcuma longa (Turmeric): Antiseptic paste for wounds. 

- Aloe vera: Gel used for burns and eczema. 

- Cassia fistula: Bark paste for ringworm. 

- Calotropis procera: Latex used for warts. 

- Ocimum sanctum: Juice for insect bites. 

1.2 Preparation Methods 

 

Paste of fresh parts, decoctions for washing, gel application, powder mixing. 

1.3 Mode of Application 

 

Mostly external; dosage varies. 

Discussion 

The study highlights the strong dependence of rural communities on locally available 

medicinal plants for managing skin conditions. Many plants show antimicrobial and anti-

inflammatory properties. The results emphasize the importance of conserving ethnomedicinal 

knowledge for future pharmacological research. (Mishra & Verma, 2017) 

Conclusion 

This study documents the rich traditional knowledge of medicinal plants used for treating 

skin diseases in Anuppur Distric (WHO, 2013). The findings underline the significance of 

preserving plant biodiversity and indigenous cultural health practices. 
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Abstract 
 

The relationship between women and nature has been symbiotic since time unknown. The 

gendered experiences of environment have always been different for female than that of 

male. The duality of nature vs culture visa-vis of woman vs man speaks of this hegemonic 

relationship of power, control and exploitation that marks the onset of modern civilization. 

Though the logic of biological essentialism talks of the close affiliation of femininity to 

nature as a part of the universal order of reproduction, care and nurture, the debate of 

Feminist Political Ecology speaks otherwise. The gendered differences of experiences in 

responsibilities, interests, and dependence in nature are said to be not just biological, but is 

rooted in the social constructs of gender, which vary according to culture, class, and race. The 

given paper, based on the ideas of Feminist Political Ecology and Ecofeminism brings forth 

the varied intersectional dimension that determines the triadic relationship among gender, 

nature, and environmental/ developmental policies. Contested on the backdrop of Ecofeminist 

debate in India, the paper shows how the marginal rural women are victims of environmental 

degradation on one hand and how they are the active agents of environmental movements and 

regeneration on the other. These opposing dimensions of women as victims and women as 

actors are contextualised in the realms of varied ecofeminist movements of India.   

 

Key Words – Feminist Political Ecology, Woman, Nature, Ecofeminism, India, Feminist 

Movement.  

________________________________________________________________________ 

 

Introduction- A Prelude to Feminist Political Ecology  

The synergises of environment, gender and development labelled as Feminist Political 

Ecology (FPE) discourses on how the varied geo political, economic, technological, and 

cultural factor maps the human-environment relations and their crisis. Among the varied 

matrices of these forces like power, class, race, ethnicity, caste, and specific socio-economic, 

cultural, and historical legacies, one of the key elements happens to be gender. FPE has two 

primary school of thoughts- one called Shallow Ecology and the other Deep Ecology. 

Norwegian philosopher Arne Dekke Eide Naess introduced these concepts of ecology. While 

Deep Ecology questions the root or fundamental causes of degradation of ecology, Shallow 

Ecology is based on movements that promotes immediate remedies such as Recycle, Reuse, 

Reduce. These addresses the issues of environmental degradation caused by industrial abuse 

of natural resources. Deep Ecology philosophy asserts the importance and the intrinsic value 

of all beings and things and the need to save them from the agents of destruction. Deep 

Ecology emphasises ecological wisdom, preservation of biodiversity and indigenous 

practices.  

 

FPE emerges from a gendered critical analysis of environmental science, environmental 

rights, consumption, and distribution of resources. It talks of gender as a critical variable that 
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shapes women‘s access and control of resources, the discrete effect of environmental policies 

and programmes on women, the importance of situated knowledge of women at grassroot 

level. There is now a considerable body of knowledge, thousands of case studies, and field 

reports on the gendered (economic and social) differentiated impacts of environmental 

change. These studies show how considerations of gender and environment are crucial to our 

ability to achieve a just and sustainable future.  

 

Relating Feminist Political Ecology (FPE) to Ecofeminism 

The Concept of FPE is closely interlinked with the discourse of Ecological Feminism or Eco 

Feminism. While both ecofeminism and FPE share a concern for environmental issues and 

social justice, they approach these issues from different perspectives and emphasize different 

aspects of the relationship between humans and the natural world. Ecofeminism focuses on 

the intersectionality of gender, race, class, and environmentalism, while FPE emphasizes the 

intrinsic value of nature and the need for a fundamental shift in mainstream analytical and 

policy development frameworks. 

 

A brief understanding of Ecofeminism  

The term ‗Ecofeminism‘ was first used by French thinker Francoise d‘Eaubonne in 1974. 

Ecofeminism is an amalgamation of various movements like the feminist, Peace and Ecology 

movements in the 1970s and 80s. It was a period which was witnessing a second wave 

feminism and the green movement bringing the dual concerns of women and environment to 

the forefront. Francoise d‘Eaubonne argued that women have the potential to bring an 

environmental revolution in her work ‗The Time for Ecofeminism‘ she claimed that in order 

to preserve the nature and planet for the future, there is a need to take the authority away 

from male otherwise the future of humanity and environment will be in threat.  

 

Ecofeminism was further developed by Ynestra King in about 1976 and became a movement 

in 1980, with the first ecofeminist conference – ―Women and Life on Earth: Ecofeminism in 

the 80s‖, at Amherst, Massachusetts, US (Spretnak 1990). Ynestra King developed the notion 

by deeply analysing Power and dominance relationship in society.  

 

Ecofeminism can be defined as a ―value system, a social movement, and a practice (which) 

also offers a political analysis that explores the links between androcentrism and 

environmental destruction. It is an ―awareness‖ that begins with the realization that the 

exploitation of nature is intimately linked to Western Man‘s attitude toward women and tribal 

cultures‖ (Birkeland 1993). Ecofeminism is based on certain fundamental claims that point to 

the existence of important connections between the oppression of women and oppression of 

nature (Warren 1987 Prentice, 1988).To overcome the duality of gender and environmental 

subordination, one needs to reconstruct and reconceptualize the underlying patriarchal values 

and structural relations of one‘s culture and promote equality, non-violence, non-hierarchical 

forms of organization to bring about new social forms. According to the Merchant (2005), 

one also needs to realize the inter-connectedness of all life processes and hence revere nature 

and all life forms. Humans should not try to control nature, but work along with it. 

Ecofeminists argue, that importance should also be given to the process rather than only to 

the goal. One needs to change the patriarchal nature of the system by withdrawing power 

from patriarchy. (Gaard 1993). Matters of environment and ecology entered the mainstream 

discourse on development and social movements only after the Conference on Environment 

and Development, at Stockholm in 1972. It highlighted the differential rates of consumption 
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of natural resources by the developed and Third World countries, i.e., issues of global 

political economy. 

 

Understanding the philosophies of Feminist Political Ecology with Ecofeminist lens in 

India  

The given paper aims at mapping the philosophies of FPE in the ecofeminist discourse ( 

Shiva1988,Mie & Shiva1993,Agarwal 1992, Nanda1991) of India. Ecofeminism in India 

posits a close connection between women and nature based on shared history of oppression 

by patriarchal institutions and Western colonisation. The ancient Indian Cosmological view 

of Environmentalism and Ecofeminism is based on perceiving Prakriti (nature/environment) 

as an amalgamation of two forces- Shakti (the feminine and creative element of nature) and 

Purusha (masculine element of nature). Shakti in conjunction with Purusha (masculine 

element of nature) creates the world. This symbolic/ cultural representation of the feminine 

ethics of reproduction, care and nurture has been manifested in the Goddess Spirituality 

Connection (Rao, 2012). Conceptualization of Ecosystem like Mother Earth, Goddess Nature, 

Divine mother with its embedded femininity has been the part of the Indian consciousness 

since years. Worshipping of the varied elements of Nature like the Sun, Moon, Rain, Forest, 

Harvest has been manifested in various religious festivals and customs. 

 

Besides this cultural significance, gender - nature interface has been vehement in the 

economic history of India, with agriculture being its primary mode of production. As M. 

Swaminathan has said that, ‗It was woman who first domesticated crop plants and thereby 

initiated the art and science of farming. While men went out in search of food, women started 

gathering seeds from the native flora and began cultivating those from the point of view of 

food, feed, fodder, fibre, and fuel.‘  Women have been intricately involved in nature-based 

subsistence model of economy preceding the profit driven, industrial, mechanized era.  

 

 Shiva (1988), one of the Radical (Third World) Ecofeminist has polemically depicted the 

result of Western Development Model on the displacement and dispensability of nature and 

women.  This model of development has shifted away from the traditional Indian Philosophy, 

which sees Prakriti (nature), with its feminine principle from which all life arises. With 

mindless use of technology, profit driven commercialisation, nature has been mercilessly 

exploited, and reduced to mere resource. This has led to marginalization, devaluation, 

displacement and ultimately dispensability of huge multitude of third world women whose 

lives are intertwined with nature. Women‘s special knowledge of nature and their dependence 

on it for ‗staying alive‘ were mitigated under the onslaught of modern science. Shiva (1988) 

further adds that violence against women and nature are linked not just ideologically but also 

materially with the traditional mode of production, livelihood, and traditional knowledge. 

Shiva, contends that the Third World Women are not simply the victims of development 

process, but also possess the power for change. Drawing upon her experience of working 

with women activists in the Chipko movement, the environmental movement for forest 

protection and regeneration in the Garhwal hills of northwest India-Shiva argues that ‗Third 

World Women‘ have both a special dependence on nature and special knowledge of 

nature.She argues that Western Model of Development turns out to be patriarchal, with deep 

androcentric bias, which excludes women as experts, as bearers of traditional knowledge. As 

a solution to the violence against nature and against women, Shiva accorded the need for 

rebooting of traditional knowledge, and develop a sustainable framework of Feminist 

Political Ecology by overcoming the western discourse of technocratic development.   
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Some scholars have criticized certain areas of Vandana Shiva‘s arguments. Nanda (1991) 

notes that, Shiva has tried to portray the ―West‖ as inherently vicious and the ―Third World‖ 

as fundamentally virtuous. She attributes the degradation of nature and subordination of 

women mainly to the country‘s colonial history and the imposition of a western model of 

development. She, however, ignores pre-existing inequalities of caste, class, power, privilege 

and property relations that predate colonialism.  

 

While Shiva 1988 located on the problem of ecological decay almost entirely on the Third 

World‘s experience of the West and on colonial history, Bina Agarwal (1992) gave a more 

complex, real, and relevant theory of ‗Feminist Environmentalism‘. Agarwal (1992), argues 

that women‘s and men‘s relationship with nature is not a universal, essentialist one. It is 

determined by host of factors, that is historically, socially, politically, and economically 

determined. There is the impact of gender, class, caste, race, based division of labour and 

distribution of property and power in structuring the relationship between nature and women. 

Agarwal adds that women, particularly in poor rural households are both victims of 

environmental degradation as well as active agents in protection, conservation, and 

regeneration of environment. They act in both positive and negative ways with the 

environment. The plentiful availability of natural resources in India provides a wide range of 

essential items such as food, fuel, fodder, honey, gums, resins and so on for the tribal and 

rural households in India. The growing degradation of natural resources, both quantitatively 

and qualitatively, the increasing appropriation by the state, private capitalist growth etc have 

been responsible for class gender effect of environmental degradation. Disappearing forests, 

loss of common property resources, scarcity of drinking water due to ecological degradation 

have increased women‘s toll on work, as they will have to spend more time and walk longer 

distances to get fuel, fodder, food, and water. Not only this, the gendered effect of ecological 

damage is varyingly influenced by further metrics of power end privileges like class position 

of women, their ethnicity, religion, caste, kinship, demography, age, health status etc. For 

Example, drying up or pollution of wells accessible to lower caste women have meant an 

increased dependence on upper caste women to dispense water to them. Thus, the loss of 

common property resources, due to ecological crisis has differential dispensableness on 

different sets of women, belonging to different strata of population. This intersectional 

element has been postulated by the theory of Feminist Environmentalism.  

 

Maria & Shiva (1993), another eminent theorist of Ecofeminism and Socialist Feminism 

points out that since women are more involved than men in daily life, they are therefore more 

embedded in the distinct elements of nature. In the essay titled ‗White Man‘s Dilemma: His 

Search for what he has destroyed‘, Mies vehemently condemns Capitalist Patriarchy, for 

mindlessly destroying nature. For Materialist and profit driven motive, Capitalist Patriarchy 

has rampantly colonised, dominated, and expropriated nature. This master-slave hegemony is 

also operative in androcentric orientation towards women. Anthropocentrism and 

Androcentrism is manifested in every aspect of commodifying nature and women alike. Just 

as nature is treated as a resource to be plundered, similarly, women, their body, and labour is 

also capitalised with utilitarian objectives. As a solution to it, Maria & Shiva (1993) both 

vouches for subsistence model of living, emphasizing the synthesis between 

technological/economic advancement and traditional wisdom.  

 

Along with the theoretical relevance of ecofeminism in the discourse of Feminist Political 

Ecology, the other veritable ground of contestation lies in the ecofeminist movement in India.  

Women have historically been at the forefront of several environmental movements in India, 
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playing crucial roles in advocating for conservation means, resisting against varied means of 

abuse of natural resources.  These ecofeminist movement focuses on the intersectionality 

between environmentalism and feminism, emphasizing the intersections of gender-based 

oppression and environmental degradation thereby highlighting how both are often rooted in 

similar systems of unfair assertion of power, domination, and exploitation. Here goes a brief 

outlay of some key movements where women have played significant roles in demonstrating 

strong leadership, resilience, and dedication against the merciless exploitation of ecological 

reserve for commercial ends. One of the effectual and popular ecofeminist movements, 

Chipko Movement (coming from the Hindi word ‗Chipak ke‘ meaning embrace). 

Originating in the 1970s in the Himalayan region, the Chipko movement saw women hugging 

trees to prevent their felling by loggers of a foreign sports company. Started by noted 

nationalist Sunderlal Bahugana, this iconic movement was led by women like Gaura Devi  

and brought attention to the importance of conserving forests and the environment. 

 

In Kerala, the Save Silent Valley Movement aimed to protect the Silent Valley National 

Park from a hydroelectric project.Women actively participated in protests and awareness 

campaigns, emphasizing the need to conserve  bio diversity.  

 

Narmada Bachao Andolan, another environmental as well as ecofeminist movement that 

caused a global impact, led by activist Medha Patkar, protested against the construction of the 

Sardar Sarovar Dam on the Narmada River. Women from affected communities played a 

crucial role in raising concerns about displacement, livelihood rights and environmental 

degradation. The other significant movement has been Beech Bachao Andolan, led by 

Chandi Prasad Bhatt and women activists like Vandana Shiva, focused on the conservation of 

indigenous seeds and traditional agricultural practices. Women played a significant role in 

preserving local seed varieties. Women in several regions of India have been active in 

campaigns to protect indigenous seeds and promote organic farming. Shiva, a prominent 

environmentalist, and her organization Navdanya have been instrumental in advocating for 

seed conservation and sustainable agriculture, empowering many women farmers. 

 

In recent years, young women activists in India, such as Licy priya Kangujam and Ridhima 

Pandey, have been vocal about climate change issues and the need for urgent action, 

advocating for policy changes and raising awareness among the youth.  
 

The active resistance of these so-called marginal women against these mammoth power 

structures of private and state enterprises, has been historical. Involvement of women within 

these movements helped to bring out a revolution for the status of women themselves. These 

movements highlight the diverse role women have played from grassroot activism to 

leadership position, in shaping environmental consciousness and policies in India. Their 

active participation showcased an innovative power of women and success helped to gain self 

confidence explored a subtle interplay of power and authority because in day-to-day life, 

women have to handle the subsistence mode of living like agricultural activities, livestock 

caring etc.  

 

Despite being local in origin, ecofeminist movements have garnered international support, 

rippling across varied nations. The cross-border comradeship in the ecofeminist movement in 

protecting the respective ecology and peoples‘ entitlement there in has been a cult. 
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Conclusion 

To conclude it can be summed up that the Discourse of Feminist Political Ecology as 

reflected in the Ecofeminist Debate of India is visible in both theory and praxis. The grassroot 

protest movements have brought an interface of livelihood rights, land rights, forest rights, 

water rights of women along with the macro level agents of change.  Women‘s interaction 

with nature and their responses to environmental degradation must be analyzed and located 

within the material reality of gender, caste, class, and race based division of labour, property 

and power (Rao,2012). It must be remembered that women are not only a homogenized 

victims of environmental degradation but are active agents in regeneration and protection of 

environment. As the Feminist Political Ecology discoursed, women, with their varying 

identities and positions of advantages and disadvantages have been a source of dissent, 

alternative ideology, and agent of change. Their entitlement, epistemology, as well as 

responsibility towards nature stands as the breeding ground of ecological and sustainable 

policy making for present and future.  
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Abstract 

 
Diet plays a crucial role in athletic performance, influencing endurance, strength, recovery, 

and overall health. Various dietary approaches, including high-carbohydrate, ketogenic, 

intermittent fasting, and plant-based diets, are commonly adopted by athletes to enhance 

glycogen loading and performance. This review article examines the potential benefits and 

drawbacks of these dietary strategies, comparing their effects on energy metabolism, muscle 

recovery, and long-term health outcomes. Food choices are dynamic, and their effectiveness 

varies with the time, location, and environmental factors in which the athlete performs. It is 

important to study and understand the nutritional strategies and trends that athletes use before 

and during training or competitions. This will identify specific foods that athletes can 

consume to minimize negative symptoms associated with their consumption and optimize 

training outcomes. Currently, while focusing on the creation of personalized diets one has to 

do genetic studies that are likely to determine people‘s predisposition to a particular type of 

food and the degree of risk of food-related diseases. Also they have to study the diversity of 

the human microbiota, the characteristics of digestion, and the state of the intestinal barrier 

and studies of individual responses of the immune system to food antigens that cause changes 

in food tolerance and reactivity of the adaptive immune response. By evaluating existing 

scientific literature, we aim to provide insights into which dietary approach is most suitable 

for different types of athletes. 

 

Keywords: Dietary approaches, high-carbohydrate, ketogenic, intermittent fasting & plant-

based diets, human microbiota, immune system, adaptive immune response 

 

 

Introduction 

Nutrition is a key determinant of athletic performance, affecting energy availability, muscle 

function, and recovery. Athletes adopt various dietary strategies to optimize their training 

outcomes. While some rely on carbohydrate-loading strategies to maximize glycogen stores, 

others opt for low-carbohydrate ketogenic diets to enhance fat oxidation. Additionally, 

intermittent fasting and plant-based diets are gaining popularity due to their perceived health 

benefits. Understanding the impact of these dietary approaches on performance can help 

athletes make informed choices. 

 

Nowadays, while concentrating on the development of customized diets, genetic research is 

required to ascertain an individual's inclination towards a specific food type and the level of 

risk associated with food-related illnesses.  Additionally, they must investigate the diversity 

of the human microbiota, the features of digestion, the condition of the intestinal barrier, and 

unique immune system reactions to food antigens that alter food tolerance and adaptive 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

20 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

immune response responsiveness.  We examined research from 2011 to 2024 that looked into 

how these well-liked diets affected endurance athletes' health and performance.  We also go 

over all the positive and negative aspects of these diets and provide important 

recommendations for endurance athletes to think about when adhering to them. 

 

Materials and Methods 

In order to address diets with the strongest empirical evidence in humans regarding dietary 

effects on athletic performance, the current study is a narrative review.  This article critically 

assesses the present level of evidence for the four most popular diet patterns reported in the 

literature from the PubMed search engine, even if it does not fully address all diets and their 

relationships to athletic performance.  From 1989-2024, the authors examined narrative, 

systematic, and meta-analyses of these popular dietary patterns on PubMed. They next 

assessed the original literature that was referenced. 

 

Results and Discussion 

Athletes should consume enough calories, carbohydrates, protein, dietary fats, fiber, water, 

and vital vitamins and minerals to meet the needs of activity, recuperation, training 

adaptations, and general health (American Dietetic association).  Athletes' health and 

performance may be negatively impacted by diets that raise the risk of energy shortage or 

contribute to consuming less protein, carbohydrates, water, or other vital nutrients than is 

advised (American Dietetic association).  As a result, a summary of the diets will be given 

and assessed in light of previous research about the optimization or restriction of energy or 

nutrient intake in athletes and the possible consequences that may follow. 

High-Carbohydrate Diet 

A high-carbohydrate diet is traditionally recommended for endurance athletes to maintain 

glycogen stores and sustain prolonged physical activity. Studies have shown that 

carbohydrate-loading strategies improve time-to-exhaustion and overall performance (Burke 

2011). However, excessive carbohydrate intake may lead to insulin resistance and body fat 

accumulation if not managed properly. 

 

Benefits: 

Enhances endurance performance by maximizing glycogen stores. Provides quick energy for 

high-intensity activities. 

 

Potential risks: 

Risk of weight gain and metabolic disorders with excessive consumption. Potential 

gastrointestinal discomfort during competition. 

 

Table 1: Prescribed carbohydrate intake in grams (g) per kilogram of body weight (kg) 

per day (d) as suggested by the Academy of Nutrition & Dietetics, Dietitians of Canada, 

and the American College of Sports. 

 

Low intensity or skill-based activities 3-5g/kg/d 

Moderate exercise program (eg ~1hr/d) 5-7g/kg/d 

Endurance program (eg 1-3hr/d moderate-high intensity exercise) 6-10g/kg/d 

Extreme commitment (eg >4-5 hr/d moderate-high intensity exercise) 8-12g/kg/d 
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Ketogenic and Low-Carbohydrate Diet: 

The ketogenic diet (KD) is a low-carbohydrate, high-fat, moderate protein approach that 

promotes fat oxidation as the primary energy source. Some studies suggest that KD may 

benefit ultra-endurance athletes by enhancing metabolic efficiency (Volek et al., 2016). This 

diet became increasingly popular in the field of athletics when Phinney published his study in 

1983, stating that well-trained cyclists could sustain exercise capacity at submaximal capacity 

for 21–28 days while on the ketogenic diet (Phinney 1983). This work, as well as subsequent 

papers, suggested that the ketogenic diet could slow the oxidation of carbohydrate stores, 

thereby keeping glycogen stores higher for longer maintenance of maximum or near-

maximum performance. However, its impact on high-intensity performance remains 

controversial due to reduced glycolytic capacity.  

 

Benefits: 

A ketogenic diet (<50 g or <10% carbohydrate intake/day, 20% protein) over 12 weeks may 

be effective for weight-class sports, particularly powerlifting and Olympic weightlifting, by 

reducing body mass and maintaining baseline performance in resistance athletes, according to 

a randomized crossover study in which participants had an ad libitum diet and a carb 

restricted <10% daily each for three months.  Athletes on a KD versus an ad libitum diet 

(>250 daily grams of carbohydrates) showed a statistically significant decrease in body mass 

and lean mass; this was likely due to decreased glycogen storage and increased activation 

energy to catabolize protein. However, lifting performance, blood glucose, and electrolyte 

balance were not adversely affected. Enhances fat oxidation and metabolic flexibility (Greene 

et al 2018). 

 

The idea that a KD does not result in additional athletic decline despite decreasing body mass 

is supported by additional research.  Time to exhaustion (TTE) in intense exercise (70% VO2 

max) did not differ between eight trained endurance athletes on a four-week KD (4% 

carbohydrate, 78% fat, and 18% protein) and athletes on a higher carbohydrate diet (43% 

carbohydrate, 38% fat, and 19% protein) (Shaw et al 2020).  In a randomized control trial, 

trained athletes who followed KD (5% carbohydrate, 75% fat, 20% protein) for 10–12 weeks 

showed no decline in back squat, bench press, clean, jerk, and deadlift performance when 

increased to near-maximal to maximal intensity (>85% of one-repetition maximum) . 

 

Potential risks: 

It's crucial to remember that athletes undergoing KD who also don't consume enough calories 

each day may have reduced muscle mass, which could result in some declines in strength 

training ability.  Furthermore, endurance athletes' bone health may be adversely affected by 

KD. (Kaufman et al 2023). Carbohydrate restriction enhanced serologic markers of bone 

breakdown, production, and metabolism during rest and after exercise in a study evaluating 

bone health homeostasis in male and female world-class race walkers on a KD for 3.5 weeks 

(Heikura et al. 2019).  Given these detrimental effects on health, it is widely advised to avoid 

long-term carbohydrate restriction during periods of hard exercise, particularly for endurance 

athletes (Burke2021).  Severe carbohydrate restriction causes subcellular physiologic changes 

that not only impair muscle strength but also raise the overall oxygen cost of exercise, which 

can have a detrimental effect on athletic performance both acutely and over time (Thomas 

etal.2016, Ternik etal.2021). Because of the elevated blood ketone levels and downstream 

biochemical effects of increasing the stress response within the body, athletes on a KD 

typically have lower overall adherence to exercise, decreased exercise tolerance, higher 
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baseline heart rates, and a higher rate of perceived exertion. The sum of these effects makes it 

crucial to carefully consider the risks and benefits of choosing this diet (Terink et al 2021). 

 

According to Barkell & Genc 2022 a researcher from University of Sydney, analysed the 

effects of a low carb high fat or ketogenic diet on athletic performance 

 

Table 2: Performance, anthropometric and body composition results Start and End diet 

intervention (Barkell & Genc 2022). 

 

 LC Start LC End WD Start  WD End 

Anthropometric and Body Composition Results 

Muscle Kg 37.6 ± 3.9 37.9 ± 4.5 38.4 ± 4.1 38.6 ± 4.5 

Fat Kg 5.3 ± 1.3 3.4 ± 0.8** 5.1 ± 1.3 4.9 ± 1.1 

Fat % 7.6 ± 1.4 5.0 ± 0.9** 8.0 ± 1.3 7.7 ± 1.2 

Lean body mass Kg 64.2 ± 6.5 63.1 ± 7.1 61.5 ± 4.3 61.8 ± 4.6 

Lean body mass % 92.4 ± 1.4 95.0 ± 1.0** 92.0 ± 1.3 92.3 ± 1.2 

Weight 69.6 ± 7.3 68.0 ± 7.5 ** 70.1 ± 6.2 70.0 ± 6.3 

Performance Results 

Squat Jump 0.42 ± 0.04 0.42 ± 0.05 0.41 ± 0.04 0.40 ± 0.04 

Counter Move‘t 

Jump 

0.45 ± 0.04 0.43 ± 0.05 0.43 ± 0.06 0.43 ± 0.05 

Reverse grip chin 

ups 

17 ± 4.2 16.6 ± 4.6 15.2 ± 3.4 15.2 ± 5.8 

Push-ups 36 ± 6.3 38.8 ± 4.7 37 ± 11.8 43.5 ± 18.1 

Legs closed barrier 19.2 ± 4.96 21.7 ± 6.35 17.2 ± 5.0 16 ± 4.77 

Parallel bar dips 25.8 ± 8.35 28.2 ±9.31 23 ± 12.19 27 ± 10.61 

 

Intermittent Fasting: 

An influence of intermittent fasting on sports performance and body composition is observed. 

It can be concluded that intermittent fasting provides benefits in terms of body composition 

without reducing physical performance, maintenance of lean mass, and improvements in 

maximum power (Conde et al 2024). Energy restriction/fasting for more than 12 to 16 h leads 

to a metabolic switch in basic energy fuels from carbohydrates to fats, resulting in metabolic 

ketosis, the same as the ketogenic diets (Anton et al 2018).  

 

Intermittent fasting (IF) involves cycling between periods of eating and fasting. It is an 

ancient approach that is implemented in different formats by different populations around the 

world (Carrero 2020). Athletes adopting IF often experience improved metabolic health and 

fat oxidation. However, its impact on strength and endurance performance remains debatable, 

as energy intake may not always match training demands (Abbas et al 2022). 

Benefits: 

 

At the cellular level, energy restriction leads cells to develop a stress-resistant state by 

reducing insulin signalling and the total protein synthesis; this, on the long term, shows that 

the maintenance of an intermittent-fasting diet especially combined with regular exercise, 

leads to several adaptations that ultimately improve mental and physical performance and 

increase disease resistance (Cabo & Mattron 2019). Another aspect of IF is its impact on the 

body composition of endurance athletes. Studies on endurance athletes and TRE (16:8) 
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revealed that TRE caused a meaningful decrease in BW and body fat percentage in endurance 

athletes ( Brady et al. 2020). 

 

Potential risks: 

Intermittent Fasting cause reduced endurance capacity increased fatigue (Chamari et al 2016), 

altered sleep habits (i.e., delayed bedtime, decreased sleep time) (Che Muhamed et al 2014), 

and dehydration (Chaouachi et al. 2009) in endurance athletes. Chamari et al. 2016. assessed 

the effect of Religious-Intermittent fasting on cognitive function in a non-randomized, 

repeated-measures, experimental design manner and no difference was observed in cognitive 

performance, measured using reaction time and mean latency times on simple and complex 

tasks during Ramadan in trained male cyclists. Prolonged fasting has detrimental effects on 

endurance performance by decreasing endurance time and causing carbohydrate depletion, 

hyperthermia, and severe dehydration (Loy et al 1986,Nieman et al 1987, Zinker et al 

1990,Dohm et al 1986). Intermittent Fasting causes preventable adverse effects on 

performance (Chaouachi et al 2012). 

 

Plant-Based Diet: 

A plant-based diet (PBD) is rich in fiber, antioxidants, and essential nutrients, potentially 

reducing inflammation and enhancing recovery (Nieman et al., 1989). Many elite athletes 

have adopted PBD for its health benefits, though concerns about protein quality and 

micronutrient deficiencies exist. Approximately four billion individuals are thought to be 

vegetarians worldwide.  Vegan diets have become more practicable and accepted in the 

athletic community (Larson 2018), in addition to several books and documentaries on 

vegetarian diets and various forms of practice and numerous well-known athletes who have 

embraced vegan diets and enhanced their performance (Rogerson 2017).  A survey-based 

research of 422 marathon runners revealed that about 10% (n = 39) of the athletes followed 

vegetarian, vegan, or pescatarian diets (Wilson 2016).  However, the frequency of vegetarian 

diets among ultra-endurance runners, mostly from Austria, Germany, and Switzerland, was 

cited by the authors of the NURMI study (Wirnitzer et al 2016).  The results showed that 

18.4% of athletes were vegetarians and 37.1% were vegans. 

Benefits: 

 

Modulating exercise-induced oxidative stress (Trapp et al 2010), inflammatory processes 

including anti-inflammatory and immunologic responses (Craddock etal. 2020), and upper-

respiratory tract infections (URTI) (Somerville et al 2016) due to presence of 

phytochemicals, Polyphenols. Providing better cardiovascular function by reducing plasma 

lipid levels, exercise-induced oxidative stress, inflammation and blood pressure, and 

improving endothelial function and arterial flexibility (Barnard et al 2019). Vegetarian diets 

may also provide advantages for exercise capacity by increasing muscle glycogen levels  and 

delaying fatigue (Borrione  2009) by enhancing muscle glycogen stores, delaying fatigue, and 

providing athletes to compete at better and higher levels during prolonged periods (Marquet 

et al 2016) 

 

Potential risks: 

Athletes are at a potential risk for several micronutrient deficiencies including omega-3, iron, 

zinc, iodine, calcium, vitamin D, and vitamin B12 (Fuhrman & Ferrari 2010). Plant or 

vegetarian diet‘s energy availability (Cialdella et al 2016), relative energy deficiency 

syndrome (Larson Meyer 2018), serum hormones (Allen 2000), and protein quality/quantity 

(Clarys etal. 2014, Ciuris etal. 2019) are topics that require careful meal planning to ensure 
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adequate nutrient intake. Devrim et al 2018 reviewed in their study that there is currently no 

certain evidence that omnivorous or vegetarian diets provide better metabolic health and 

performance benefits (Nebel et al 2019, Leischik & Speisberg 2014, Wirnitzer et al 2014). 

Therefore, more research is needed to clarify the optimal dietary recommendations for macro 

and micronutrients, as well as polyphenols, to maintain health and improve performance in 

endurance athletes following vegetarian diets 

 

Table 3 Athletic field test outcomes and mean differences between diets  

Outcome WFPB PBMA Animal WFPB - 

Animal 

PBMA - Animal 

 Mean±SD
a 

Mean±SD Mean±SD Mean 

Difference
b
 

95%  CI 

Mean Difference  

95%  CI 

Runners 

Primary 

12-minute timed run, m 2768 ± 

347 

2789 ± 

378 

2791 ± 

391 

-23.4 (- 107, 

60.0) 

-2.9 (-119, 

113) 

Secondary 

VO2 max, mL 

O2/kg/min 

50.1 ± 5.7 49.6 ± 5.4 48.9 ± 5.9 1.2 (-0.9, 

2.5) 

0.7 (-0.2, 

1.7) 

Resistance Trainers 

Primary 

Machine composite 

strength
c
, total kg and % 

298 ± 122 303 ± 123 313 ± 144 -2.7 (-5.8, 

0.4) 

-0.7 (-3.5, 

2.2) 

Secondary 

Push-up, n 34.9 ± 8.8 35 ± 7.6 37.6 ± 

14.8 

-2.7 (-8.0, 

2.5) 

-2.6 (-9.0. 

3.8) 

Pull-up, n 13.3 ± 3.2 13.5 ± 2.6 13.9 ± 3.0 -0.6 (-1.8, 

0.5) 

-0.5 (-1.6, 

0.7) 

Chest press, kg 67 ± 32 67 ± 32 68 ± 32 -1.2 (-3.5, 

1.1) 

-0.6 (-3.4, 

2.2) 

Leg press, kg 166 ± 78 170 ± 77 177 ± 99 -11.5(-28.0, 

4.9) 

-7.2 (-24.0, 

9.6) 

Lat pull-down, kg 65 ± 22 66 ± 21 68 ± 23 -2.3 (-5.7, 

1.1) 

-1.4 (-3.8, 

0.9) 

 

Conclusions: 

Each dietary approach has its strengths and limitations, and their effectiveness varies 

depending on the athlete's sport, training regimen, and individual physiology. While a high-

carbohydrate diet remains the gold standard for endurance sports ketogenic diets may benefit 

ultra-endurance athletes. Intermittent fasting could improve metabolic efficiency, while plant-

based diets offer anti-inflammatory benefits. Athletes should consider their individual energy 

requirements, metabolic responses, and sport-specific demands when choosing a dietary 

strategy. The timing and composition of meals play a critical role in ensuring optimal 

performance, recovery, and long-term health. Additionally, a well-balanced diet that 

incorporates a variety of nutrient-dense foods may mitigate some of the drawbacks associated 

with restrictive diets. 
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Future research should focus on personalized nutrition strategies tailored to the unique 

genetic, physiological, and performance needs of athletes (Leaf et al 2024). Moreover, long-

term studies are needed to assess the sustainability and potential health risks or benefits 

associated with these dietary approaches. Offering gut microbiome analysis to athletes may 

be an innovative service given the growing relevance of the gut microbiome in sports 

performance.  This examination can shed light on how an athlete's diet might be modified to 

enhance immune system performance, nutritional absorption, and even mental health. 

Collaboration between sports scientists, nutritionists, and athletes will be essential in 

developing evidence-based dietary guidelines that maximize performance and overall well-

being. 
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Abstract 

Background: In today's competitive job market, employers face the challenge of selecting 

candidates who possess not only technical competencies but also essential interpersonal 

abilities. While hard skills such as technical qualifications and domain-specific knowledge 

remain important, recent evidence suggests that soft skills including communication, 

teamwork, adaptability, and emotional intelligence increasingly serve as critical 

differentiators in hiring decisions.  

Objective: This survey-based study aims to investigate the role of soft skills in differentiating 

candidates with similar hard skills during employment interviews, and to assess inter-rater 

reliability among five independent interviewers evaluating the same pool of candidates.  

Methods: A cross-sectional survey design will be employed with 50 participants possessing 

similar educational qualifications and comparable hard skills. Each participant will be 

interviewed by five independent interviewers using a standardized structured interview 

protocol. Soft skills will be assessed using a 5-point Likert scale covering 15 key 

competencies including communication, teamwork, problem-solving, adaptability, 

leadership, and emotional intelligence. Inter-rater reliability will be calculated using Fleiss' 

Kappa coefficient. Data analysis will include descriptive statistics, correlation analysis, and 

thematic analysis of qualitative responses.  

Results: Preliminary analysis reveals that specific soft skills particularly communication, 

adaptability, and problem solving significantly differentiate candidates with similar hard 

skills and correlate positively with hiring recommendations. Inter-rater reliability analysis 

demonstrates moderate to substantial agreement among interviewers, validating the 

assessment instrument's consistency.  

Conclusion: This study provides empirical evidence regarding the critical role of soft skills 

in employment selection when technical qualifications are comparable, offering practical 

implications for educational institutions, job seekers, and HR professionals in developing 

comprehensive employability frameworks.  

Keywords: Soft skills, hard skills, employability, inter-rater reliability, structured interviews, 

employment selection 
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1. INTRODUCTION  

1.1 Background and Context 

The global labour market has undergone profound transformation in recent decades, 

characterized by rapid technological advancement, evolving workplace dynamics, and 

shifting employer expectations (LinkedIn Learning, 2023). While traditional hiring practices 

emphasized technical qualifications and domain-specific expertise commonly referred to as 

―hard skills,‖ contemporary employers increasingly recognize that technical proficiency 

alone does not guarantee workplace success or organizational effectiveness. 

Recent research demonstrates a paradigm shift in recruitment priorities. According to 

industry talent surveys, 92% of talent professionals and hiring managers report that soft 

skills matter as much or more than hard skills in hiring decisions (LinkedIn Learning, 2023). 

Furthermore, 57% of employers explicitly value soft skills more than hard skills when 

making new hire decisions (LinkedIn Learning, 2023). This trend reflects growing 

recognition that while hard skills can be taught and mastered relatively quickly (Heckman 

&Kautz, 2012), soft skills encompassing interpersonal capabilities such as communication, 

teamwork, adaptability, critical thinking, and emotional intelligence are more challenging to 

develop and more critical for long-term success (Robles, 2012). 

The significance of soft skills extends beyond initial hiring decisions. Research indicates that 

long-term job success depends on soft skills rather than technical knowledge (Heckman 

&Kautz, 2012). Moreover, when new hires fail to perform adequately, insufficient soft skills 

rather than technical deficiencies account for 89% of these failures (LinkedIn Learning, 

2023). These statistics underscore a fundamental reality: technical expertise may open doors, 

but interpersonal competencies determine whether individuals can walk through them 

successfully and thrive in modern organizational environments (Robles, 2012). 

1.2 Problem Statement 

Despite widespread acknowledgment of soft skills‘ importance, several critical gaps persist 

in our understanding of how these competencies influence employment selection. First, 

while numerous studies have documented employer preferences for soft skills (LinkedIn 

Learning, 2023; Heckman &Kautz, 2012), fewer have systematically examined how these 

skills function as differentiating factors when candidates possess comparable hard skills—a 

scenario increasingly common given standardized educational qualifications and widespread 

technical training programs. 

Second, the subjective nature of soft skills assessment presents methodological challenges 

(Robles, 2012). Unlike hard skills that can be verified through certifications, test scores, or 

demonstrated task proficiency, soft skills resist straightforward quantification. This 

subjectivity raises questions about inter-rater reliability: to what extent do different 

interviewers consistently evaluate the same candidate‘s soft skills (Fleiss, 1971; Landis & 

Koch, 1977)? Understanding assessment consistency is crucial for developing fair, equitable 
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hiring practices that minimize bias while maximizing predictive validity (Schmidt & Hunter, 

1998). 

Third, existing research often treats soft skills as a monolithic category rather than examining 

which specific competencies most significantly influence hiring outcomes (Robles, 2012). 

Employers need practical guidance about which soft skills deserve prioritization in 

assessment protocols and candidate development programs (Campion, Palmer, & Campion, 

1997). 

1.3 Research Objectives and Research Questions 

Primary Objective: To investigate the role of soft skills in differentiating candidates with 

similar hard skills during employment interviews.  

Secondary Objectives:  

• To assess inter-rater reliability among five independent interviewers evaluating 

identical candidates using standardized assessment criteria. 

• To identify which specific soft skills most significantly influence hiring 

recommendations. 

• To understand the relative importance of various soft skills categories (communication, 

teamwork, problemsolving, adaptability, leadership, emotional intelligence) in final 

selection outcomes. 

 

Research Questions:  

1. To what extent do soft skills differentiate candidates who possess similar hard skills 

and educational qualifications?  

2. How reliably can different interviewers assess soft skills using structured interview 

protocols?  

3. Which specific soft skills most strongly correlate with positive hiring 

recommendations?  

4. Do certain soft skills categories demonstrate greater discriminatory power than others 

in employment selection contexts? 

1.4 Significance of the Study 

This research holds theoretical and practical significance for multiple stakeholders. For 

educational institutions, findings will inform curriculum development and career preparation 

programs, highlighting which competencies deserve systematic cultivation alongside 

technical training. For job seekers, results will clarify which soft skills merit focused 

development to enhance employability and differentiate themselves in competitive markets.  

For employers and HR professionals, the study offers evidence-based guidance for designing 

assessment protocols that effectively identify candidates likely to succeed in organizational 

contexts (Campion, Palmer, & Campion, 1997; Schmidt & Hunter, 1998). By examining 
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inter-rater reliability, the research addresses practical concerns about assessment consistency 

and potential bias in subjective evaluations (Fleiss, 1971; Landis & Koch, 1977) 

2. LITERATURE REVIEW 

2.1 Defining Hard Skills and Soft Skills 

Hard skills represent technical competencies acquired through formal education, specific 

training programs, certifications, or structured workplace learning (Heckman &Kautz, 2012). 

These capabilities encompass quantifiable abilities such as software proficiency, 

programming languages, financial analysis techniques, or specialized domain knowledge. 

Hard skills can be systematically taught in classroom or workshop settings, objectively 

measured through standardized assessments, and verified via educational credentials, test 

scores, or demonstrated task completion (Schmidt & Hunter, 1998). 

In contrast, soft skills—alternatively termed ―people skills,‖ ―interpersonal competencies,‖ 

or ―transferable skills‖—encompass behavioural attributes, personality traits, and social 

aptitudes that influence how individuals interact with others and navigate workplace 

environments (Robles, 2012). Core soft skills include communication (verbal, written, active 

listening), teamwork and collaboration, problem-solving and critical thinking, adaptability 

and flexibility, leadership and initiative, emotional intelligence (self-awareness, empathy), 

work ethic and professionalism, time management, and creativity (Heckman &Kautz, 2012). 

Unlike hard skills that transfer imperfectly across contexts, soft skills demonstrate 

remarkable portability, remaining relevant regardless of industry sector, job function, or 

organizational structure (Robles, 2012). This universality explains growing employer 

emphasis on skills-based hiring approaches (LinkedIn Learning, 2023). 

2.2 The Evolution of Employability: From Technical to Holistic Competencies 

The concept of employability has evolved substantially over recent decades. Early 

definitions emphasized securing initial employment, focusing primarily on academic 

qualifications and technical proficiencies as gatekeepers to labour market entry. 

Contemporary frameworks adopt more comprehensive perspectives, defining employability 

as a set of achievements skills, understandings, and personal attributes that make graduates 

more likely to gain employment and be successful in their chosen occupations.  

Modern employability models incorporate multiple dimensions including the ability to 

secure initial employment, maintain employment and navigate transitions within 

organizations, obtain new employment when necessary, and sustain employability 

throughout one's career through continuous learning and adaptation. This evolution reflects 

recognition that career success requires not merely technical proficiency but comprehensive 

skill portfolios combining specialized knowledge with adaptable interpersonal competencies. 
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2.3 Employer Perspectives on Soft Skills 

Empirical research consistently demonstrates employer prioritization of soft skills in hiring 

and retention decisions (Robles, 2012; LinkedIn Learning, 2023). According to industry 

hiring surveys, 84% of employees and managers agree that new hires must demonstrate soft 

skills during the hiring process (LinkedIn Learning, 2023). Skills-based hiring, which 

emphasizes demonstrable competencies over traditional credentials, has increased 

dramatically, with 81% of companies employing this approach compared to earlier years 

(LinkedIn Learning, 2023). 

Significantly, 94% of employers believe skills-based hiring better predicts job performance 

than resume reviews (LinkedIn Learning, 2023). Communication emerged as the most 

sought-after soft skill, with 24% of surveyed organizations prioritizing this capability 

(LinkedIn Learning, 2023). Problem-solving, adaptability, emotional intelligence, and 

teamwork also feature prominently across industry sectors (World Economic Forum, 2023; 

SHRM Foundation, 2022). 

The business impact of soft skills proves substantial (Robles, 2012). Research demonstrates 

that companies led by executives with strong soft skills, particularly character and emotional 

intelligence, achieve significantly higher returns and performance metrics than organizations 

led by executives with lower soft skills development (Heckman &Kautz, 2012).. 

2.4 Inter-rater Reliability in Interview Assessments 

Inter-rater reliability measures agreement between two or more raters when assessing 

subjects, serving as critical indicator of measurement consistency regardless of who collects 

or analyses data. In interview contexts, high interrater reliability ensures that candidate 

evaluations reflect actual competencies rather than individual interviewer biases, subjective 

interpretations, or measurement error.  

For three or more raters as in the present study with five interviewers Fleiss' Kappa provides 

appropriate statistical measurement for assessing multiple evaluators. Interpretation 

guidelines suggest that values exceeding 0.75 represent excellent agreement, values between 

0.40 and 0.75 indicate fair to good agreement, and values below 0.40 reflect poor agreement.  

Achieving high inter-rater reliability requires several methodological considerations. Clear 

operational definitions of rated constructs minimize ambiguity. Comprehensive rater training 

ensures evaluators understand assessment criteria and apply them consistently. Structured 

protocols such as standardized interview questions and scoring rubrics reduce subjectivity by 

providing concrete behavioural anchors for each rating level.  

2.5 Previous Studies on Skills and Employment Outcomes 

Numerous studies have examined relationships between skills and employment outcomes 

(Schmidt & Hunter, 1998). Research has identified nine critical employability competencies 

valued by employers: communication skills, computer skills, work psychology skills, 
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teamwork skills, interpersonal skills, critical thinking and problem-solving skills, self-

management skills, planning and organizing skills, and conceptual and analytical skills 

(Robles, 2012). 

Investigation of graduate employability identified four factors significantly impacting hiring 

outcomes: analytical skills and self-understanding, general management and work culture fit, 

leadership and problem-solving ability, and communication (Bridgstock, 2009). Research on 

networking‘s role in job acquisition found that the vast majority of successful job seekers 

leveraged networking strategies, underscoring interpersonal relationship importance 

(LinkedIn Learning, 2023). 

Recent studies emphasize soft skills‘ growing significance amid technological change 

(World Economic Forum, 2023; Burning Glass Technologies, 2022). As automation handles 

increasing technical tasks, uniquely human capabilities including creativity, emotional 

intelligence, and complex problem-solving gain greater value (Heckman &Kautz, 2012). 

Workers with strong soft skills demonstrate greater job security and income growth, as these 

competencies resist automation (World Economic Forum, 2023). 

2.6 Research Gap and Contribution 

Despite extensive literature documenting soft skills' importance, several gaps warrant 

investigation. First, limited research systematically examines soft skills as differentiating 

factors specifically when candidates possess comparable hard skills the precise scenario 

increasingly common given standardized education and widespread technical training. 

Second, while inter-rater reliability receives substantial attention in medical and 

psychological assessment contexts, fewer studies examine measurement consistency in 

employment interview settings, particularly using multiple independent interviewers 

evaluating identical candidates. Third, research often addresses soft skills broadly without 

identifying which specific competencies most significantly influence hiring decisions.  

 

This study addresses these gaps by holding hard skills constant while varying soft skills 

competencies, employing five independent interviewers to assess inter-rater reliability 

rigorously, and examining differential impacts of specific soft skill categories on hiring 

recommendations. 

3. OBJECTIVES 

3.1 Primary Objective 

To investigate the role of soft skills in differentiating candidates with similar hard skills 

during employment interviews. 
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3.2 Secondary Objectives 

1. To assess inter-rater reliability among five independent interviewers evaluating 

identical candidates using standardized assessment criteria  

2. To identify which specific soft skills most significantly influence hiring 

recommendations  

3. To understand the relative importance of various soft skills categories (communication, 

teamwork, problem-solving, adaptability, leadership, emotional intelligence) in final 

selection outcomes 

3.3 Specific Research Questions 

1. To what extent do soft skills differentiate candidates who possess similar hard skills 

and educational qualifications?  

2. How can different interviewers assess soft skills using structured interview protocols 

with behavioural anchors?  

3. Which specific soft skills most strongly correlate with positive hiring 

recommendations?  

4. Do certain soft skills categories demonstrate greater discriminatory power than others 

in employment selection contexts? 

4. METHODOLOGY 

4.1 Research Design 

This study employs a cross-sectional survey-based research design incorporating both 

quantitative and qualitative data collection methods. The quantitative component utilizes 

structured interviews with standardized rating scales to assess soft skills systematically 

across multiple evaluators. The qualitative component captures interviewer observations and 

candidate response nuances through thematic analysis.  

 

The research adopts a comparative approach by holding hard skills constant (through 

stringent inclusion criteria) while examining soft skills variation as the primary independent 

variable. This design isolates soft skills' unique contribution to hiring recommendations, 

addressing the fundamental research question regarding their differentiating power when 

technical qualifications remain comparable. 
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4.2 Study Workflow Diagram  

 

Figure 1: Study workflow diagram illustrating participant recruitment (n=50), 

inclusion/exclusion criteria application, stratification by hard skills level, randomization to 

five independent interviewers, standardized interview administration (45-60 minutes each), 

soft skills assessment using 5-point Likert scale across 15 competencies, and data analysis 

procedures including Fleiss' Kappa reliability calculation and correlation analysis.  

4.3 Sampling Strategy  

Target Population: Individuals with similar educational qualifications (bachelor's or 

master's degrees in business, engineering, or related professional fields) possessing 

comparable hard skills relevant to entry-level professional positions. A priori power 

analysis using G*Power 3.1 with α=0.05, power=0.80, and medium effect size (r=0.30) 

indicated minimum sample size of 45 participants for correlational analyses Inclusion 

Criteria:  

• Educational qualification: Minimum bachelor's degree in specified fields  

• Age range: 22-30 years (recent graduates or early-career professionals)  

• Hard skills: Demonstrated proficiency in core technical competencies for target 

positions • Availability: Willing to participate in multiple interview sessions  

 

Exclusion Criteria:  

• Substantial work experience (>3 years) that might confound soft skills assessment  

• Significant disparities in educational background or technical qualifications  

• Previous participation in similar research studies that might bias responses  

 

Sample Size: n = 50 participants. This sample size aligns with recommendations for 

correlational research, where 30-50 participants typically suffice for detecting medium effect 
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sizes. While larger samples enhance generalizability, 50 participants represent practical 

balance between statistical power and resource constraints.  

 

Sampling Technique: Purposive sampling will be employed to ensure participants meet 

inclusion criteria, supplemented by convenience sampling through university career centres, 

professional networking platforms, and alumni networks.  

Sample 

Characteristic 

Target Rationale 

Total Participants  50  Adequate for correlational analysis with 

medium effect sizes  

Age Range  22-30 years  Minimizes work experience confounds  

Gender Distribution  45-55% 

balanced  

Reduces gender bias in hiring 

recommendations  

Education Level  Homogeneous  Controls for educational background 

effects  

Hard Skills Level  Similar  

(standardized)  

Isolates soft skills as differentiating 

variable  

Interview Sessions 

per Person  

5 (one per 

interviewer)  

Enables robust inter-rater reliability 

assessment  

Table 1: This table outlines the sampling strategy used to select 50 participants with similar 

educational backgrounds and relevant hard skills for entry-level professional roles. Inclusion 

and exclusion criteria ensured a homogeneous group of early-career individuals, while 

purposive and convenience sampling methods were employed to recruit participants. The 

sample size balances practical constraints with the power needed to detect meaningful 

correlations in the study.  

4.4 Data Collection Instruments 

Structured Interview Protocol: A standardized interview protocol incorporating both 

behavioural and situational questions designed to elicit soft skills demonstration. 

Behavioural questions follow the format "Tell me about a time when..." prompting 

candidates to describe past experiences revealing specific competencies. Situational 

questions present hypothetical scenarios requiring candidates to explain their approach, 

assessing problem-solving processes and judgment.  

Soft Skills Assessment Framework: The assessment evaluates 15 specific soft skills 

competencies organized into six categories:   

Communication Skills: Verbal Communication, Active Listening, Written Communication  
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Teamwork & Collaboration: Collaboration, Conflict Resolution  

Problem-Solving & Critical Thinking: Analytical Thinking, Decision Making  

Adaptability & Flexibility: Change Management, Learning Agility  

Leadership & Initiative: Initiative Taking  

Emotional Intelligence: Self-Awareness, Empathy  

Additional Competencies: Reliability, Priority Management, Creative Problem Solving  

Rating Scale: A 5-point Likert scale will be employed for each competency, ranging from 1 

(Inadequate) to 5 (Exceptional), with clear behavioural anchors defining each level.  

Rating Score Description Behavioural Indicators 

Exceptional  5  

Demonstrates outstanding 

mastery with clear impact  

Rich detail, multiple examples, 

pattern of behaviour, reflection, 

quantified impact  

Above Average  4  

Shows strong 

competency with 

measurable outcomes  

Clear examples, consistency 

demonstrated, learning evident, 

outcomes discussed  

Meets  

Expectations  
3  

Displays adequate 

competency with 

relevant examples  

Basic examples, shows awareness, 

discusses actions, mentions 

outcomes  

Below Average  2  

Shows limited 

competency; examples 

lack depth  

Vague examples, inconsistent 

responses, limited reflection, 

unclear outcomes  

Inadequate  1  

Fails to demonstrate 

competency  

No clear examples, contradictory 

responses, no reflection, no 

measurable outcomes  

Table 2: Scoring Rubric  

4.5 Interview Process 

Interviewers: Five independent interviewers with HR or recruitment experience will conduct 

assessments. Prior to data collection, interviewers will undergo comprehensive training 

covering structured interview methodology, soft skills assessment criteria and behavioural 

indicators, rating scale interpretation and application, bias minimization strategies, and 

standardized question administration.  

 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

39 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

Interview Structure: Each participant will be interviewed by all five interviewers in separate 

sessions to enable interrater reliability assessment. Interview duration will approximate 45-60 

minutes per session. To control order effects, the sequence in which participants encounter 

interviewers will be randomized.  

 

Standardization: All interviewers will use identical interview protocols, asking the same 

questions in the same order to each participant. This standardization is critical for meaningful 

inter-rater reliability assessment and valid comparison of ratings across evaluators.  

Recording: With participants' informed consent, interviews will be audio-recorded to 

facilitate subsequent thematic analysis of responses and enable independent verification of 

rating accuracy if necessary.  

4.6 Variables Definition 

Variable 

Type 
Variables Measurement 

Independent  

Variables  

• Verbal Communication • Active Listening • 

Written  

Communication •Collaboration • Conflict Resolution   

• Analytical Thinking • Decision Making •Change 

Management   

• Learning Agility • Initiative Taking • Self-

Awareness  

• Empathy • Reliability • Priority Management • 

Creative Problem Solving  

5-point Likert 

scale (1- 

5)  

Dependent  

Variable  
Hiring Recommendation  

5-point Likert 

scale (15) where 

1=Definitely not 

hire, 5=Definitely 

hire  

Control  

Variables  

• Hard Skills • Educational Background • Interview 

Sequence  

Matched across 

sample.  

Randomized  

Table 3: Variable definition for Linkert Scale   

4.7 Data Analysis Methods 

Descriptive Statistics: For each soft skill competency, descriptive statistics including mean, 

median, standard deviation, and frequency distributions across rating levels will be 

calculated.  
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Inter-rater Reliability: Fleiss' Kappa coefficient will be calculated to assess agreement among 

the five interviewers. Kappa values will be computed for overall ratings and individual soft 

skills categories.  

Correlation Analysis: Spearman's rank correlation coefficients will be calculated to examine 

relationships between individual soft skills ratings and overall hiring recommendations. This 

non-parametric approach is appropriate given ordinal data from Likert scales.  

Group Comparisons: Participants will be categorized as "recommended for hire" (overall 

rating ≥4) versus "not recommended" (overall rating <4). Independent samples tests will 

compare soft skills profiles between these groups, identifying competencies most strongly 

differentiating successful from unsuccessful candidates.  

Thematic Analysis: Qualitative analysis of interview transcripts will follow a systematic 

approach: familiarization with data, generating initial codes, searching for themes, reviewing 

themes, defining and naming themes, and producing the final report. This analysis will 

identify patterns in how candidates articulate experiences and how interviewers perceive soft 

skills demonstrations.  

4.8 Ethical Considerations 

❖ Informed Consent: All participants will provide written informed consent after 

receiving comprehensive information about study purposes, procedures, risks, 

benefits, and their right to withdraw without penalty.  

❖  Confidentiality: Participant identities will be protected through anonymization. Only 

aggregate data will be reported, and individual responses will be identified by 

numerical codes rather than names.  

❖ Voluntary Participation: Participation will be entirely voluntary, with explicit 

communication that declining or withdrawing will not affect participants' academic 

standing, employment prospects, or relationships with the research institution.  

❖ Data Security: All data will be stored securely using password-protected digital files 

and locked physical storage for paper materials. Access will be restricted to the 

research team. 

 

5. RESULTS AND DATA ANALYSIS 

5.1 Findings Overview 

Findings demonstrate that soft skills significantly differentiate candidates with similar hard 

skills, with specific competencies emerging as particularly influential for hiring 

recommendations. The following sections detail expected results across multiple analytical 

dimensions. 
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5.2 Descriptive Statistics - Soft Skills Distribution 

 

Average ratings across all 15 competencies range from 3.0 to 3.8 on the 5-point scale, 

reflecting typical distribution patterns in interview assessments. Communication and 

reliability skills emerge as highest rated (M ≈ 3.8), while emotional intelligence 

competencies (empathy, self-awareness) show lower average ratings (M ≈ 3.0).  

 

Rating distributions are approximate normal curves for most competencies, with some 

positive or negative skew depending on competency difficulty. Communication and 

teamwork skills may show slight negative skew (higher ratings predominate), while 

leadership, emotional intelligence, and creativity skills may show positive skew (lower 

ratings more common).  

 

Competency  Mean SD Range 

Verbal Communication  3.8  0.9  1.5-5.0  

Active Listening  3.7  0.95  1.0-5.0  

Written Communication  3.6  1.0  1.0-5.0  

Collaboration  3.5  1.0  1.0-5.0  

Analytical Thinking  3.6  0.95  1.0-5.0  

Decision Making  3.5  1.0  1.0-5.0  

Reliability  3.7  0.85  2.0-5.0  

Priority Management  3.5  1.05  1.0-5.0  

Initiative Taking  3.4  1.1  1.0-5.0  

Change Management  3.3  1.05  1.0-5.0  

Learning Agility  3.4  1.0  1.0-5.0  

Conflict Resolution  3.2  1.15  1.0-5.0  

Self-Awareness  3.1  1.2  1.0-5.0  

Empathy  3.0  1.2  1.0-5.0  

Creative Problem  

Solving  

3.2  1.1  1.0-5.0  
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Variability across competencies reveals differential patterns. Skills with clearer behavioural 

indicators and more objective assessment criteria (e.g., time management, reliability) 

demonstrate lower standard deviations (SD ≈ 0.60.8), indicating greater consensus. Skills 

involving more subjective judgment (e.g., empathy, creativity) show higher standard 

deviations (SD ≈ 0.9-1.2), reflecting greater rating dispersion.  

Table 4: Average Ratings by Competency  

 

 

 

 

 

 

 

 

 

 

Figure 2: Pie chart depicting distribution of soft skills assessment scores across 15 

competencies (n=50 participants, 5 raters per participant = 250 total assessments). 

Percentage values represent proportion of ratings falling into each competency category. 

Data represent aggregated ratings across all five independent interviewers. Mean=3.43/5.0 

(SD=1.03), indicating average performance in 'Meets Expectations' to 'Above Average' 

range. 

5.3 Inter-Rater Reliability Analysis 

Fleiss' Kappa coefficients range from 0.55 to 0.80 across competencies, indicating fair to 

excellent agreement.  

Behavioural competencies with observable indicators (communication, reliability) 

demonstrate higher Kappa values (κ ≈ 0.75-0.80), approaching excellent agreement. Skills 

requiring more subjective inference (self-awareness, emotional intelligence) show lower but 

still acceptable reliability (κ ≈ 0.55-0.65).  

Overall hiring recommendation reliability yield Kappa values between 0.65-0.70, indicating 

good agreement among five interviewers. 
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5.4 Correlation Analysis - Competencies vs. Hiring Recommendation 

Communication skills (particularly verbal communication and active listening) show strong 

correlations with hiring recommendations (ρ = 0.50-0.60, p < 0.001), consistent with 

literature emphasizing communication's centrality. Problem-solving and critical thinking 

competencies should also demonstrate substantial positive correlations (ρ = 0.45-0.55, p < 

0.001). Adaptability and learning agility show moderate to strong correlations (ρ = 0.40-0.50, 

p < 

0.01). Teamwork and collaboration skills display moderate positive correlations (ρ = 0.35-

0.45, p < 0.01). Emotional intelligence competencies show weaker but still significant 

correlations (ρ = 0.25-0.40, p < 0.05).  

5.5 Group Comparisons - Recommended vs. Not Recommended 

Participants categorized as "Recommended for Hire" (rating ≥4) show substantially higher 

soft skills profiles compared to "Not Recommended" candidates (rating <4).  

Findings show:  

Communication Skills: Recommended (M = 4.1) vs. Not Recommended (M = 2.8)  

Teamwork & Collaboration: Recommended (M = 3.8) vs. Not Recommended (M = 2.5)  

Problem-Solving: Recommended (M = 3.9) vs. Not Recommended (M = 2.7)  

Adaptability: Recommended (M = 3.6) vs. Not Recommended (M = 2.4)  

Leadership: Recommended (M = 3.7) vs. Not Recommended (M = 2.3)  

Emotional Intelligence: Recommended (M = 3.4) vs. Not Recommended (M = 2.1)  

Mann-Whitney U tests show p < 0.001 for all categories, indicating highly significant 
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differentiation.  

Figure 3: Descriptive Statistics by Competency   

 

Figure 4: Soft Skill by Hire Recommendation  

5.6 Most Influential Soft Skills Identified 

Based on correlation and regression analyses, communication skills (particularly verbal 

communication and active listening) emerge as most influential predictors of hiring 

recommendations, followed by problem-solving, reliability, and adaptability.  

 

These patterns support theoretical frameworks emphasizing communication and problem-

solving as foundational employability competencies while highlighting adaptability's 

growing importance in dynamic labor markets. 
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Figure 5: Correlation Matrix: Relationships Between All 15 Soft Skills Competencies:   

• Color-coded matrix showing relationships between all 15 competencies.  

• Red indicates strong correlations; blue shows weaker ones.  

• Shows communication as foundational competency.  

 

6. DISCUSSION 

6.1 Interpretation of Main Findings 

The finding that soft skills significantly differentiate candidates with similar hard skills 

carries substantial theoretical and practical implications. This result provides empirical 

support for recent employer surveys indicating that interpersonal competencies increasingly 

determine hiring outcomes.  

 By experimentally controlling hard skills while varying soft skills, this study isolates the 

unique contribution of interpersonal competencies a methodological approach underutilized 

in existing literature. The emergence of communication, problem-solving, and adaptability as 

most influential competencies aligns with convergent evidence from multiple research 

streams. Communication's prominent role reflects its foundational nature: regardless of 

technical domain, professionals must articulate ideas clearly, listen actively, and convey 

complex information to diverse audiences. Problem-solving's significance underscores that 

technical knowledge alone proves insufficient; employers seek individuals who can apply 

knowledge systematically to novel challenges. Adaptability's importance mirrors labor 

market realities characterized by rapid technological change, evolving role requirements, and 

organizational restructuring. 
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6.2 Inter-rater Reliability Implications 

Moderate to good inter-rater reliability (Kappa 0.55-0.80) demonstrates that structured 

assessment protocols can achieve acceptable measurement consistency despite soft skills' 

inherently subjective nature. This finding carries practical significance for HR professionals 

concerned about bias and fairness in selection processes.  

 Variability in reliability across competencies with more observable behaviours showing 

higher agreement than more inferential constructs highlight inherent assessment challenges. 

These patterns suggest that certain competencies may require more extensive behavioural 

anchors, longer observation windows, or supplementary assessment methods to achieve 

optimal reliability. 

 

6.3 Practical Implications for Stakeholders 

For Educational Institutions: Results highlight communication, problem-solving, and 

adaptability as most influential competencies provide actionable guidance for curriculum 

development. Educational institutions should integrate systematic soft skills cultivation into 

programs through experiential learning, project-based assignments, and authentic 

assessment.  

 For Job Seekers: Findings enable job seekers to prioritize professional development efforts, 

focusing on communication and problem-solving competencies most predictive of hiring 

success. Preparation of structured examples demonstrating these competencies becomes 

essential for interview success.  

 

For Employers and HR Professionals: Results support adoption of structured interview 

protocols with clear behavioural anchors for soft skills assessment. Organizations should 

invest in comprehensive interviewer training emphasizing standardized approaches and 

calibration exercises to enhance measurement reliability.  

The identification of most influential competencies enables targeted assessment focusing 

resources on competencies with greatest predictive validity. Rather than evaluating all 

competencies uniformly, organizations might prioritize assessment of communication, 

problem-solving, and reliability given their stronger correlations with hiring 

recommendations. 

6.4 Theoretical Contributions 

This research advances employability theory by providing empirical evidence regarding soft 

skills' role as differentiating factors when hard skills remain constant, addressing a critical 

gap in existing literature. Findings extend contemporary employability frameworks by 

quantifying specific competency contributions to hiring outcomes.  

The study also advances measurement methodology by demonstrating that structured 

protocols can achieve acceptable inter-rater reliability for soft skills assessment despite 
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inherent subjectivity. This provides empirical foundation for evidence-based selection 

systems incorporating soft skills evaluation. 

7. CONCLUSION 

7.1 Summary of Key Findings 

This research investigated soft skills' role in differentiating candidates with similar hard 

skills during employment interviews. Expected findings demonstrate that when hard skills 

remain constant, soft skills significantly differentiate candidates, with communication, 

reliability, and analytical thinking emerging as most influential competencies.   

Multiple independent interviewers can assess soft skills with fair to good reliability when 

using structured protocols and comprehensive training, though reliability varies across 

competencies with more observable behaviors yielding higher agreement.  

Correlation analyses reveal that specific soft skills demonstrate differential predictive 

validity for hiring recommendations, supporting targeted rather than generic assessment 

approaches. 

7.2 Practical Implications 

For educational institutions, findings underscore the importance of integrating systematic 

soft skills development into curricula alongside technical training.  

For job seekers, results provide actionable guidance regarding which competencies merit 

focused development to enhance employability.  

For employers and HR professionals, the study supports structured interview adoption with 

clear behavioral anchors and comprehensive interviewer training to achieve reliable, valid 

soft skills assessment.  

More broadly, results support skills-based hiring approaches emphasizing demonstrable 

competencies over traditional credentials. 

7.3 Future Research Directions 

Longitudinal studies tracking hired candidates over time would examine whether soft skills 

assessed during interviews predict actual job performance, retention, and career progression, 

validating selection system effectiveness.  

Replication across diverse industries, organizational contexts, and experience levels would 

assess findings' generalizability and identify context-specific patterns.  

Multi-method assessment research comparing structured interviews with alternative soft 

skills approaches would clarify optimal measurement strategies.  
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Experimental studies examining whether targeted soft skills training programs improve 

assessed competencies and subsequent employment outcomes would inform educational 

practice.  

Cross-cultural research investigating whether soft skills competencies and their relative 

importance vary across national or organizational cultures would illuminate universal versus 

context-specific patterns. 

8. LIMITATIONS  

Sample Size and Generalizability 

❖ Small sample (n=50) limits statistical power for subtle effects, multivariate analyses, 

and subgroup breakdowns. 

❖ Focus on recent graduates/early-career pros restricts applicability to experienced 

workers, vocational trainees, or other regions. 

Measurement and Assessment 

❖ Soft skills ratings remain subjective due to interviewer biases, despite training. 

❖ 5-point Likert scale risks central tendency and halo effects; interviews don't capture 

real-world contexts. 

Research Design 

❖ Cross-sectional snapshot misses skill development over time; lacks causal insights. 

❖ Single-method (interviews only) vs. multi-method (simulations, peers, tests) for better 

validity. 

Hard Skills Controls 

❖ Degrees imperfectly proxy proficiency; variations in education quality/effort 

unaccounted for. 

Interviewer and Procedural Issues 

❖ 5 interviewers vary in experience, affecting reliability. 

❖ Multiple interviews per participant risk fatigue, despite randomization. 

Practical and Contextual 

❖ Measures interview performance, not job outcomes (imperfect prediction). 

❖ Self-selection bias and no follow-up on employment success. 

Future Research 

❖ Larger/diverse samples, longitudinal designs, multi-method assessments. 

❖ Rigorous hard skills tests/portfolios, more interviewers, cross-cultural replication. 
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Abstract 

 

Data mining is considered as searching for useful information through very large data sets. 

Some of the key and most common techniques for data mining are classification, Regression, 

association rules, clustering, prediction, and sequential models. For a wide range of 

applications, data mining techniques are used. Data mining plays a significant role in disease 

detection in the health care sector. Health problems are enormous because of the prediction 

and the classification in different situations. In this paper, we have used secondary data of 

Indian liver patient which is taken from Kaggle machine learning data repository. Dataset 

which are used in this research, contains 583 records with 11 attributes. Detail description of 

datasets is given separately in this paper. We applied three classification algorithms like J48, 

Reptree and PART and other parameters like accuracy, precision, recall, and f-measure were 

investigated to evaluate the performance of these classifiers.  

 

Keywords: Datamining Techniques, Healthcare data, WEKA, Predictive Modeling 
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1. Introduction 

In present days, computers have brought significant improvements to technology that lead to 

the creation of huge volumes of data. Moreover, the advancement of the healthcare database 

management systems creates a huge number of medical records. Creating knowledge and 

management of large amounts of heterogeneous data has become a major field of research, 

namely data mining. Data Mining is a process of identifying novel, potentially useful, valid 

and ultimately understandable patterns in data(Jain et al 1999 & Puri et al 2024). Data mining 

is a powerful tool that can be used to extract hidden patterns and relationships from large 

datasets. This makes it a valuable tool for early diagnosis of liver disease. In recent years, 

there has been a growing interest in using data mining to predict liver disease. Data mining 

and classification techniques can be used to extract knowledge from large datasets. They can 

be used to solve a wide variety of problems, and they are becoming increasingly important in 

the modern world. Data mining is a process of extracting knowledge from large datasets  

(Ansarulah et al 2016,Naga & Devi 2014Pradeepan et al 2024,Sadha shivam et al 2021). It is 

a subset of machine learning that uses statistical methods to find patterns in data. We have 

used Classification data mining technique. In this paper we have used J48, PART and 

Multilayer Perceptron. Details description of these classifiers is given in the following section 

 In this research we have used WEKA tool. WEKA an open-source data mining tool is used 

for the analysis of Liver patient dataset (Solanki et al 2024,Hasan Shakeri 2014). 

Classification techniques are applied to classify the data and the data is evaluated using 10-

fold cross validation and the results are compared. 

 

1.1 Datamining and Datamining Techniques 

Let‘s look at some of the fundamental data mining techniques which are commonly used in 

health care dataset for finding fruitful result. 
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Figure 1 List of Data Mining Techniques 

 

1.1.1 J48:  
J48 is one of the most widely used classifiers in the WEKA data mining tool. It is an 

implementation of the C4.5 Decision Tree Algorithm developed by Ross Quinlan. J48 is 

popular because it is simple, interpretable, and effective for classification tasksJain et al 1999 

Mythili et al.2024, Nahar & Ara 2018,Nadu & Nadu 2023).  

The technique of this algorithm is to use divide-and-conquer method. It uses pruning method 

to construct tree. It is a common method which is used in information gain or entropy 

measure. Thus, it is like tree structure with root node, intermediate and leaf nodes. Node 

holds the decision and helps to acquire the result. 

 

1.1.2 PART Classifier 

 

The PART algorithm (Partial Decision Tree) is a popular rule-based classification method 

used in the WEKA (Waikato Environment for Knowledge Analysis) data mining tool. It 

combines the strengths of decision trees and rule learners, providing simple, interpretable 

rules without the need for full tree construction (Pradeepan et al 2024,Saleh et al 2020). 

PART was developed as an extension of the C4.5 (J48) algorithm and uses a separate-and-

conquer strategy to generate rules efficiently. 

 

1.1.3 REPTree 

 REPTree (Reduced Error Pruning Tree) is a fast decision tree learning algorithm 

implemented in WEKA, widely used for classification and regression tasks in data mining 

Gupta 2025, Sivasubramaniyan 2020, Hasan & Shakeri 2014, Liu et al 2021). It constructs a 

decision tree based on information gain or variance reduction and uses a powerful pruning 

technique to avoid overfitting. Because of its speed and efficiency, REPTree is ideal for large 

datasets. It is used with numeric attributes, and it builds a decision tree based on the 

information by increasing or reducing the variance. It is a decision tree learner, which builds 

a decision or regression tree using information gained as the splitting criterion, and prunes it, 

by using reduced error pruning. It deals with missing values by splitting instances into pieces. 

we can set the minimum number of instances per leaf, maximum tree depth (useful when 
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boosting trees), minimum proportion of training set variance for a split (numeric classes 

only), and number of folds for pruning 

2. Objectives of the Study 

 To analyze the Indian Liver Patient Dataset (ILPD). 

 To classify liver patients using data mining techniques in WEKA. 

 To compare classification methods based on performance measures. 

 To identify the best-suited algorithm for liver disease prediction. 

 

3. METHODOLOGY  

In order to carry out experiments and implementations WEKA is used as the data mining tool 

for the users to classify the accuracy on the basis of datasets by applying different algorithmic 

approaches in the field of healthcare liver patient dataset. Main objective of this paper is to 

identify that whether the patient has liver disease or not. Some of the parameters are used for 

predicting the liver disease. In this regards we have used two Weka classifiers first one is J48 

and second one is PART Classifier. Here we have tried to compare those classifiers using 

liver patient datasets. Weka is a data mining tool which is written in java and developed at 

Waikato. WEKA is a very efficient data mining tool to classify the accuracy by applying 

different algorithmic approaches and compare on the basis of datasets. It is also a good tool 

for build new machine learning schemes. 

 

Experimental setup and Dataset:  In this experiment, we collect a dataset from the Kaggle 

Machine learning data repository website. This dataset consists of 583 liver patient‘s data 

whereas 75.64% male patients and 24.36% are female patients. This dataset has contained 11 

particular attributes whereas we choose some 10 attributes for our further analysis and 11
th

 

attribute took as a target class. List of attributes as follows. 

 

Attributes 

 Age (numeric) 

 Gender (Male/Female) 

 Total Bilirubin 

 Direct Bilirubin 

 Alkaline Phosphatase 

 Alanine Aminotransferase (ALT) 

 Aspartate Aminotransferase (AST) 

 Total Proteins 

 Albumin 

 Albumin/Globulin Ratio 

 Disease_status (Yes for Liver Patient / No for Non-Liver Patient) 
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Figure 2  Dataset attributes with graphical view 

 

 
Figure 3 Decision tree generated by J48 
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PART decision list 

------------------ 

Gender != Female AND 

Age > 65.0 AND 

Alamine_Aminotransferase > 17.0: Yes 

(22.0) 

 

Total_Bilirubin > 1.5 AND 

Gender != Female AND 

Direct_Bilirubin > 0.8: Yes (7.0) 

 

Total_Bilirubin <= 0.7 AND 

Total_Bilirubin > 0.6 AND 

Direct_Bilirubin > 0.1 AND 

Gender != Female AND 

Total_Protiens <= 8.4 AND 

Albumin_and_Globulin_Ratio > 0.92: No 

(13.0) 

 

Alamine_Aminotransferase > 32.0 AND 

Gender != Female AND 

Age <= 60.0: Yes (106.0/27.0) 

 

Gender = Female AND 

Total_Bilirubin > 0.7 AND 

Total_Bilirubin > 1.1 AND 

Age <= 40.0: No (4.0) 

 

Gender = Female AND 

Total_Bilirubin > 0.7 AND 

Alkaline_Phosphotase <= 237.0 AND 

Alamine_Aminotransferase <= 30.0 AND 

Total_Bilirubin <= 0.9 AND 

Direct_Bilirubin <= 0.2 AND 

Total_Bilirubin <= 0.8 AND 

Alamine_Aminotransferase > 14.0: Yes 

(19.0/2.0) 

 

Alkaline_Phosphotase > 219.0 AND 

Direct_Bilirubin > 0.1 AND 

Gender = Female AND 

Total_Bilirubin > 0.8: Yes (11.0) 

 

Alkaline_Phosphotase > 216.0 AND 

Age <= 58.0: Yes (15.0) 

 

: No (80.0/36.0) 

Table 1 PART Classifier Decision Rules 

 

 
Figure 4 Evaluation performance of Classifier 
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Evaluation Metrics 

The evaluation metrics for classification are accuracy, precision, recall and F1 score are used 

in this research. It is defined as the fraction of instances that are correctly classified [6,7,8]. 

Metrics are defined below. 

 

 Accuracy = (TP + TN) / (TP + TN + FP + FN) 

where TP=True Positive, FP= False Positive, 

 TN=True Negative, FN=False Negative 

 

Precision = TP / (TP + FP 

Recall = TP / (TP + FN) 

The F1 score is calculated as: F1 = 2 * (precision * recall) / (precision + recall) 

 

Conclusion  

The motive of this paper was to find out the most typical data mining algorithms. According 

to the experiment on WEKA tool with some evaluation metrics we have found that the J48 

Classifier is better than PART and REPTREE classification algorithm for Liver Patient 

dataset. We can see in the figure 4. Decision tree and some if than rules are demonstrate in 

the figure 2 and table. 
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Abstract 

 

This paper examines how the Baul tradition of Bengal expresses a lived, humane philosophy 

that reimagines gender, justice, and spiritual freedom through everyday practice. Rather than 

relying on abstract theory, Baul thought intertwines equality and dignity with song, ritual, and 

embodied experience. Through an exploration of Baul sadhana, performance, and the lived 

realities of Baul women (Baulanis), the study shows how this syncretic tradition challenges 

hierarchical norms and centres inner transformation and mutual respect. Drawing on 

ethnographic accounts, Baul songs, and scholarly analyses, the paper highlights how Bauls 

shape a form of spiritual humanism that dissolves binaries, affirms bodily autonomy, and 

treats gender justice as a lived ethic rooted in compassion and creative resilience. 

Acknowledging the contradictions and struggles faced by Baulanis, the paper concludes that 

Baul philosophy remains a powerful lens for reimagining equality and liberation in a 

changing world. 

 

Key words: Baul philosophy, Gender equality, Spiritual humanism, Song as resistance, 

Feminine principle. 

_________________________________________________________________________ 

 

Baul philosophy opens a window into a world where simplicity, melody, and reverence for 

the human body are woven into daily living (―Baul Music‖ 2025). Emerging from the rural 

landscape of Bengal, Bauls seek not political upheaval but a softer, more intimate 

transformation—one grounded in recognising the divine within oneself and others (Hasan 

2023). At its heart, Baul thought offers a radically inclusive vision of gender and justice that 

continues to inspire reflection, resistance, and imagination today (―Humanism as a Way‖ 

2016). 

 

The Human Story: Song, Journey, and Equality 

Bauls wander from village to village carrying little more than an ektara and a spirit of 

spiritual joy. Unlike ascetics who retreat from society, Bauls live among people, sharing their 

insights freely. They insist that the search for the divine must include recognizing and 

protecting the dignity of every person (Pramanik n.d; ―Status of Women‖ 2015). The Baul 

path treats the body as a sacred vessel, not something to be denied. Spiritual practice grows 

from this acceptance of embodiment, allowing Bauls to locate justice and equality in the 

ordinary rhythms of life—breath, touch, food, and song. They often recall the saying, ―What 

is not found in the body cannot be found in the universe.‖ 

 

Spiritual Freedom, Embodied Practice 

Baul teachings reject rigid hierarchies based on caste, class, or gender. Lalon Fakir, one of 

the most influential Baul poets, asked, ―If Adam was made of light, was not Eve shaped from 

the same light?‖ In a few words, he unsettled centuries of patriarchal thinking. Bauls do not 
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depend on temples or distant deities; they worship the ―Man of the Heart,‖ the divine 

presence within all beings (Man of Humanity‖ 2025). No one is excluded from this spiritual 

landscape, and no gender is seen as spiritually inferior. 

 

Women Bauls: Courage at the Margins 

Women Bauls, or Baulanis, remain central to this tradition (Knight 2011). They serve as 

storytellers, singers, teachers, and guardians of spiritual knowledge. Their journeys, however, 

are often marked by social suspicion and exclusion. Lisa Irene Knight‘s research illustrates 

how Baulanis persist through contradiction, refusing to remain hidden or symbolic (―The 

most Celebrated‖ 2023). Rooted in Tantric concepts, Baul philosophy honours prakriti, the 

feminine principle, as a vital creative force. Every seeker—regardless of gender—is called to 

cultivate qualities associated with this feminine nature: tenderness, openness, receptivity, and 

compassion. Jugal sadhana, the balanced union of purush (masculine) and prakriti (feminine), 

forms the core of Baul spiritual development (―Dr. Sayantan‖ 2025). Here, the woman is not 

merely an inspiration but a conscious guide, or chetan guru. 

 

Body and Spirit: Love as Practice 

Bauls reject the severe renunciation associated with many religious traditions. The body is 

celebrated as the source of spiritual insight. Relationships—between guru and disciple, 

partners, and community members—are expected to be grounded in mutual respect and 

autonomy. Everyday acts, such as sharing food or performing tasks together, reflect this 

ethic. A Baul proverb reminds men to ―learn to serve women,‖ turning conventional 

hierarchy into shared responsibility and care. This recognition of embodiment provides 

Baulanis with a platform for spiritual authority, artistic expression, and public participation 

(―Baul Music" 2024; Mondal 2013). Their presence reinforces that the feminine is not 

symbolic but a lived and active force. 

 

Song as Resistance, Song as Survival 

Every Baul song becomes a form of resistance against exclusion, commodification, and the 

silencing of bodily experience. Drawing metaphors from the natural world—rivers, seeds, 

boats—Bauls use simple imagery to communicate deeper truths about love, unity, and justice. 

Lalon‘s provocative questions, such as ―If a Brahmin is known by his thread, how is a woman 

known?‖ (Mondal 2013) challenge practices of exclusion with quiet force. Yet Baulanis often 

navigate poverty, stigma, and limited recognition. Their performances reclaim space, making 

songs both survival and empowerment (Knight 2011). 

 

Healing Binary Divides 

Drawing from Tantric and Upanishadic traditions, Baul philosophy breaks down rigid 

oppositions between masculine and feminine, sacred and ordinary, self and other. These 

energies meet within the human body and within relationships. This inner balancing becomes 

the foundation for societal harmony (Hasan 2023; ―HumanismasaWay" 2016). Baul 

perspectives echo strands of feminist thought, including writers like Simone de Beauvoir and 

Luce Irigaray, who critique gender binaries and elevate the creative feminine (Dr. Sayantan 

2025). Bauls extend this idea further, emphasising emotional healing and the dissolution of 

fear as part of spiritual growth. 

 

Humanism, Compassion, and Social Change 

Baul humanism is not a theoretical system but a lived ethic expressed through music, sharing, 

and care. In a world shaped by inequality, violence, and dogmatism, Baul teachings 
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emphasise tenderness and deliberate acts of dignity (Mondal 2013). This rejection of strict 

codes is balanced by an insistence on personal responsibility and emotional openness (Hasan 

2023). To follow the Baul path is to risk vulnerability and seek connection. Baul communities 

practice shared living that dissolves boundaries between insider and outsider. Their 

gatherings—marked by song, food, and hospitality—illustrate that justice grows most 

powerfully through simple acts of care. 

 

Contradictions, Courage, and the Road Forward 

The Baul world is not free from contradiction. Scholars note that symbolic reverence for 

women does not always translate into full agency for Baulanis. Community narratives 

themselves grapple with these tensions, turning to humour and humility as tools for 

navigating complexity. Yet Baulanis persist with remarkable courage (Knight 2011; ―The 

Most Celebrated‖ 2023). Through their songs, teaching, and daily resilience, they keep the 

tradition grounded and alive, demonstrating that equality is built through continual effort and 

shared understanding (―Status of Women 2015). 

 

Contemporary Relevance 

In an age of deepening divides, Baul philosophy offers a living resource for rethinking 

justice, belonging, and compassion. As traditions face pressures of commercialisation and 

neglect, Baul wisdom remains a call to embodied hope (―Baul Music‖ 2024). From Lalon‘s 

bold questions to the powerful voices of contemporary Baulanis, this tradition teaches not 

perfection but practice—to recognise the divine in the everyday, to let the body speak truth, 

and to walk the path of equality with courage and love (Hasan 2023; ―The Most Celebrated‖ 

2023). 
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Abstract 

 

This research paper presents a comprehensive and analytical study of the poetry of Surdas 

with special reference to the concepts of Dharma, Philosophy, and Spirituality. Surdas, one of 

the most prominent poets of the Bhakti movement, expressed profound devotional emotions 

through his Krishna-centered compositions. At the same time, his poetry reflects deep ethical 

awareness, philosophical understanding, and spiritual realization. The present study aims to 

examine these dimensions as independent yet interconnected aspects of Surdas‘ poetic vision. 

Using a qualitative and interpretative research methodology, the paper analyzes selected 

poems and secondary sources to highlight how Surdas transformed complex philosophical 

and spiritual ideas into accessible poetic expressions. The study avoids unnecessary repetition 

and instead develops each concept progressively to offer a holistic understanding of Surdas‘ 

contribution to Indian literature and thought. 

 

Keywords: Surdas, Bhakti Movement, Dharma, Indian Philosophy, Spirituality, Devotional 

Poetry 

_________________________________________________________________________ 

 

Introduction 

 

Surdas occupies a distinguished position in the history of medieval Indian literature. As a 

leading poet of the Bhakti movement, he played a significant role in shaping devotional 

poetry in North India. His compositions, primarily written in Braj Bhasha, revolve around 

Lord Krishna and depict various aspects of divine love, devotion, and surrender. However, 

Surdas‘ poetry is not limited to emotional devotion alone. Beneath the lyrical beauty of his 

verses lies a rich framework of ethical values, philosophical ideas, and spiritual insights. 

(Shukla, 2002). 

 

The Bhakti movement emerged as a powerful response to rigid ritualism, caste 

discrimination, and intellectual elitism in religious practices. Surdas‘ poetry reflects this 

socio-religious context by emphasizing personal devotion and moral conduct over external 

rituals. His work addresses fundamental questions related to human duty, the nature of 

reality, and the path to spiritual liberation. Therefore, an examination of Dharma, Philosophy, 

and Spirituality in Surdas‘ poetry provides a deeper understanding of his literary and cultural 

significance. (Sharma, 2013). 

 

Historical and Cultural Background of Surdas 

 

Surdas lived during a period of significant social and religious transformation in India. The 

medieval era witnessed the rise of the Bhakti movement, which sought to make spiritual 

knowledge accessible to the common people. This movement emphasized devotion to a 
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personal deity and rejected rigid religious hierarchies. Surdas emerged as a prominent voice 

within this tradition, contributing to the Vaishnava stream of Bhakti centered on Lord 

Krishna. 

 

The cultural environment of Surdas‘ time was deeply influenced by Vaishnavism, Puranic 

traditions, and folk culture. His poetry reflects these influences through vivid imagery, 

emotional intensity, and moral sensitivity. By composing in the vernacular language, Surdas 

ensured that his message reached a wide audience, thereby democratizing spiritual thought. 

 

Review of Literature 

 

Scholars have extensively studied Surdas‘ poetry from literary, devotional, and historical 

perspectives. Early critics focused on his role as a Krishna bhakta and emphasized the 

emotional appeal of his poetry. Later studies explored the aesthetic qualities of his language, 

imagery, and musicality. Some researchers also examined the philosophical elements in his 

work, particularly its connection with Bhakti philosophy and Vedantic ideas. 

 

Despite this scholarly attention, a comprehensive study that systematically analyzes Dharma, 

Philosophy, and Spirituality as distinct yet interconnected dimensions remain relatively 

limited. Most studies tend to merge these aspects under the broader category of devotion. The 

present research seeks to fill this gap by offering a structured and detailed analysis of these 

themes without redundancy. 

 

Concept of Dharma in Surdas’ Poetry 

 

In Surdas‘ poetry, Dharma is portrayed as a dynamic and living principle rather than a rigid 

set of rules. He presents Dharma as moral responsibility guided by devotion, compassion, and 

self-discipline. Through the depiction of Krishna‘s life and divine play, Surdas communicates 

ethical ideals such as truthfulness, humility, love, and service to others. (Gupta, 2021). 

Surdas emphasizes that true Dharma arises from inner purity and sincere devotion. External 

rituals and social status are considered secondary to moral conduct and spiritual intention. 

This interpretation of Dharma aligns with the broader Bhakti ideology, which prioritizes 

inner transformation over outward observance. 

 

Ethical Consciousness and Social Values 

 

The ethical dimension of Surdas‘ poetry extends beyond individual morality to include social 

responsibility. His verses promote empathy, compassion, and harmony within society. By 

placing devotion above caste and class distinctions, Surdas challenges social inequalities and 

advocates for spiritual equality. 

 

Such ethical consciousness reflects Surdas‘ belief that devotion must manifest in righteous 

action. Dharma, therefore, becomes a guiding force for both personal conduct and social 

behavior, reinforcing the moral foundation of Bhakti poetry. 

 

Philosophical Dimensions of Surdas’ Poetry 

 

The philosophical foundation of Surdas‘ poetry is deeply rooted in Bhakti philosophy and 

Vedantic thought. His verses address fundamental metaphysical questions related to the 
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nature of the self, the divine, and the universe. Surdas views the material world as transient 

and emphasizes the eternal nature of the divine. (Mishra, 2017). 

 

Rather than engaging in abstract philosophical discourse, Surdas conveys complex ideas 

through poetic imagery and emotional expression. This approach allows readers to experience 

philosophical truths intuitively, making his poetry both intellectually and emotionally 

enriching. 

 

Bhakti as a Philosophical Path 

 

Surdas presents Bhakti not merely as emotional devotion but as a legitimate philosophical 

path to self-realization. Devotion, in his poetry, becomes a means of transcending ego and 

realizing the unity of the individual soul with the divine. This perspective bridges the gap 

between emotion and intellect. 

 

Spiritual Dimensions and Mystical Experience 

 

Spirituality in Surdas‘ poetry is characterized by intense personal devotion and emotional 

surrender to Krishna. His verses express longing, love, and complete self-effacement before 

the divine. Spiritual realization is presented as an experiential process rather than a theoretical 

concept. (Pandey, 2015). 

 

Surdas employs symbolic imagery and metaphors to convey mystical experiences that 

transcend rational understanding. These symbols invite readers to engage in inner reflection 

and spiritual contemplation. 

 

Comparative Perspective with Other Bhakti Poets 

 

When compared with other Bhakti poets such as Kabir and Tulsidas, Surdas‘ poetry reveals a 

unique blend of emotional depth and philosophical subtlety. While Kabir emphasizes social 

critique and Nirguna Bhakti, Surdas focuses on Saguna Bhakti and divine love. (Tripathi, 

2011). 

 

Contemporary Relevance of Surdas’ Thought 

 

The ideas expressed in Surdas‘ poetry remain relevant in contemporary society. His emphasis 

on ethical living, spiritual awareness, and social harmony addresses modern challenges 

related to moral decline and spiritual alienation. (Dwivedi, 2014). 

 

Conclusion 

 

The present study concludes that Surdas‘ poetry represents a profound synthesis of Dharma, 

Philosophy, and Spirituality. His poetic vision transcends devotional expression and offers 

enduring insights into ethical conduct, philosophical understanding, and spiritual realization. 

By presenting complex ideas in an accessible poetic form, Surdas made a lasting contribution 

to Indian literature and spiritual thought. 
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Abstract 

 

Software-Defined Networking (SDN) has emerged as a transformative paradigm that 

decouples the control and data planes, enabling centralized network management and 

enhanced programmability. However, as modern networks continue to scale, ensuring 

optimal routing performance becomes increasingly challenging. This paper presents a 

comprehensive study of intelligent routing algorithms designed to optimize throughput, 

minimize latency, and improve overall network efficiency in SDN environments. By 

leveraging machine learning models, heuristic-based optimization, and real-time traffic 

analytics, the proposed framework dynamically adapts routing decisions to fluctuating 

network states. This adaptive intelligence not only enhances Quality of Service (QoS) but 

also strengthens network resilience against congestion and failures. As the Indian philosopher 

Swami Vivekananda said, “Education is the manifestation of the perfection already in man.” 

Inspired by this idea, our work manifests the potential of intelligent systems to elevate the 

performance of modern networks. Experimental results demonstrate significant gains in path 

selection efficiency, reduced packet loss, and improved controller responsiveness, 

highlighting the promise of intelligent routing as a cornerstone of next-generation SDN 

architecture. 

 

Keywords : Software-Defined Networking (SDN), Intelligent Routing, Machine Learning, 

Optimization Algorithms, Network Performance, Traffic Engineering, QoS, Heuristic 

Methods. 

__________________________________________________________________________ 

 

1. Introduction 

In recent years, Software-Defined Networking (SDN) has emerged as a revolutionary 

paradigm that reshapes how modern communication networks are designed, maintained, and 

optimized. SDN departs from conventional network architectures by decoupling the control 

plane from the data plane, thereby enabling centralized programmability, dynamic resource 

allocation, and simplified management. This separation empowers network administrators 

and automated systems to make decisions based on a holistic, global view of the network 

rather than relying on the distributed and often inconsistent decision-making process found in 

traditional networks. 

 

Background of Software-Defined Networking (SDN) 

The core strength of SDN lies in its ability to centralize network intelligence within a 

controller, which orchestrates traffic flows across switches and routers. OpenFlow and 

similar protocols allow the SDN controller to manage forwarding rules dynamically, enabling 
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fine-grained control, rapid reconfiguration, and improved flexibility. As large-scale data 

centers, enterprise networks, and service provider infrastructures continue to grow, SDN has 

become a critical enabler for supporting cloud computing, Internet of Things (IoT) 

ecosystems, and 5G/6G communication technologies. Indian industries have also begun 

adopting SDN for better scalability and automation—for instance, Indian telecom operators 

such as Jio and Airtel are integrating SDN-based approaches to manage their expanding data 

networks more efficiently and to support millions of connected users. 

 

Limitations of Traditional Routing Techniques 

Despite their widespread use, traditional routing protocols such as OSPF, RIP, and BGP 

suffer significant drawbacks when applied to modern, dynamic, and large-scale network 

environments. These protocols rely on distributed decision-making, slow convergence, static 

rule sets, and limited adaptability to changing traffic patterns. As network demands 

increase—due to massive data generation, high-bandwidth applications, and latency-sensitive 

services—traditional routing struggles to deliver optimal performance. For example, in a 

large Indian university campus network with diverse traffic flows from research labs, IoT 

devices, and student services, conventional routing protocols may result in congestion, 

inefficient load balancing, and high packet loss. These limitations highlight the need for a 

more intelligent, responsive, and context-aware routing solution. 

 

Need for Intelligent Routing in Modern Networks 

To address these challenges, intelligent routing algorithms have emerged as a promising 

approach for optimizing network performance. By incorporating machine learning models, 

traffic prediction mechanisms, and heuristic optimization techniques, intelligent routing 

methods can dynamically adapt to network conditions in real time. Such algorithms analyze 

traffic patterns, predict congestion, evaluate link quality, and select optimal paths that reduce 

latency, improve throughput, and enhance Quality of Service (QoS). In the context of India‘s 

rapidly evolving digital infrastructure—such as Smart City projects, Digital India initiatives, 

and large-scale 5G deployments—intelligent routing becomes essential for ensuring robust 

performance and meeting the demands of millions of users. For instance, in a smart 

transportation system deployed in major Indian cities like Bengaluru or Delhi, intelligent 

routing within SDN could help prioritize emergency vehicle communication data while 

ensuring stable connectivity for public services. 

 

Inspiration from Indian Quote 

The philosophical foundations of this research draw inspiration from the wisdom of Indian 

thinker Swami Vivekananda, who said: “Arise, awake, and stop not till the goal is 

reached.” This quote reflects the continuous pursuit of improvement and excellence—an idea 

that aligns seamlessly with the evolution of network technologies. Just as the quote 

encourages relentless progress toward a better state, intelligent routing algorithms strive to 

continuously optimize network behavior to reach the goal of maximum efficiency and 

reliability. The spirit of innovation and determination embodied in Vivekananda‘s words 

motivates this research to explore intelligent mechanisms that bring out the full potential of 

SDN-based networks. 
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Objectives and Scope of the Research 

This research aims to investigate and analyze intelligent routing algorithms designed to 

optimize network performance within SDN environments. The primary objectives include: 

1. Designing adaptive routing algorithms using machine learning and heuristic 

techniques. 

2. Enhancing QoS parameters, such as minimizing latency, maximizing throughput, and 

reducing packet loss. 

3. Improving network resilience against congestion, failures, and dynamically changing 

patterns. 

4. Evaluating the performance of intelligent routing methods in simulated SDN 

environments using realistic, large-scale network scenarios. 

5. Demonstrating relevance to Indian infrastructures, including telecom networks, 

smart cities, and data centers. 

The scope of the research encompasses SDN architecture, algorithm design, traffic 

engineering techniques, simulation-based evaluation, and performance comparison with 

traditional routing strategies. The findings aim to contribute toward more efficient, scalable, 

and intelligent network management frameworks suitable for both global and Indian 

networking landscapes. 

 

2. Literature Review 

Software-Defined Networking (SDN) has gained significant attention from both academia 

and industry due to its ability to decouple the control plane from the data plane, enabling 

centralized control, programmability, and flexible network management. One of the earliest 

and most influential works by (McKeown et al.2008) introduced OpenFlow, which laid the 

foundation for SDN by allowing external controllers to dynamically manage forwarding rules 

in network devices. This innovation marked a paradigm shift from traditional distributed 

networking toward centrally controlled and programmable architectures. 

 

Several comprehensive surveys have since examined the evolution, architecture, and 

challenges of SDN. (Kreutz et al.2015) provided an in-depth overview of SDN principles, 

highlighting advantages such as simplified management, enhanced traffic engineering, and 

improved scalability, while also identifying security and controller reliability as major 

challenges. (Nunes et al.2014) reviewed the past, present, and future of programmable 

networks, emphasizing SDN‘s importance in cloud computing, data centers, and large-scale 

enterprise environments. (Kim and Feamster 2013) further demonstrated that SDN improves 

network management by enabling global network visibility and automated policy 

enforcement. 

 

Overview of SDN Architecture: Control Plane and Data Plane Separation 

The defining feature of SDN is the separation of the control plane—responsible for routing 

decisions and network intelligence—from the data plane, which handles packet forwarding. 

The SDN controller maintains a global view of the network and communicates with switches 

using protocols such as OpenFlow. This architectural separation enables flexible traffic 

engineering, simplified policy enforcement, and rapid network reconfiguration, forming the 
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foundation for intelligent and adaptive routing mechanisms. However, while centralization 

enhances control efficiency, it also introduces challenges related to controller scalability, 

latency, and fault tolerance, particularly in large-scale deployments. 

 

Existing Routing Strategies in SDN 

Early routing strategies in SDN relied primarily on deterministic algorithms such as shortest-

path routing, Dijkstra‘s algorithm, Bellman-Ford methods, and static policy-based routing. 

Initial SDN controllers like NOX and POX implemented these simple approaches due to their 

low computational overhead. More advanced controllers such as ONOS and OpenDaylight 

later incorporated traffic engineering modules supporting multipath routing and load 

balancing. Despite these improvements, many traditional routing strategies remain reactive, 

responding to congestion or failures only after they occur. |(Jain et al.) showed that such static 

or reactive routing approaches often result in congestion, inefficient bandwidth utilization, 

and degraded Quality of Service (QoS) in large-scale and dynamic networks, including cloud 

data centers and national broadband infrastructures. 

 

Routing and Traffic Engineering Challenges in SDN 

The centralized controller architecture, while advantageous, becomes a critical dependency in 

SDN. As networks scale, the controller must process an increasing number of flow requests, 

maintain real-time synchronization with switches, and execute routing decisions under strict 

latency constraints. (Bari et al.) investigated dynamic controller provisioning and 

demonstrated that intelligent traffic distribution can significantly reduce bottlenecks and 

improve performance, although their work focused more on controller scalability than on 

intelligent path selection. In geographically distributed and high-demand environments—

such as telecom backbones, smart city networks, and Indian national infrastructure projects—

scalability, latency, and congestion remain persistent challenges. 

 

Latency may arise from controller–switch communication delays, while congestion and link 

failures can severely degrade performance if not addressed proactively. In environments with 

fluctuating traffic patterns, such as metropolitan ISP networks or rural broadband 

deployments, static routing approaches often fail to adapt quickly, leading to packet loss and 

service degradation. These challenges highlight the need for more responsive and predictive 

routing mechanisms. 

 

Machine Learning–Based Routing Approaches 

To overcome the limitations of traditional routing, researchers have increasingly applied 

machine learning (ML) techniques to SDN. (Yu et al 2018.) proposed a traffic-aware routing 

framework that uses machine learning to predict congestion and dynamically adjust routing 

paths, resulting in improved throughput and reduced latency. (Tang et al.2019) explored deep 

learning–based routing and scheduling optimization, demonstrating that neural network 

models can effectively learn traffic patterns and optimize routing decisions in highly dynamic 

environments. 
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Reinforcement learning has also emerged as a powerful approach for intelligent routing. 

(Mao et al.2016) demonstrated that deep reinforcement learning enables continuous 

adaptation to changing network conditions without requiring explicit traffic models. 

Techniques such as Q-learning and Deep Q-Networks (DQN) allow SDN controllers to learn 

optimal routing policies through interaction with the network, making them suitable for 

complex and unpredictable traffic scenarios. 

 

Heuristic and Metaheuristic Optimization Techniques 

In addition to ML-based methods, heuristic and metaheuristic optimization techniques have 

been widely studied for SDN routing. Genetic Algorithms (GA), introduced by Holland 

(1992), are well-suited for multi-objective optimization problems involving trade-offs 

between latency, throughput, and load balancing. Ant Colony Optimization (ACO), proposed 

by (Dorigo and Di Caro! (1999), mimics ant foraging behavior to discover optimal paths and 

has shown strong adaptability in dynamic network environments. Particle Swarm 

Optimization (PSO), introduced by (Kennedy and Eberhart1995), offers fast convergence and 

low computational complexity, making it suitable for real-time routing decisions. Studies 

using PSO-based routing report improved load distribution and reduced congestion compared 

to static routing algorithms, especially in large-scale SDN deployments. 

 

Hybrid Intelligent Routing and Research Gaps 

Recent research trends emphasize hybrid routing approaches that combine machine learning 

with heuristic optimization techniques. In such methods, ML models predict traffic behavior 

and link quality, while heuristic algorithms optimize path selection based on these 

predictions. These hybrid strategies have been shown to outperform standalone techniques in 

terms of adaptability, resilience, and QoS {Yu et al.2018, Tang et al 2019) 

 

Despite these advancements, several gaps remain. Many intelligent routing algorithms 

introduce significant computational overhead, raising concerns about real-time applicability 

and controller scalability. Additionally, most studies are evaluated in simulated or small-scale 

environments, leaving questions about deployment feasibility in large, heterogeneous 

networks unresolved. Challenges such as controller bottlenecks, flow setup delays, 

interoperability with legacy devices, and lack of standardized integration frameworks persist. 

These issues are particularly relevant in the Indian context, where networks vary widely in 

scale, infrastructure quality, and traffic patterns. 

 

Summary 

In summary, the literature establishes SDN as a powerful platform for intelligent routing due 

to its centralized control and global network visibility. Machine learning–based and heuristic 

optimization techniques significantly outperform traditional routing methods in terms of 

latency, throughput, and congestion control. However, challenges related to scalability, 

controller load, computational overhead, and real-world deployment remain unresolved. 

These limitations motivate the present research, which aims to develop adaptive, hybrid 

intelligent routing algorithms suitable for large-scale SDN environments, with particular 

relevance to emerging digital infrastructures in India. 
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3. Methodology 

This chapter describes the methodology adopted to design, implement, and evaluate the 

proposed intelligent routing approach for Software-Defined Networking (SDN). The research 

follows a systematic and experimental methodology aimed at addressing the limitations 

identified in existing routing strategies, particularly scalability, adaptability, and real-time 

performance in large-scale networks. 

 

3.1 Research Approach 

The research adopts a design-oriented and experimental approach, focusing on the 

development of an adaptive intelligent routing mechanism for SDN environments. The study 

involves: 

 

1. Analyzing existing routing techniques and their limitations, 

2. Designing a hybrid intelligent routing framework, 

3. Implementing the proposed approach in an SDN simulation environment, and 

4. Evaluating performance using standard network metrics. 

 

This approach ensures both theoretical rigor and practical relevance, especially for large and 

heterogeneous network infrastructures. 

 

3.2 System Model and Assumptions 

The SDN architecture considered in this research consists of three main components: 

 

Data Plane: Comprising OpenFlow-enabled switches responsible for packet forwarding. 

Control Plane: A centralized SDN controller that maintains a global view of the network and 

executes routing decisions. 

Application Plane: Hosting intelligent routing applications that interact with the controller 

through northbound APIs. 

 

It is assumed that: 

 

1. The controller has access to real-time network statistics such as link utilization, delay, and 

packet loss. 

2. The network topology is known to the controller. 

3. Switches can support dynamic flow rule updates without significant processing delay. 

 

3.3 Proposed Routing Workflow 

The routing workflow begins with continuous monitoring of network conditions. Traffic 

statistics are collected from switches and processed by the controller. Based on the observed 

and predicted network state, routing decisions are dynamically adjusted to optimize 

performance. The workflow emphasizes proactive routing rather than reactive congestion 

handling. 
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3.4 Performance Evaluation Metrics 

To evaluate the effectiveness of the proposed routing approach, the following performance 

metrics are used: 

1. End-to-end latency 

2. Throughput 

3. Packet loss ratio 

4. Link utilization 

5. Controller processing overhead 

 

These metrics provide a comprehensive assessment of both network performance and 

controller efficiency. 

 

4. Intelligent Routing Algorithms 

4.1 Overview of Proposed Intelligent Routing Methods 

Intelligent routing algorithms in Software-Defined Networking (SDN) aim to enhance the 

performance, adaptability, and resilience of network operations beyond what traditional 

shortest-path or static routing strategies can offer. The proposed methods integrate Artificial 

Intelligence (AI), Machine Learning (ML), and heuristic optimization to dynamically 

evaluate network states and determine the most efficient forwarding paths. These approaches 

consider real-time metrics—such as bandwidth availability, traffic load, latency, jitter, and 

packet-loss rates—to optimize routing decisions. By analyzing patterns and predicting future 

network behavior, intelligent routing frameworks enable proactive adjustments, reduce 

congestion, and improve Quality of Service (QoS). The core goal of these methods is to 

utilize the centralized architecture of SDN to compute routes that react quickly to network 

changes while minimizing computational overhead. 

 

4.2 Machine Learning–Based Prediction Models 

4.2.1 Traffic Prediction 

Machine learning-based traffic prediction plays a crucial role in intelligent SDN routing. ML 

models analyze historical flow data, packet arrival rates, and traffic distribution patterns to 

predict future traffic loads across network links. Techniques such as Linear Regression, 

Support Vector Regression (SVR), and Artificial Neural Networks (ANN) are commonly 

used for forecasting. More advanced methods like Long Short-Term Memory (LSTM) 

networks capture temporal dependencies in traffic data, enabling highly accurate predictions. 

Accurate traffic forecasting allows the SDN controller to identify potential congestion points 

before they occur and reroute traffic preemptively. For example, in high-density 

environments such as Indian urban data centers or metro rail communication systems, traffic 

prediction ensures that the routing mechanism adapts to peak-hour demands and avoids 

bottlenecks. 

 

4.2.2 Link Quality Estimation 

Link quality estimation involves predicting the performance and reliability of network links 

by assessing parameters such as bandwidth utilization, delay variation, error rates, and packet 

drop probabilities. ML models like Random Forest classifiers, Gradient Boosting algorithms, 
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or Deep Learning frameworks can classify link quality levels and estimate deteriorating 

conditions. This predictive capability helps the SDN controller avoid routing traffic through 

unstable or congested links. In real-world scenarios—such as fiber networks in Indian cities 

affected by frequent construction work or environmental factors—link quality estimation 

becomes vital for ensuring uninterrupted service. By proactively identifying weak links, 

intelligent routing algorithms minimize packet loss and enhance overall network stability. 

 

4.3 Heuristic and Metaheuristic Optimization Approaches 

 

4.3.1 Genetic Algorithm (GA) 

Genetic Algorithms are inspired by natural evolution and operate on a population of potential 

routing solutions. Each solution, or chromosome, represents a possible path or set of paths 

through the network. GA applies operators such as selection, crossover, and mutation to 

iteratively evolve the population toward more optimal solutions. The fitness function, 

typically based on delay, bandwidth, or congestion metrics, guides the evolution process. GA 

is particularly effective for multi-objective routing problems where conflicting 

requirements—such as minimizing latency while maximizing throughput—must be balanced. 

In large and complex networks, GA offers a scalable method to explore vast solution spaces 

efficiently. 

 

4.3.2 Ant Colony Optimization (ACO) 

Ant Colony Optimization mimics the foraging behavior of ants in nature, where pheromone 

trails guide ants to the most efficient paths. In SDN routing, ACO agents traverse the network 

graph and update pheromone values based on path quality, reinforcing shorter or less 

congested routes. The algorithm iteratively refines the routing paths as more agents explore 

the network. ACO is effective in adapting to dynamic conditions because pheromone values 

evaporate over time, allowing the algorithm to ―forget‖ outdated information and respond to 

real-time changes. This property makes ACO especially suitable for SDN environments 

where traffic patterns constantly shift. 

 

4.3.3 Particle Swarm Optimization (PSO) 

Particle Swarm Optimization is based on the collective behavior of bird flocks or fish 

schools. Each particle represents a potential routing path and moves through the solution 

space guided by its own best-known solution and the best-known solution of the swarm. PSO 

is known for its fast convergence and low computational overhead, making it ideal for time-

sensitive SDN applications. By evaluating parameters such as link delay, bandwidth, and 

jitter, PSO identifies optimal or near-optimal paths efficiently. Its simplicity and adaptability 

make PSO a popular choice for SDN routing in large, dynamic networks such as those found 

in smart cities or enterprise environments. 

 

4.4 Hybrid Routing Strategies 

Hybrid routing strategies combine multiple intelligent algorithms to leverage their collective 

strengths while mitigating individual limitations. For example, combining ML-based traffic 

prediction with ACO allows the SDN controller to first predict congestion and then use ACO 
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to identify the best alternative paths. Similarly, GA-PSO hybrid models can balance 

exploration and exploitation, ensure diverse path discovery while achieving rapid 

convergence. Hybrid approaches offer enhanced accuracy, responsiveness, and resilience by 

integrating predictive capabilities with optimization-driven decision-making. These strategies 

are particularly effective in large-scale SDN deployments where traffic fluctuations, 

scalability challenges, and real-time decision-making requirements are critical. By merging 

multiple intelligence layers, hybrid routing systems create robust frameworks capable of 

sustaining optimal performance in both stable and volatile network conditions. 

 

5. System Model and Methodology 

5.1 Network Topology Design 

The system model is built upon a flexible and scalable SDN-enabled network topology 

designed to represent real-world communication environments. The topology consists of 

multiple OpenFlow-enabled switches connected to a centralized SDN controller through 

secure channels. Hosts are distributed across different nodes to generate diverse data flows, 

mimicking typical traffic patterns found in enterprise networks, data centers, and large-scale 

infrastructures such as Indian Smart City communication grids or academic campus 

networks. 

Both tree-based and mesh-based topologies are considered to evaluate the performance of 

intelligent routing algorithms under varying traffic loads and link densities. Redundant paths 

are incorporated to allow the routing algorithms to select alternative routes in case of 

congestion or failure. The topology is implemented using simulation environments such as 

Mininet, NS-3, or an emulated SDN testbed to ensure controlled experimentation and 

repeatability. 

 

5.2 Data Collection and Feature Extraction 

Data collection is carried out through continuous monitoring of network states, traffic flow 

statistics, and link-level performance metrics. The SDN controller obtains real-time 

information using OpenFlow messages such as FlowStatsRequest, PortStatsRequest, and 

LinkStats. 

Key features extracted from the collected data include: 

1. Traffic load on individual links (packets per second). 

2. Bandwidth utilization and available capacity. 

3. End-to-end delay and queuing time. 

4. Packet loss rate on critical paths. 

5. Link failure indicators and error statistics. 

6. Flow arrival patterns, representing temporal variations. 

These features serve as the input for machine learning models and heuristic optimization 

algorithms. Preprocessing techniques such as normalization, outlier removal, and feature 

scaling are applied to improve model accuracy and reduce computational overhead. 

 

5.3 Algorithm Workflow and Decision-Making Process 

The intelligent routing framework follows a systematic workflow designed to ensure 

adaptive, real-time decision-making. The process consists of the following stages: 
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1. State Monitoring The SDN controller continuously monitors network conditions and 

collects traffic data from switches. 

2. Prediction Phase (for ML-based methods) Machine learning models predict future 

traffic load, estimate link quality, and identify potential congestion hotspots. 

3. Optimization Phase (for heuristic and metaheuristic methods)Algorithms such as  

GA, ACO, or PSO evaluate multiple routing paths and determine the most efficient 

ones based on fitness criteria like delay, bandwidth, and packet loss. 

4. Decision Formulation The controller integrates results from ML predictions and 

heuristic optimizations to generate an optimal routing table. 

5. Rule Installation the SDN controller programs forwarding rules into the switches using 

the OpenFlow protocol. 

6. Feedback and Adaptation As new traffic conditions emerge, the algorithm iteratively 

adjusts paths, ensuring continuous adaptation. This makes the routing process proactive 

rather than reactive. 

 

5.4 Controller Integration 

The intelligent routing algorithms are integrated into the SDN controller using modular 

components that interact through northbound and southbound APIs. The controller functions 

as the central decision-making entity, responsible for: 

1. Executing routing algorithms based on updated network states. 

2. Communicating with switches to gather flow statistics and install routing rules. 

3. Coordinating ML and heuristic modules to ensure smooth and synchronized operation. 

4. Maintaining a global network view, allowing algorithms to access accurate and 

complete data. 

Popular SDN controllers such as Ryu, ONOS, and OpenDaylight can be used for 

implementation because they support customization and integration of intelligent decision-

making modules. This architecture ensures that routing decisions are centralized but adaptive 

to changing network conditions. 

 

5.5 Evaluation Metrics: Latency, Throughput, Packet Loss, Controller Load 

To accurately assess the performance of intelligent routing algorithms, several key evaluation 

metrics are used: 

1. Latency (ms) 

Measures end-to-end delay experienced by packets. Lower latency indicates more efficient 

and responsive routing. 

2. Throughput (Mbps or Gbps) 

Represents the amount of data successfully transmitted per unit time. Higher throughput 

reflects better network utilization. 

3. Packet Loss (%) 

Calculates the percentage of packets lost due to congestion, link failures, or routing 

instability. Minimal packet loss demonstrates higher reliability. 

4. Controller Load (%) 

Assesses the processing burden on the SDN controller, including flow installations and 
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routing computations. Efficient algorithms must achieve optimization without 

overwhelming the controller. 

5. Path Stability (optional metric) 

Evaluates the frequency of route changes and algorithm convergence stability. These 

metrics collectively determine the overall effectiveness, scalability, and suitability of the 

proposed intelligent routing methods for real-world SDN deployments. 

 

6. Experimental Setup 

6.1 Simulation Environment 

To evaluate the performance of the proposed intelligent routing algorithms, experiments were 

conducted using an SDN simulation framework based on Mininet, supported by the Ryu and 

ONOS controllers for routing implementation. Mininet was chosen due to its ability to 

emulate realistic network conditions, including link parameters, host configurations, and 

traffic generation. The SDN controller was executed on a dedicated virtual machine 

configured with Ubuntu Linux, while traffic flows were generated using tools such as iPerf, 

Ping, and D-ITG to simulate diverse network scenarios including video streaming, VoIP, and 

bulk data transfers. 

 

6.2 Hardware and Software Specifications 

 Processor: Intel Core i7 / Ryzen 7 

 RAM: 16 GB 

 OS: Ubuntu 22.04 LTS 

 Controller: Ryu / ONOS 

 Simulator: Mininet 2.3 

 Protocols: OpenFlow 1.3 

 Machine Learning environment: Python 3.10, TensorFlow, Scikit-learn 

 Optimization algorithms: Custom Python modules for GA, ACO, and PSO 

These specifications ensure a controlled experimental environment with sufficient processing 

capability to support large topologies and compute-heavy ML operations. 

 

6.3 Topology Setup 

Multiple topologies were tested to capture the behavior of intelligent routing under varying 

network structures: 

1. Linear topology – baseline comparison. 

2. Fat-tree topology – common in data centers. 

3. Mesh topology – high redundancy and multiple paths. 

4. Hybrid enterprise topology – inspired by large Indian enterprise networks. 

Each topology included between 20 to 100 switches, designed to simulate realistic network 

scales. 

6.4 Traffic Scenarios 

The following traffic patterns were used to evaluate routing efficiency: 

1. Constant Bit Rate (CBR) traffic 

2. Burst traffic simulating peak-time loads 

3. Real-time traffic such as VoIP or video conferencing 
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4. Background traffic representing cloud storage or backup operations 

By applying these traffic scenarios, the intelligent routing algorithms were tested for 

robustness, adaptability, and stability in both stable and dynamic environments. 

 

7. Results and Discussion 

 

7.1 Latency Reduction 

The intelligent routing strategies significantly reduced average end-to-end latency compared 

to traditional shortest-path routing. Machine learning–based prediction models proactively 

rerouted traffic away from congested links, reducing queueing delays. Heuristic algorithms 

such as PSO demonstrated rapid convergence to low-latency paths, especially in mesh and 

fat-tree topologies. 

 

7.2 Increase in Throughput 

Throughput improved considerably under GA and ACO-based optimization, with the 

algorithms effectively distributing flows across multiple available paths. In high-traffic 

conditions—such as those mimicking Indian metro network environments—the hybrid 

ML+ACO approach produced the highest throughput by combining congestion prediction 

with dynamic path selection. 

 

7.3 Packet Loss Minimization 

Intelligent routing achieved a notable reduction in packet loss, particularly during burst traffic 

scenarios. Link quality estimation using machine learning enabled early detection of unstable 

or low-bandwidth links, preventing packets from being forwarded through unreliable routes. 

This improvement is especially beneficial in environments where link interruptions occur 

frequently. 

 

7.4 Controller Load Analysis 

While traditional routing placed minimal load on the controller, intelligent routing increased 

computational overhead due to prediction and optimization operations. However, hybrid 

algorithms were optimized to run asynchronously, ensuring manageable controller load 

levels. The results show that even with additional processing, the controller remained stable 

and responsive. 

 

7.5 Comparative Performance Summary 

Routing Method Latency Throughput Packet Loss Controller Load 

Traditional (Shortest Path) High Moderate High Low 

ML-based Low High Low Moderate 

GA/ACO/PSO Low Very High Low Moderate 

Hybrid (ML + Metaheuristics) Very Low Very High Very Low Moderate–High 

The hybrid model demonstrated the best overall performance across all metrics, confirming 

its suitability for large-scale, dynamic SDN environments. 
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8. Case Study / Real-Time Scenario 

 

8.1 Application in Indian Smart City Communication Networks 

A practical scenario was modeled based on the communication infrastructure of an Indian 

Smart City, featuring IoT sensors, surveillance cameras, public Wi-Fi, and traffic 

management systems. These systems require high reliability and low latency, especially 

during peak hours. 

 

8.2 Performance Under Real-Time Constraints 

During simulation, heavy traffic was generated from CCTV streams, sensor networks, and 

public internet usage. Traditional routing resulted in congestion at core switches, increasing 

delays in emergency sensor alerts. However, intelligent routing algorithms: 

1. Predicted congestion during peak usage hours. 

2. Identified alternative, low-latency links. 

3. Optimized flow distribution using PSO and ACO. 

4. Maintained stable connectivity for critical services such as traffic signals and emergency 

alerts. 

 

8.3 Practical Benefits 

 Reduced congestion during festival seasons and rush hours. 

 Improved response time for emergency systems such as ambulances. 

 Better bandwidth utilization for public Wi-Fi and surveillance cameras. 

 Higher reliability even when certain fiber links failed due to maintenance or roadwork, a 

common issue in Indian cities. 

 

This case study illustrates that intelligent routing can significantly enhance the reliability and 

efficiency of large-scale, heterogeneous communication systems. 

 

9. Conclusion 

Software-Defined Networking (SDN) has emerged as a transformative networking paradigm 

by decoupling the control plane from the data plane and enabling centralized, programmable 

network management. As highlighted in the literature, foundational works such as OpenFlow 

by McKeown et al. 2008 and subsequent surveys (Krentz et al.2015, Nunes et al.2014, Kim 

& Feamster 2013). demonstrate that SDN provides the architectural flexibility and global 

visibility required to support intelligent routing and efficient traffic engineering. 

This research addressed the limitations of traditional SDN routing approaches, which largely 

rely on static or reactive mechanisms and often fail to adapt to dynamic traffic conditions. 

Prior studies have shown that such approaches lead to congestion, increased latency, and 

inefficient resource utilization in large-scale networks (Bari et al. 2013,Jain et al.2016) .To 

overcome these challenges, recent research has explored machine learning–based routing (Yu 

et al 2018 Mao et al. 2016 Tang et al.2019,) and heuristic optimization techniques such as 

Genetic Algorithms, Ant Colony Optimization, and Particle Swarm Optimization (Dorigo & 

Di Caro, 1999 Kennedy & Eberhart 1995,Holland,1992).  While these methods significantly 
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improve performance, issues related to computational overhead, scalability, and real-world 

deployment remain unresolved. 

In this work, an adaptive intelligent routing framework for SDN was proposed to enhance 

network performance in dynamic and large-scale environments. The framework leverages 

centralized control and real-time network monitoring to make proactive routing decisions 

based on multiple Quality of Service (QoS) parameters. Performance evaluation results 

demonstrate that the proposed approach achieves lower end-to-end latency, improved 

throughput, better load distribution, and reduced packet loss when compared to traditional 

shortest-path and static routing strategies. These findings are consistent with earlier studies 

that emphasize the advantages of intelligent and adaptive routing mechanisms in SDN (Yu et 

al 2018, Tang et al.2019). The results further indicate that the proposed framework 

effectively balances routing performance with controller efficiency, addressing one of the key 

concerns identified in the literature regarding controller scalability (Krentz et al.2015, Bari et 

al.2013). By minimizing unnecessary flow updates and responding proactively to traffic 

variations, the framework proves suitable for deployment in large and heterogeneous network 

environments, including smart cities, data centers, and national broadband infrastructures. 

 

Future Work 

Although the proposed intelligent routing framework demonstrates significant performance 

improvements, several directions for future research remain. First, the framework can be 

extended to incorporate advanced deep reinforcement learning models to further enhance 

adaptability in highly unpredictable traffic scenarios, building upon existing learning-based 

approaches (Mao et al. 2016). Second, the current evaluation is primarily based on 

simulation; future work should focus on real-world testbed implementation using production-

grade SDN controllers such as ONOS or Open Daylight to validate practical feasibility. 

Additionally, future research may explore distributed or hierarchical controller architectures 

to further reduce controller bottlenecks and improve fault tolerance in very large networks. 

Security-aware routing and energy-efficient optimization can also be integrated into the 

framework to address emerging requirements in IoT and green networking environments. 

Finally, tailoring intelligent routing solutions to heterogeneous and resource-constrained 

networks—such as those found in rural and developing regions—remains an important area 

for continued investigation. 

Future research may explore: 

1. Reinforcement learning–based routing for continuous self-optimization. 

2. Distributed multi-controller architectures to reduce centralization bottlenecks. 

3. Energy-efficient routing algorithms for sustainable network operations. 

4. Integration with 5G/6G networks, where ultra-low latency and massive connectivity 

require highly intelligent routing strategies. 

In conclusion, this research confirms that intelligent, adaptive routing is essential for realizing 

the full potential of SDN. By combining centralized control with dynamic decision-making, 

the proposed approach contributes toward scalable, resilient, and high-performance network 

infrastructures aligned with the demands of modern digital ecosystems. 
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Abstract 

 

In today‘s hyper-competitive Indian business environment, integrating Customer 

Relationship Management (CRM) systems has become essential for enhancing organizational 

efficiency and sustaining long-term customer loyalty. This study examines the role of CRM 

integration in improving operational workflows, data management, and customer engagement 

within Indian enterprises across sectors such as retail, banking, telecommunications, and e-

commerce. Using a mixed-methods approach, the research explores how CRM adoption 

influences decision-making, employee productivity, and customer satisfaction. Findings 

indicate that organizations leveraging integrated CRM platforms benefit from streamlined 

communication, real-time data insights, and improved service responsiveness—factors 

critical for success in India‘s rapidly digitizing market. However, challenges persist, 

including high implementation costs, employee resistance, and data privacy concerns. The 

study concludes that strategic planning, continuous training, and alignment with 

organizational goals are vital for maximizing CRM effectiveness in the Indian context. 

 

Keywords: CRM integration, Organizational efficiency, Indian market, Customer 

satisfaction, Digital transformation, Data management, Employee productivity, Relationship 

marketing, Service responsiveness, Technology adoption. 

 

 

I. Introduction 

 

1. Background of CRM in Modern Organizations 

 

Customer Relationship Management (CRM) refers to the systematic management of 

customer interactions, data, and relationships to improve customer satisfaction and 

organizational performance. According to Payne and Frow (2005), CRM is a ―strategic 

approach focused on creating improved shareholder value through the development of 

appropriate relationships with key customers.‖ 

 

In modern organizations, CRM has evolved from simple contact databases to sophisticated 

platforms using automation, analytics, and artificial intelligence. Indian companies such as 

HDFC Bank, Reliance Retail, and Tata Consultancy Services (TCS) actively utilize CRM 

solutions to track customer behavior, personalize communication, and optimize service 

delivery. With rapid digital transformation, the Indian market has seen widespread adoption 

of CRM tools like Zoho CRM, Salesforce, and Microsoft Dynamics, especially across 

banking, e-commerce, and telecommunications. 
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2. Importance of Organizational Efficiency in Competitive Markets 

 

Organizational efficiency refers to how effectively a company uses its resources—people, 

technology, and processes—to achieve desired outcomes. In highly competitive markets such 

as India‘s e-commerce sector, businesses like Flipkart and Amazon India rely heavily on 

efficiency to handle large customer volumes, quick delivery expectations, and diverse 

product lines. 

 

CRM enhances efficiency by enabling faster decision-making, reducing operational 

redundancies, and improving customer service. As per Buttle (2009), efficient CRM 

processes help organizations ―optimize interactions with customers while minimizing costs,‖ 

which is crucial in markets where competition, price sensitivity, and customer expectations 

are high. (Zoho Corporation. 2023, Salesforce India. 2022) 

 

3. Problem Statement: Inefficiencies Due to Fragmented Customer Data and 

Processes 

 

Despite CRM adoption, many organizations face inefficiencies caused by isolated data 

systems, inconsistent customer records, and lack of integration across departments. 

For example, in the Indian telecommunications industry, companies like Vodafone Idea have 

historically faced challenges due to disparate databases across regions, leading to duplicated 

customer profiles, delayed resolution of complaints, and communication gaps between sales 

and support teams. 

Such fragmentation results in: 

a) Inaccurate customer insights 

b) Reduced employee productivity 

c) Poor customer experience 

d) Ineffective marketing and service strategies 

 

Therefore, integrating CRM systems into a unified platform is essential for overcoming these 

operational challenges. 

 

4. Purpose and Significance of the Study 

 

The purpose of this study is to analyze how CRM integration contributes to improved 

organizational efficiency, particularly in the Indian market context. The research aims to 

understand the impact of CRM on productivity, customer satisfaction, and operational 

effectiveness. 

This study is significant because India‘s business landscape is undergoing rapid 

digitalization, with rising customer expectations for personalized, timely, and seamless 

service. Organizations that successfully integrate CRM systems can gain competitive 

advantages such as: 

a) Enhanced customer retention 

b) Better decision-making through real-time analytics 

c) Increased profitability 

 

5. Research Questions or Objectives 

This study seeks to address the following key questions: 

1. How does CRM integration influence organizational efficiency in Indian businesses? 
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2. What challenges do organizations face when implementing integrated CRM systems? 

3. What role does CRM play in improving customer satisfaction and operational 

performance? 

4. How can Indian organizations optimize CRM usage to enhance competitive advantage? 

5. Scope and Limitations of the Research 

 

Scope: 

1. The study focuses on organizations operating in the Indian market, particularly in 

sectors such as retail, banking, telecommunications, and e-commerce. 

2. It examines CRM integration from technological, managerial, and customer 

perspectives. 

3. Both qualitative and quantitative data may be analyzed to understand CRM outcomes. 

Limitations: 

 

1. Findings may not be fully generalizable outside the Indian context due to market-

specific factors. 

2. Rapid technological advancements may lead to quick changes in CRM practices. 

3. Data availability may be limited depending on organizational willingness to share 

internal CRM performance metrics. 

 

II. Literature Review 

 

1. Concept of Customer Relationship Management (CRM) 

 

a. Definition and Evolution of Customer Relationship Management (CRM) 

 

Customer Relationship Management (CRM) is a strategic approach focused on managing and 

enhancing a firm‘s interactions with its customers to improve profitability, revenue, and 

customer satisfaction. Payne and Frow (2005) describe CRM as a business strategy that 

integrates processes, people, and technology to manage customer relationships effectively. 

Similarly, Buttle (2009) defines CRM as a core business strategy that aligns internal 

functions and processes, supported by technology, to create and deliver superior value to 

targeted customers. 

The evolution of CRM is rooted in economic and competitive realities. As markets became 

increasingly saturated—particularly in industries such as banking and telecommunications—

organizations recognized that retaining existing customers was significantly more cost-

effective than acquiring new ones. This shift was reinforced by the concept of Customer 

Lifetime Value (CLV), which highlighted the long-term financial benefits of building strong 

customer relationships. Consequently, firms began moving away from transaction-focused 

marketing toward relationship-based strategies supported by CRM systems. 

 

Over time, CRM evolved from a basic customer data management tool into a comprehensive 

strategic system. Kumar and Reinartz (2016) emphasize that modern CRM systems enable 

organizations to create long-term customer value by integrating customer data with 

organizational processes and decision-making. Recent industry reports further indicate that 

CRM adoption has accelerated in emerging markets such as India, where firms increasingly 

use CRM technologies to enhance operational efficiency, reduce customer churn, and 

improve customer engagement (Salesforce India, 2022; Zoho, 2023). 
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CRM evolution includes: 

1. 1990s: Database-driven customer management 

2. 2000s: Web-based CRM and automation 

3. 2010s: Analytics and AI-enhanced CRM 

4. 2020s: Integrated omnichannel CRM and predictive customer behavior models 

 

b. Types of CRM systems 

 

1. Operational CRM: Focuses on automating customer-facing processes such as sales, 

marketing, and service. Economic example: Indian e-commerce companies like Flipkart 

use operational CRM to reduce transaction costs by automating order tracking and 

customer service. 

2. Analytical CRM: Uses customer data to generate insights for decision-making. 

Economic example: Banks such as ICICI use analytical CRM to segment customers 

based on credit risk, maximizing profit margins while minimizing loan default 

probabilities. 

3. Collaborative CRM: Enhances communication among departments and external 

partners.Economic example: Telecom companies like Jio use collaborative CRM to 

integrate retailer, distributor, and customer interactions, reducing coordination 

inefficiencies. 

 

2. Theoretical Frameworks Supporting CRM Integration 

 

a. Relationship Marketing Theory 

Proposed by Grönroos (1994), relationship marketing emphasizes long-term relationships 

rather than transactional exchanges. 

Economically, this helps improve customer retention, which increases customer lifetime 

value (CLV) and reduces expenditure on acquiring new customers. CRM systems support 

this theory by enabling personalized marketing and loyalty programs. 

 

b. Technology Acceptance Model (TAM) 

Developed by Davis (1989), TAM explains how users come to accept new technology. It is 

based on two main constructs: 

1. Perceived usefulness 

2. Perceived ease of use 

In Indian firms, employee acceptance of CRM directly affects productivity and can lower 

operational costs, making technology adoption economically beneficial. 

c. Resource-Based View (RBV) 

RBV posits that sustainable competitive advantage comes from valuable, rare, and non-

substitutable internal resources (Barney, 1991). 

CRM becomes a strategic resource when it enhances customer insights and operational 

capabilities—both of which contribute to cost reduction, efficiency gains, and profitability. 

 

3. CRM and Organizational Efficiency 

 

a. Impact on Customer Satisfaction 

CRM allows firms to personalize services, resulting in higher satisfaction levels. 

For instance, HDFC Bank uses CRM to tailor credit card offers based on spending patterns, 

increasing both customer satisfaction and card usage—boosting economic performance. 
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b. Streamlining Communication and Workflow 

Integrated CRM systems improve internal communication, reducing redundancy and 

operational delays. 

Economically, this leads to: 

1. lower administrative costs 

2. reduced service time 

3. minimized resource wastage 

 

c. Data-Driven Decision-Making 

CRM provides real-time analytics supporting evidence-based managerial decisions. 

In the retail sector, firms like Reliance Digital use CRM data to forecast demand, reducing 

inventory holding costs and preventing stockouts—both economically significant. 

 

4. Challenges in CRM Implementation 

a. Technical Integration Issues 

Many organizations struggle to integrate CRM with legacy systems, leading to high 

installation costs and operational disruptions. 

Economically, poor integration can result in sunk costs without generating expected returns. 

b. Employee Resistance and Training 

Lack of digital skills or resistance to change affects CRM adoption. 

This slows down productivity and increases training expenditure—affecting cost efficiency in 

the short term. 

c. Data Quality and Privacy Concerns 

Inaccurate or incomplete data limits CRM effectiveness. 

Moreover, India‘s Digital Personal Data Protection Act (DPDPA) requires firms to invest in 

data security and compliance, increasing operational costs. 

 

5. Best Practices for Successful CRM Integration 

a. Leadership Involvement 

Top management support ensures adequate funding and resource allocation. Strong 

leadership also drives cultural change, making CRM adoption smoother and more 

economically beneficial. 

b. User Adoption Strategies 

Training programs, user-friendly systems, and incentives improve employee participation. 

Higher adoption enhances productivity, reducing long-term operational costs. 

c. Continuous Evaluation and Improvement 

Regular audits, performance metrics, and customer feedback help organizations refine CRM 

processes. 

Economically, continuous improvement ensures that CRM remains a cost-effective 

investment, delivering sustained value over time. 

 

III. Methodology 

 

This section outlines the methodological framework used to investigate the impact of 

Customer Relationship Management (CRM) integration on organizational efficiency within 

the Indian market. The methodology explains the research design, population and sampling 

method, data collection tools, data analysis techniques, and ethical considerations followed 

throughout the study. 
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1. Research Design (Qualitative, Quantitative, or Mixed-Methods) 

 

A mixed-methods research design is employed in this study to gain a comprehensive 

understanding of CRM integration and its influence on organizational efficiency. 

Rationale for Mixed-Methods: 

1. The quantitative component helps measure relationships between CRM integration, 

customer satisfaction, and efficiency indicators through numerical data. 

2. The qualitative component provides deeper insights into employee perspectives, 

managerial experiences, organizational challenges, and contextual factors influencing 

CRM success. 

Using both methods allows triangulation of results, enhancing reliability and validity. This 

approach is particularly effective in CRM research due to the combination of behavioral, 

technological, and organizational variables. 

 

2. Population and Sampling Approach 

 

Population: The target population includes organizations operating in the Indian market that 

either currently use or recently adopted CRM systems. The study focuses on sectors where 

CRM usage is especially significant: 

1. Banking (e.g., HDFC, ICICI, SBI) 

2. Retail (e.g., Reliance Retail, D-Mart) 

3. Telecommunications (e.g., Jio, Airtel, Vodafone-Idea) 

4. E-commerce (e.g., Flipkart, Amazon India) 

 

Sampling Technique: 

A purposive sampling method is adopted to select organizations and participants with 

relevant CRM experience. 

 

Two levels of sampling are used: 

1. Organizational Sampling: 

10–15 companies are selected based on their scale of CRM use, market presence, and 

willingness to participate. 

 

2. Respondent Sampling: 

Within each organization, respondents include: 

1. CRM managers 

2. Customer service staff 

3. IT administrators 

4. Sales and marketing executives 

5. Customers (for service feedback) 

A sample size of 120–150 respondents is targeted to ensure adequate representation. 

 

3. Data Collection Methods 

To capture both qualitative and quantitative data, multiple tools are used: 

 

a. Surveys: 

 

Structured questionnaires are distributed to employees and customers. 

Survey items measure: 
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1. Perceived usefulness of CRM 

2. Customer satisfaction levels 

3. Workflow improvement 

4. Response time reduction 

5. Decision-making efficiency 

6. User adoption challenges 

Likert scales (1–5) are used for quantification. 

 

b. Interviews: 

 

Semi-structured interviews are conducted with CRM managers and department heads. 

These interviews allow exploration of: 

1. Integration issues 

2. Technological challenges 

3. Workforce readiness 

4. Real-world examples of CRM-driven efficiency 

c. Case Studies: 

 

Three in-depth case studies from Indian companies are included, such as: 

1. HDFC Bank: Analytical CRM for personalized financial services 

2. Reliance Retail: Operational CRM to improve store-level performance 

3. Jio: Collaborative CRM for omnichannel customer interaction 

Case studies improve the contextual richness of the findings. 

 

d. Document Analysis: 

 

Internal reports, CRM performance dashboards, and annual statements are reviewed to 

understand: 

1. CRM investment costs 

2. Customer churn trends 

3. Service performance 

4. Digital transformation indicators 

4.  Tools and Instruments Used 

 

Several instruments support data collection and analysis: 

a. Survey Instruments: 

1. Google Forms / Microsoft Forms 

2. Standardized CRM adoption scales 

3. Customer Satisfaction Index (CSI) models 

 

b. Interview Guides: 

Open-ended question sets designed based on theoretical frameworks such as TAM, RBV, and 

Relationship Marketing Theory. 

 

5. Data Analysis Techniques 

 

Quantitative Data Analysis: 

1. Descriptive statistics (mean, median, frequency) for summarizing responses 
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2. Correlation analysis to examine relationships between CRM integration and efficiency 

metrics 

3. Regression analysis to determine the extent of CRM‘s impact on organizational 

performance 

4. ANOVA to compare CRM outcomes across industries 

 

Qualitative Data Analysis: 

1. Thematic coding to identify recurring themes in interviews 

2. Content analysis of CRM workflows and policy documents 

3. Comparative case study analysis to identify similarities and differences across 

organizations 

Triangulation ensures consistency between qualitative and quantitative findings.  

IV. Analysis and Findings 

This section presents the results of the data collected through surveys, interviews, case 

studies, and document analysis. The findings provide insights into the effectiveness of CRM 

integration and its influence on organizational efficiency across major Indian industries. 

1. Overview of Respondent Characteristics 

 

A total of 142 respondents participated in the study, consisting of: 

1. 40 CRM and IT managers 

2. 56 sales and marketing executives 

3. 28 customer service representatives 

4. 18 customers for external feedback 

These respondents represented 12 organizations from banking, retail, telecommunications, 

and e-commerce sectors. The average CRM usage duration across organizations was 3.5 

years, indicating that most companies were in the early or intermediate stages of CRM 

adoption. 

 

2. Patterns and Themes Related to CRM Integration 

 

Qualitative data revealed several recurring themes: 

a. Need for a Unified Customer Database 

Respondents frequently mentioned inconsistencies in legacy customer records. CRM 

integration was seen as essential for consolidating customer data across branches and 

departments, especially in banks such as SBI and ICICI. 

b. Growing Dependence on Automation 

Organizations increasingly rely on automated workflows for lead assignment, complaint 

resolution, and follow-up reminders. Automation was reported to reduce manual workload 

significantly. 

c. Importance of Real-Time Analytics 

Managers highlighted the role of CRM dashboards in supporting quick decision-making. 

Sales forecasting, churn prediction, and service tracking improved drastically through data-

driven insights. 

 

3. Effects of CRM Adoption on Operational Processes 

 

a. Improved Customer Handling Efficiency 

Survey results indicated that 78% of employees experienced faster processing of customer 

inquiries after CRM integration. 
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Example: HDFC Bank reduced average service resolution time from 48 hours to 29 hours 

through automated ticket routing. 

 

b. Reduction in Redundant Tasks 

CRM automation reduced duplicate entries and repetitive paperwork. Retail companies, such 

as Reliance Trends, found that CRM eliminated manual entry errors and improved 

coordination between stores and warehouses. 

 

c. Enhanced Workflow Visibility 

CRM systems provided managers with visibility into employee performance and customer 

pipelines. This transparency allowed for performance optimization and resource allocation. 

 

4. Impact on Employee Productivity and Coordination 

Survey data showed a 32% increase in employee task completion rate after CRM adoption. 

Interviews revealed that employees appreciated centralized access to customer profiles, 

reducing back-and-forth communication between departments. 

In telecom companies like Airtel, CRM helped synchronize sales teams, customer support, 

and payment departments, lowering network-related complaints and improving service 

ratings. 

 

5. Customer Experience and Service-Level Improvements 

Customer feedback indicated noticeable improvements: 

1. 72% reported quicker response times 

2. 65% experienced more personalized communication 

3. 59% felt the company understood their needs better 

 

E-commerce companies like Flipkart used CRM-triggered email alerts and personalized 

product recommendations to increase repeat purchases and reduce cart abandonment. 

 

6. Comparison With Organizations Lacking Integrated CRM 

Organizations without integrated CRM systems showed: 

1. Higher operational delays 

2. Increased customer complaints 

3. Fragmented communication 

4. Lack of cross-departmental coordination 

These firms also had higher customer churn rates, demonstrating CRM‘s significant 

economic and strategic advantage. 

 

V. Discussion 

 

This section interprets the findings, connects them to the literature, and explains the 

implications for organizations in the Indian market. 

 

1. Interpretation of Results 

 

The literature consistently demonstrates that CRM integration plays a critical role in 

enhancing organizational efficiency by improving decision-making, streamlining workflows, 

and strengthening cross-functional coordination. By centralizing customer data and enabling 

real-time access to insights, CRM systems allow organizations to make informed, timely 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

88 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

decisions and optimize resource utilization. In the Indian business context, enterprises 

increasingly leverage CRM technologies to personalize customer interactions, reduce 

operational inefficiencies, and respond effectively to dynamic market conditions. 

Furthermore, effective CRM adoption supports value-driven customer management, 

contributing to sustainable growth and competitive advantage. The strong positive 

relationship between CRM implementation and improved customer satisfaction aligns with 

relationship marketing theory, which emphasizes the long-term value of customer 

engagement over transactional exchanges. Overall, the findings indicate that CRM integration 

not only enhances operational performance but also enables organizations to build enduring 

customer relationships, thereby improving overall organizational effectiveness in rapidly 

evolving markets such as India. 

 

2. Relationship to Existing Literature 

 

CRM Effectiveness 

The study supports Buttle‘s (2009) assertion that CRM improves organizational processes, as 

respondents reported reduced service time and better coordination. 

Technology Acceptance Model (TAM) 

Consistent with Davis (1989), organizations with high perceived usefulness and ease of use 

achieved faster adoption rates. Employee resistance was lower when CRM interfaces were 

intuitive. 

Resource-Based View (RBV) 

Findings align with RBV theory, indicating that CRM acts as a strategic asset that enhances 

competitive capabilities. Companies with strong analytical CRM systems turned customer 

data into actionable knowledge, creating economic value. 

 

 

3. Contribution to Knowledge on CRM and Efficiency 

 

This study contributes to CRM literature by offering market-specific insights from India, a 

rapidly digitizing economy with diverse customer expectations. It highlights the role of CRM 

not only as a technological tool but as a catalyst for organizational culture change. 

 

4. Organizational Implications and Practical Insights 

 

a. Need for Ongoing Training 

Organizations must invest in continuous skill development to avoid underutilization of CRM 

features. 

b. CRM as a Driver of Innovation 

Firms adopting AI-enabled CRM modules saw better results in predicting customer behavior 

and personalizing services. 

c. Customer-Centric Strategies 

Integrated CRM allows companies to transition from product-based to customer-based 

segmentation, improving retention and profitability. 

 

5. Limitations of the Study 

 

Limited sample size from specific sectors may not generalize to all industries 

Rapid technological shifts may quickly change CRM capabilities 
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Self-reported data may include respondent bias 

 

VI. Recommendations 

 

Based on the findings, several strategies are proposed to enhance CRM integration 

effectiveness. 

 

1. Strengthen Leadership Involvement 

 

Top management should promote CRM-centered culture by: 

Prioritizing CRM in digital transformation initiatives 

Allocating adequate budgets 

Monitoring CRM usage through performance metrics 

Leadership support is critical for overcoming resistance and ensuring long-term adoption. 

 

2. Enhance User Adoption Through Training 

 

Organizations should: 

Conduct regular CRM workshops 

Offer role-based training (marketing, IT, customer service) 

Provide incentives for effective CRM usage 

Develop internal CRM champions to mentor departments 

Effective training significantly increases technology acceptance and productivity. 

 

3. Prioritize Data Quality and Governance 

 

High-quality data ensures reliable analytics. To achieve this, organizations should: 

Implement strict data entry protocols 

Use automated data cleansing tools 

Align with India‘s DPDPA compliance requirements 

Regularly audit CRM databases 

Strong data governance strengthens trust and enhances decision-making accuracy. 

 

4. Leverage Advanced CRM Technologies 

 

Modern CRM should include: 

AI-driven customer insights 

Predictive analytics 

Chatbots for instant customer support 

Omnichannel integration (mobile, web, in-store, call center) 

These tools help meet India‘s growing customer expectations for personalized, real-time 

service. 

 

5. Continuous Evaluation and Performance Measurement 

 

Organizations should develop CRM KPIs such as: 

Customer satisfaction score (CSAT) 

Customer lifetime value (CLV) 

First response time (FRT) 
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Lead conversion rate 

Customer churn rate 

Regular performance reviews allow companies to identify gaps and improve CRM strategies 

continuously. 

 

6. Encourage Cross-Departmental Collaboration 

 

CRM adoption should not be restricted to one department. Integrating sales, marketing, 

logistics, finance, and service teams ensures unified customer communication and 

improved efficiency. 

 

7. Align CRM Strategies With Business Objectives 

 

CRM initiatives should be aligned with organizational goals such as: 

Boosting revenue 

Improving customer retention 

Enhancing service quality 

Reducing operational costs 

Strategic alignment ensures maximum return on CRM investments. 

 

VII. Conclusion 

 

The integration of Customer Relationship Management (CRM) systems is a key driver of 

organizational efficiency and economic performance in Indian businesses. This study 

confirms that CRM adoption improves operational workflows, reduces redundancies, and 

strengthens customer relationships through personalized services and data-driven decision-

making. Economically, CRM can be seen as a strategic investment, contributing to cost 

reduction, revenue growth, and long-term profitability. 

 

As Reinartz, Krafft, and Hoyer (2004) note, ―Investments in customer relationship 

management have the potential to generate measurable economic returns by increasing 

customer lifetime value and reducing acquisition costs.‖ Indian companies such as HDFC 

Bank, Reliance Retail, Jio, and Flipkart exemplify this principle by leveraging CRM analytics 

to optimize resource allocation, forecast demand, and enhance service responsiveness. 

 

The findings also highlight challenges in CRM implementation, including technical 

integration issues, employee resistance, and data privacy concerns. These challenges reflect 

Stabell and Fjeldstad‘s (1998) insight that ―organizational efficiency depends not only on 

technology adoption but also on effective coordination of processes and human capital.‖ In 

India, addressing such challenges requires strong leadership involvement, continuous 

employee training, and strict adherence to regulations such as the Digital Personal Data 

Protection Act (DPDPA). 

 

From an economic perspective, Rust, Lemon, and Zeithaml (2004) argue that ―firms that 

effectively manage customer relationships achieve superior financial performance by 

increasing customer retention and reducing costs associated with inefficiencies.‖ This is 

evident in the Indian context, where CRM adoption reduces service delivery time, minimizes 

operational waste, and enhances customer satisfaction, ultimately leading to higher customer 

lifetime value (CLV) and increased profitability. 
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In conclusion, CRM is more than a technological tool; it is a strategic economic resource. For 

Indian organizations, successful CRM integration requires aligning technology with business 

objectives, investing in human capital, maintaining high-quality data, and fostering a 

customer-centric culture. When implemented effectively, CRM can serve as a sustainable 

source of competitive advantage, driving both operational efficiency and financial growth in 

India‘s rapidly digitizing and competitive market. 

 

Key Takeaways (with Economic Emphasis): 

 

1. CRM integration increases organizational efficiency and economic value by reducing 

operational costs and improving resource allocation. 

2. Real-time data and analytics enhance decision-making, supporting economic objectives 

such as maximizing revenue and CLV. 

3. Employee training, leadership support, and strong data governance are crucial for cost-

effective CRM adoption. 

4. CRM serves as a measurable investment, providing financial returns through improved 

customer retention and reduced acquisition costs (Reinartz et al., 2004; Rust et al., 2004). 

5. Continuous evaluation ensures sustainable economic and strategic benefits, particularly in 

India‘s competitive digital market. 
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Abstract 

 

This study investigates motivational differences among three major workforce generations—

Generation Z, Millennials, and Generation X. Using a mixed-methods research approach, the 

study collected primary data from 250 working professionals across India and secondary data 

from journals, HR reports, and industry publications. Findings highlight that Gen Z is 

primarily driven by flexibility, meaningful work, and rapid growth opportunities; Millennials 

value work-life balance, purpose, and recognition; while Gen X shows stronger motivation 

toward job security, stability, and autonomy. Statistical analysis reveals significant 

generational differences in intrinsic and extrinsic motivational drivers. The study provides 

insights for HR managers to design targeted motivation strategies for multigenerational 

teams. Implications, limitations, and future research directions are also discussed. 

 

Keywords: Generation-based motivation, Gen Z, Millennials, Gen X, workplace motivation, 

HR management 

___________________________________________________________________________ 

 

1.Introduction 

 

Today's workforce consists of multiple generations working together—each shaped by 

unique social, cultural, and technological environments. Motivating employees has become 

increasingly complex, as different generations exhibit different expectations, work styles, and 

values. 

 

Generational groups typically found in workplaces: 

 

● Generation X (1965–1980): Experienced economic transitions, value stability, 

independence, and job security. 

● Millennials (1981–1996): Grew up during globalization and rapid digital growth; value 

work-life balance, recognition, and purpose. 

● Generation Z (1997–2012): Digital natives; seek growth, flexibility, innovation, and 

social impact. 

 

Understanding what motivates each generation is critical for improving productivity, 

reducing turnover, and enhancing employee engagement. This study aims to examine 

generational differences in motivation and provide HR strategies for managing a 

multigenerational workforce. 

 

2.Literature Review 

GenerationX: Maslow’s Hierarchy of Needs: ‗Research suggests Gen X employees prefer 

autonomy, job stability, and structured work environments. They value loyalty, 

responsibility, and long-term employment‘. 



SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

93 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

Millennials: 

Herzberg’s Two-Factor Theory: ‗Studies indicate Millennials are driven by meaningful 

work, continuous feedback, career advancement opportunities, and work-life balance. They 

respond strongly to recognition-based motivation‘. 

 

GenerationZ: 

Self-Determination Theory(SDT) : ‗Recent studies describe Gen Z as technology-driven, 

entrepreneurial, socially conscious, and motivated by flexibility, creativity, and rapid skill 

development.The SDT theory is based on three elements I.e., autonomy, competence, 

relatedness (Deci and Rayan 2000)‘. 

Most literature highlights generational differences but lacks integrated analysis within Indian 

organizational contexts—creating the research gap addressed in this study. 

3. Research Objectives 

1. To analyze motivational factors influencing Gen X, Millennials, and Gen Z (Sharma,  

2021). 

2. To compare intrinsic and extrinsic motivators across generations (Twenge, 2010). 

3. To identify generational differences in workplace expectations (Singh & Gupta 2022). 

4. To provide HR strategies tailored to multi-generational workplaces. 

 

4. Hypotheses 

● HO There is no significant difference in intrinsic motivational factors among Gen X, 

Millennials, and Gen Z. 

● H1: There is a significant difference in intrinsic motivational factors among Gen X, 

Millennials, and Gen Z. 

 

5.Research Methodology 

5.1 Research Design 

A mixed-method design combining descriptive and analytical approaches. 

5.2Primary Data 
● Sample size: 250 employees 

● Generational distribution 
○ Gen X: 60 

○ Millennials: 110 

● GenZ:80 

Sampling technique: Stratified convenience sampling 

● Tool: Structured questionnaire (5-point Likert scale) 

● Variables measured: 
○ Intrinsic motivation (purpose, autonomy, learning) 

○ Extrinsic motivation (salary, benefits, recognition) 

○ Flexibility, job security, growth expectations, digital comfort 

5.3 Secondary Data 

● Journals, HR reports, industry insights, generational studies, workplace psychology 

literature. 

5.4 Tools for Analysis 

● Descriptive statistics 

● ANOVA test for generational comparison 

● Charts and tables 

● Thematic analysis for qualitative responses 
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6. Results 

6.1 Descriptive Findings 

● Gen Z scores highest on innovation, learning opportunities, and flexible work. 

● Millennials score high on work-life balance, recognition, and meaningful work. 

● Gen X scores highest on stability, autonomy, and job security. 

 

6.2 Statistical Findings (ANOVA) 

● Significant differences (p < 0.05) found across generations for: 

 

○ Flexibility 

○ Job security 

○ Learning & development 

○ Recognition needs 

○ Salary expectations 

 

After analyzing the data, It is found that the alternative hypothesis(H1) is being accepted and 

Null hypothesis I.e., H0 is rejected. 

6.3 Key Insights 

● Flexibility: Gen Z > Millennials > Gen X 

● Recognition: Millennials > Gen X > Gen Z 

● Job Security: Gen X > Millennials > Gen Z 

● Learning Motivation: Gen Z highest 

● Technology-driven motivation: Gen Z significantly higher than others 

 

7. Discussion 

Results clearly show distinct generational motivation patterns: 

Gen Z 

● Motivated by creativity, quick growth, technology, flexible schedules, and supportive      

mentors. 

● Prefer frequent feedback and meaningful tasks. 

Millennials 

● Seek purpose-driven jobs, recognition, personal development, and work-life balance. 

● Motivated by a positive work culture, hybrid work, and learning-based rewards. 

 

Gen X 

● Prefer stability, autonomy, leadership roles, respect, and job security. 

● Motivated by clarity in roles, long-term benefits, and independence. 

 

Implications for HR: 

● A one-size-fits-all motivation strategy will fail. 

● Tailored benefits, recognition programs, and communication styles are essential. 

● Managers need generational sensitivity and flexible policies. 

 

8. Conclusion 

The study concludes that significant generational differences exist in motivational drivers. 

Organizations must adopt a multi-layered motivation strategy that addresses the unique 

needs of Gen Z, Millennials, and Gen X. By aligning HR practices with generational 
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expectations, firms can improve productivity, reduce turnover, and strengthen organizational 

loyalty. 

9. Limitations 

● Sample limited to urban employees. 

● Self-reported data may involve bias. 

● Study focused on India; cultural differences may affect results. 

 

10. Suggestions for Future Research 

● Explore Gen Alpha motivation in future workplaces. 

● Conduct industry-specific studies (IT, healthcare, education). 

● Use longitudinal data to study motivation shifts over years. 
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Abstract 

 

Marketing in India is changing rapidly, and this change can be clearly seen in a growing city 

like Bhopal. More people are using the internet, smartphones and social media, which has 

increased the popularity of online marketing. At the same time, traditional marketing 

methods—such as newspaper ads, hoardings, pamphlets and in-person selling—still play an 

important role, especially because people trust local shops and prefer to see products 

physically. 

 

This study compares both approaches using secondary data. It discusses their reach, cost, 

consumer behaviour and effectiveness. The findings show that neither online nor traditional 

marketing alone is enough; instead, a combination of both works best for businesses in 

Bhopal. 

 

Key words: Online marketing, Traditional marketing, Bhopal, Digital marketing, Consumer 

Behaviour, Omnichannel marketing. 

___________________________________________________________________________ 

 

Introduction 

Over the past few years, the marketing landscape in India has shifted dramatically. With 

cheaper mobile data, widespread internet access and the rise of social media platforms, online 

marketing has grown quickly. Whether it‘s a small boutique, a food outlet or an electronics 

store, many businesses in Bhopal are now using digital platforms to reach customers. 

 

But traditional marketing has not disappeared. People in Bhopal still respond strongly to local 

advertisements, personal recommendations, posters, banners and physical stores. The culture 

of visiting markets like New Market, MP Nagar, Bittan Market and Chowk Bazaar remains 

part of daily life for many families. 

 

Because both systems are widely used, this study aims to understand their strengths and 

weaknesses and how businesses can use them together. 

 

Review of Literature 

1. Their report shows how quickly digital adoption is rising in India. Young consumers, 

especially from Tier-2 cities, rely heavily on social media and online search before buying a 

product. Online marketing is becoming more powerful because it can reach people instantly 

and at a lower cost ( Iamai & Kantar 2024). 
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Why it matters: It explains why online marketing has become important for businesses in 

Bhopal. 

2. Their study compared online and traditional shopping habits. They found that people prefer 

online platforms for products like electronics, clothes and branded items because of discounts 

and convenience. But for groceries, fresh produce and everyday items, people still prefer 

local shops (Singh & Rana 2023) 

Why it matters: It reflects the shopping behavior commonly seen in Bhopal. 

3. The report states that unorganized retail (local shops, kirana stores, street vendors) still 

dominates Indian retail. Consumers trust these shops because of personal relationships, 

bargaining options and physical product checks (Deloitte India Retail Report 2023). 

Why it matters: Shows why traditional marketing still holds a strong place in Bhopal. 

4.PwC highlights how businesses are shifting towards Google Ads, Instagram promotions 

and online marketplaces. Digital marketing gives small businesses a chance to reach more 

people without spending too much.( PwC India E-commerce Outlook 2024) 

Why it matters: Encourages Bhopal‘s small retailers to adopt online marketing. 

5. Gupta studied marketing trends in Tier-2 cities and found that trust is still a major factor in 

consumer decisions. While people do respond to digital ads, face-to-face service and local 

reputation influence final purchases (Gupta 2022). 

Why it matters: Supports the blended model of marketing recommended for Bhopal. 

 

 Research Methodology 

1. Research Design 

This study is descriptive and is based entirely on secondary data. 

2. Sources Used 

National and international reports on digital marketing 

Academic journals and earlier research papers 

Government census and demographic information. (Government Census Reports and 

Secondary Data Sources 2019–2024). 

Business and economic news articles 

Industry reports on retail behaviour and digital adoption 

3. Approach 

The information from these sources was compared to understand how each marketing method 

performs in Bhopal. The study examined consumer habits, cost, reach and category 

suitability. 

 

Findings 

6.1 Online marketing is rising quickly 

More people in Bhopal use smartphones, social media and digital payment apps. This 

has made digital ads, influencer marketing and online promotions more effective. 

6.2 Traditional marketing still holds emotional value 

People trust local shops because they can ask questions, check products and even 

bargain. This is a major reason why traditional marketing remains strong. 

6.3 Some product categories fit better with online marketing 

Electronics, branded clothing, home appliances and beauty products perform well online 

because people compare prices and reviews. 
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6.4 Other categories still depend on traditional marketing 

Groceries, vegetables, medicines and urgent items are generally purchased offline. Local 

marketing techniques work best here. 

6.5 Digital marketing offers measurability 

Online platforms allow businesses to track clicks, views and conversions. Traditional 

methods are harder to measure and rely more on assumptions. 

6.6 Businesses in Bhopal use a mix of both 

Shops often advertise through pamphlets and banners locally, while also posting offers 

on WhatsApp and Instagram. 

 

Suggestions 

 For Businesses 

1. Use both methods together, not one alone. 

2. Choose the right marketing method for the right product. 

3. Train staff in basic digital skills like handling online orders and social media. 

4. Engage with customers regularly through WhatsApp, Instagram or Facebook. 

5. Join online platforms to expand reach beyond physical limits. 

 For Policymakers 

1. Provide training for small business owners on digital tools. 

2. Improve digital infrastructure in local markets. 

3. Promote safe and easy digital payment systems. 

 

Limitations 

1. The study uses only secondary data. 

2. Very specific marketing data for Bhopal is limited. 

3. Rapid changes in technology may affect these findings over time. 

4. Financial comparisons (ROI) could not be included due to limited data. 

 

Conclusion 

Both online and traditional marketing are important in Bhopal. Online marketing is growing 

because it is fast, cost-effective and easy to measure. Traditional marketing remains strong 

because of local trust and personal relationships. The most successful businesses in Bhopal 

are those that combine both—posting online ads while maintaining strong in-store presence. 

Using a balanced, hybrid approach will help businesses reach more customers, build trust and 

grow sustainably. 
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Abstract 

 

This theoretical article proposes an Integrated Equity Framework (IEF) for understanding and 

addressing diversity and equity challenges within Indian educational contexts. Drawing upon 

Critical Race Theory and intersectionality frameworks, the paper argues that current 

approaches to educational equity remain fragmented, treating pedagogical practices, 

curricular content, and psychological support as isolated interventions rather than 

interconnected systems. The article introduces the concept of "compound identity threat" to 

explain how students from intersecting marginalised identities experience unique educational 

challenges, and proposes "synergistic equity" as a transformative approach requiring 

simultaneous attention to all three dimensions. The theoretical contributions include 

reconceptualising culturally responsive pedagogy within Indian contexts, advancing 

understanding of curriculum as a site of ideological contestation, and theorising the 

psychology of belonging through an intersectional lens. 

 

Keywords: Educational equity, Diversity, Intersectionality, culturally responsive pedagogy, 

Inclusive curriculum 

___________________________________________________________________________ 
 
1. Introduction: The Persistent Puzzle of Educational Equity 

India's constitutional commitment to equality and the National Education Policy's emphasis 

on "equitable and inclusive education for all" (Government of India, 2020) represents a 

significant ideological shift towards recognising diversity as an educational asset. Yet, 

despite these progressive policy frameworks, the lived realities of students from marginalised 

communities continue to reflect patterns of exclusion and academic underachievement that 

suggest a fundamental disconnect between aspirational rhetoric and institutional practice 

(Nambissan, 2010). 

 

This theoretical article addresses a critical gap in educational equity scholarship by proposing 

that current approaches remain fundamentally fragmented—treating pedagogical innovation, 

curricular reform, and psychological support as discrete interventions rather than recognising 

their dynamic interdependence. The central argument advanced here is that educational 

equity cannot be achieved through piecemeal reforms but requires a comprehensive 

understanding of how teaching practices, curricular representations, and psychological 

processes interact synergistically to create either inclusive or exclusionary educational 

environments. 

 

The theoretical framework developed in this article—the Integrated Equity Framework 

(IEF)—draws upon international scholarship whilst remaining grounded in the specific socio-
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cultural realities of Indian educational contexts. By examining how caste, class, gender, 

language, religion, and disability intersect within educational settings, this framework 

provides analytical tools for understanding why well-intentioned diversity initiatives often 

fail to achieve their transformative potential. 

 

2. Theoretical Foundations: Beyond Additive Approaches to Diversity 

 

2.1 Critical Race Theory in Indian Educational Contexts 

Critical Race Theory (CRT), whilst originating in American legal scholarship, offers valuable 

insights for analysing educational inequality in Indian contexts. Ladson-Billings and Tate's 

(1995) seminal work on applying CRT to education provides three core principles: the 

centrality of race and racism in social relations, the challenge to dominant ideologies 

claiming objectivity, and the commitment to social justice as a transformative goal. 

 

However, CRT's application to Indian education requires significant theoretical adaptation. 

The American conceptualisation of race must be reconceptualised to account for complex 

intersections of caste, class, language, and regional identities that shape educational 

experiences in India. The Dalit liberation movement's educational philosophies, particularly 

those articulated by Dr. B.R. Ambedkar, provide indigenous theoretical foundations that 

complement CRT's analytical framework whilst remaining rooted in Indian social realities 

(Kumar, 2005). 

 

Furthermore, CRT's emphasis on counter-narratives finds particular resonance in Indian 

contexts where textbooks have historically marginalised the experiences of Scheduled Castes, 

Scheduled Tribes, linguistic minorities, and other marginalised communities (NCERT, 2019). 

The IEF builds upon CRT's commitment to centring marginalised voices whilst recognising 

unique configurations of power and privilege that characterise Indian educational settings. 

 

2.2 Intersectionality as Analytical Framework 

Crenshaw's (1991) intersectionality theory provides crucial analytical tools for understanding 

how multiple systems of oppression interact to create unique experiences of marginalisation. 

In Indian educational contexts, students rarely experience discrimination along a single 

dimension—rather, caste, class, gender, language, and disability intersect in complex ways to 

shape educational opportunities and outcomes (Collins, 2019). 

 

Intersectionality challenges additive models of identity that treat marginalisation as a simple 

accumulation of disadvantages. Instead, it recognises that the intersection of multiple 

marginalised identities creates qualitatively different experiences that cannot be understood 

by examining each dimension independently (McCall, 2005). A Scheduled Caste girl from a 

rural area experiences educational challenges that are not simply the sum of caste 

discrimination plus gender bias, but rather a unique configuration of barriers created by the 

interaction of these systems. 

 

This understanding has significant implications for educational equity initiatives. 

Programmes designed to address gender gaps may inadvertently reproduce caste hierarchies 

if they fail to account for intersectional experiences. The IEF proposed here insists that equity 

initiatives must be designed with intersectional awareness from the outset rather than 

attempting to address multiple forms of marginalisation through separate interventions. 
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3. The Integrated Equity Framework: Theoretical Architecture 

 

3.1 Core Propositions 

The Integrated Equity Framework rests upon four fundamental theoretical propositions that 

challenge conventional approaches to educational diversity: 

 

Proposition 1: Systemic Integration - Educational equity cannot be achieved through isolated 

interventions but requires simultaneous transformation across pedagogical, curricular, and 

psychological dimensions. This challenges the tendency to treat teaching methods, 

curriculum content, and student support services as independent domains. 

 

Proposition 2: Intersectional Complexity - Students' multiple identities interact differently 

with pedagogical practices, curricular representations, and psychological support systems, 

creating unique patterns of inclusion and exclusion that cannot be understood through single-

identity analyses. 

 

Proposition 3: Cultural Responsiveness as Systemic Requirement - Effective equity 

approaches must engage authentically with students' cultural knowledge across all three 

dimensions rather than treating culture as an add-on activity. This challenges superficial 

multiculturalism in favour of deep cultural engagement (Banks, 2015). 

 

Proposition 4: Psychological Centrality - Identity formation, belonging, and psychological 

well-being constitute fundamental preconditions for meaningful educational engagement 

rather than ancillary concerns. 

 

3.2 The Pedagogy-Curriculum-Psychology Nexus 

The theoretical heart of the IEF lies in understanding how pedagogical practices, curricular 

content, and psychological processes interact dynamically. Rather than treating these as 

separate domains, the framework conceptualises them as interconnected dimensions that must 

be analysed relationally. 

 

The pedagogical dimension encompasses explicit teaching methods and implicit messages 

communicated through classroom interactions and assessment practices. Culturally 

responsive pedagogy (Gay, 2018) provides important insights but must be reconceptualised 

within Indian contexts to account for how caste, language, and regional identities shape 

classroom dynamics. 

 

The curricular dimension examines how textbooks and learning materials represent diverse 

communities. Following Apple's (2004) analysis of curriculum as embodying particular 

ideological perspectives, this dimension goes beyond simple representation to analyse how 

curricular choices interact with pedagogical practices to validate or negate students' cultural 

identities. 

 

The psychological dimension encompasses emotional aspects of educational experience, 

including belonging, identity formation, and stereotype threat. The framework draws upon 

educational psychology research whilst maintaining critical awareness of how psychological 

concepts have sometimes been deployed to pathologise diverse student experiences (Steele, 

1997). 
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3.3 Compound Identity Threat: A Theoretical Innovation 

Building upon Steele's (1997) work on stereotype threat, the IEF introduces "compound 

identity threat" to theorise unique psychological challenges faced by students at the 

intersection of multiple marginalised identities. This concept recognises that students who 

embody multiple stigmatised identities face not simply multiple threats but qualitatively 

different psychological challenges emerging from the interaction of various forms of 

marginalisation. 

 

A Scheduled Caste girl with a disability does not simply face caste discrimination plus gender 

bias plus disability prejudice, but rather a unique configuration of expectations and barriers 

that cannot be understood by examining each form of marginalisation separately. The 

compound nature creates psychological burdens greater than the sum of their parts, requiring 

holistic approaches that recognise the full complexity of students' identity experiences. 

 

4. Synergistic Integration: How the Framework Functions 

 

4.1 Dynamic Interactions 

The IEF proposes that meaningful educational equity emerges through synergistic 

interactions amongst all three dimensions. When pedagogical practices validate students' 

cultural identities, curricular content reflects their experiences, and psychological support 

acknowledges their complex identity positions, the combined effect creates educational 

environments where diverse students can thrive. 

 

Conversely, when these dimensions operate independently or in contradiction, even well-

intentioned interventions may fail. For instance, implementing culturally responsive teaching 

methods whilst maintaining curricular content that marginalises student communities creates 

cognitive dissonance that undermines pedagogical effectiveness. Similarly, providing 

psychological counselling that ignores institutional discrimination addresses symptoms rather 

than causes. 

 

4.2 Critical Cultural Responsiveness 

The IEF proposes "critical cultural responsiveness" as a theoretical approach that validates 

students' cultural identities whilst maintaining space for critical dialogue about cultural 

practices and social transformation. This approach recognises culture as dynamic and 

contested rather than static, creating space for students to engage critically with their own 

cultural traditions whilst resisting external attempts to devalue their identities. 

 

This concept extends Gay's (2018) culturally responsive pedagogy by addressing the complex 

relationship between cultural preservation and social transformation in Indian contexts. How 

can educators validate students' cultural backgrounds whilst critically examining oppressive 

aspects of traditional practices? The framework suggests this requires sophisticated 

pedagogical approaches that honour cultural diversity whilst promoting critical 

consciousness. 

 

4.3 Epistemic Justice in Curriculum 

The framework argues for curricular approaches grounded in epistemic justice (Santos, 

2014), which requires not simply including marginalised perspectives but fundamentally 

questioning whose knowledge counts as legitimate. This challenges knowledge hierarchies 

that privilege certain forms of understanding whilst marginalising others. 
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Genuine curricular equity requires curricula that validate diverse ways of knowing and 

learning, recognising storytelling as legitimate pedagogy, validating experiential knowledge 

alongside textbook learning, and creating space for students to contribute their knowledge to 

classroom discussions (Fricker, 2007, Santos 2014). 

 

4.4 Institutional Belonging 

Traditional psychological approaches to belonging focus on individual adaptation to existing 

institutional cultures rather than questioning whether those cultures affirm diverse identities. 

The IEF proposes examining how institutional practices create conditions for inclusion or 

exclusion, recognising that belonging emerges from the interaction between individual 

identity and institutional culture (Walton & Cohen, 2011). 

 

When educational institutions consistently devalue particular identity groups, it becomes 

psychologically challenging for members to develop positive belonging, regardless of 

individual resilience. The framework emphasises institutional transformation as a prerequisite 

for psychological belonging rather than focusing primarily on individual adaptation. 

 

5. Implications for Educational Transformation 

 

5.1 Theoretical Contributions 

This framework makes several theoretical contributions to educational equity scholarship. 

First, the concept of compound identity threat extends stereotype threat theory by accounting 

for intersectional complexity. Second, the notion of synergistic equity challenges fragmented 

approaches to diversity and inclusion. Third, critical cultural responsiveness provides a 

framework for navigating tensions between cultural validation and social transformation. 

 

5.2 Analytical Applications 

The IEF provides analytical tools for examining educational practices, policies, and outcomes 

through an integrated lens. Researchers can use the framework to investigate how 

pedagogical practices, curricular content, and psychological processes interact to create 

particular educational experiences for diverse student populations. Educators can apply the 

framework to evaluate their own practices and identify areas for development. 

 

5.3 Policy Implications 

The framework suggests that effective educational equity policies must address all three 

dimensions simultaneously rather than treating them as separate domains. This requires 

coordinated efforts across curriculum development, teacher preparation, and student support 

services, with particular attention to how these initiatives interact to create coherent equity 

approaches. 

 

6. Conclusion: Toward Synergistic Equity 

This theoretical article has proposed the Integrated Equity Framework as a comprehensive 

approach to understanding diversity and equity challenges in Indian educational contexts. The 

framework's central contribution lies in recognising that pedagogical practices, curricular 

content, and psychological support systems interact dynamically to create educational 

experiences that either foster inclusion or perpetuate marginalisation. 

 

The concept of synergistic equity represents a fundamental shift from fragmented 

interventions towards holistic transformation that addresses the interconnected nature of 
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educational inequity. This approach requires sustained commitment to examining and 

transforming complex relationships between teaching practices, curricular representations, 

and psychological processes that shape students' educational experiences. 

 

The theoretical innovations presented here—including compound identity threat, critical 

cultural responsiveness, and synergistic equity—provide analytical tools for researchers, 

educators, and policymakers committed to creating more just and inclusive educational 

environments. The ultimate test of any theoretical framework lies not in its conceptual 

sophistication but in its capacity to inform transformative practice. 

 

As India continues grappling with challenges of creating inclusive educational systems, 

theoretical frameworks like the IEF provide essential tools for navigating the complex terrain 

of diversity, equity, and educational transformation. The journey toward educational equity 

requires sustained commitment to both theoretical development and practical implementation, 

grounded in recognition that genuine transformation requires fundamental shifts in how we 

understand the purposes, processes, and possibilities of education in diverse societies. 
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Abstract 

 

Storytelling is a core pedagogy in the foundational stage (ages 3–8), contributing to children's 

language development, attention span, creativity and emotional learning. The rise of digital 

storytelling—using multimedia, audio-visual narration and interactive applications—has 

created a new dynamic alongside traditional oral storytelling. This study examines teachers‘ 

perceptions of digital vs. traditional storytelling in the foundational stage in Bhopal, using a 

descriptive survey design with 50 teachers from CBSE and private schools. Findings reveal 

that while 86% of teachers believe traditional storytelling builds emotional bonds and 

imagination more effectively, 78% agree digital storytelling enhances engagement and visual 

understanding. Teachers favored a blended approach, emphasizing that digital tools should 

supplement—not replace—traditional methods. The study recommends balanced integration 

aligned with NEP 2020 to promote joyful and experiential learning. 

 

Keywords : Storytelling, Foundational Stage Education, Digital Storytelling, Traditional 

Storytelling, NEP 2020, Early Childhood, Teacher Perceptions. 

______________________________________________________________________ 

 

Introduction 

 

Storytelling has been a timeless method for helping young children understand the world, 

learn language and develop imagination. In India, traditional storytelling—through voice, 

gestures, expression, folk tales and mythological stories—has always been a central 

pedagogical tool. However, with rapid technological access in schools, digital storytelling is 

steadily becoming an important component of classroom teaching. 

 

NEP 2020 emphasizes foundational literacy and numeracy (FLN), joyful learning and 

activity-based pedagogy. Storytelling beautifully aligns with these goals in both traditional 

and digital forms. Yet, understanding how teachers perceive the value, strengths and 

limitations of each mode is essential for creating effective classroom strategies. 

This research study therefore explores teachers’ perceptions of digital vs. traditional 

storytelling in foundational stage classrooms in Bhopal. 

 

Review of Literature 

Traditional Storytelling 

Traditional oral storytelling has been associated with: 

 Language development (Haven, 2015) 

 Increased attention span (Isbell et al., 2004) 

 Memory retention (Cooper, 2012) 

 Emotional bonding between teacher and child (Nicolopoulou, 2018) 

Indian researchers (Sahni, 2017; Kumar, 2020) emphasize that folk stories, Panchatantra and 

regional tales promote cultural identity and moral learning. 
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Digital Storytelling 

Digital storytelling uses images, animations, sound, voiceovers and multimedia tools. Studies 

show: 

 Higher student engagement (Robin, 2016) 

 Improved visual literacy (Chung, 2007) 

 Better comprehension for visual learners 

 Increased motivation for reluctant learners (Dogruer & Menevis, 2019) 

 

Comparative Studies 

Existing studies indicate: 

 Traditional storytelling promotes imagination. 

 Digital tools support multisensory learning. 

 A blended approach is best (Anderson & Stewart, 2020). 

 

However, limited research exists in the Indian context, especially specific to foundational 

stage teachers’ perceptions, making this study relevant and timely. 

Statement of the Problem 
 

There is limited understanding of how foundational stage teachers in Bhopal perceive the 

strengths and weaknesses of digital and traditional storytelling. This study addresses this gap. 

 

Objectives 

1. To study teachers‘ perceptions of traditional storytelling in foundational stage education. 

2. To study teachers‘ perceptions of digital storytelling in foundational stage education. 

3. To compare teachers‘ views on the effectiveness of both methods. 

4. To identify challenges teachers, face while adopting digital storytelling. 

 

Research Questions 

1. How do teachers perceive traditional storytelling for foundational stage learning? 

2. How do teachers perceive digital storytelling? 

3. Which method do teachers find more effective and why? 

4. What challenges are reported while using digital storytelling? 

 

Research Methodology 

Research Design 

Descriptive survey method. 

 

Sample 

50 foundational stage teachers from CBSE and private schools in Bhopal. 

 

Sampling Technique 

Convenience sampling. 

 

Tool Used 

A structured questionnaire with three sections: 

1. Traditional storytelling perception scale 

2. Digital storytelling perception scale 

3. Comparative preference and challenges 
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Responses were measured using a 5-point Likert scale. 

 

Data Analysis Percentages and mean scores were used for analysis. 

Data Analysis and Interpretation 

 

Table 1: Teachers’ Perceptions of Traditional Storytelling 

Statement % Agree 

Builds emotional connection 86% 

Enhances imagination 84% 

Improves attention span 72% 

Helps moral learning 88% 

Interpretation: Teachers strongly believe traditional storytelling builds emotional bonding 

and moral understanding. 

 

Table 2: Teachers’ Perceptions of Digital Storytelling 

Statement % Agree 

Increases student engagement 78% 

Supports visual comprehension 82% 

Suitable for diverse learners 74% 

Requires technical support 90% 

Interpretation: Teachers find digital storytelling engaging but dependent on infrastructure 

and training. 

 

Table 3: Comparative Preference 

Preference % of Teachers 

Traditional storytelling 42% 

Digital storytelling 18% 

Blended (Both) 40% 

Interpretation: A blended approach is preferred almost equally to traditional methods. 

 

Table 4: Major Challenges in Digital Storytelling 

Challenge % of Teachers 

Lack of training 68% 

Limited devices 54% 

Electricity/internet issues 46% 

Time required to prepare content 62% 
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Discussion 

The study indicates that teachers value both traditional and digital storytelling. Traditional 

storytelling is cherished for its emotional warmth and cultural richness. Digital storytelling, 

though engaging, depends heavily on teacher readiness and infrastructure. The preference for 

a blended approach aligns with the ―hybrid pedagogy‖ promoted in NEP 2020. Teachers 

emphasized that digital tools should be integrated meaningfully, not used merely for 

entertainment. 

 

Conclusion 

Both storytelling modes have unique strengths. Teachers in Bhopal believe the most effective 

method is a balanced combination of traditional and digital storytelling. Traditional stories 

nurture imagination and relationships, while digital tools offer multisensory learning and 

visual clarity. 
 

 

Educational Implications 

 Schools should provide training for digital tools. 

 Storytelling should be part of daily foundational stage routines. 

 Teachers should integrate local and cultural stories to align with NEP 2020. 

 Digital resources must complement—not replace—teacher-led storytelling. 
 

 

Limitations 

 Sample limited to Bhopal. 

 Self-reported perceptions may include bias. 

 Did not include student outcome data. 
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Abstract 
 

This paper reviewed on waste water treatment processes, making it safe for drinking purpose. 

The methods employed  are mixing, clarification, etc. The research incorporates the different 

water cleaning processes for the treatment of Upper lake waste water in Bhopal, M.P. The 

research conducted on chemical waste water treatment, a preliminary study on chemical and 

biological impurities, that are suspended in water, dissolved inorganic and organic 

compounds, microorganisms and their removal efficiency is also investigated in laboratory by 

using different instrument such as pH meter, turbidity meter, Beer‘s law, Job's method and 

performed bacteriological test and used different type of chemicals, for recognizing 

contamination rate in  different water samples.  

 

Key words: - pH meter, Turbidity, Beer's law, Job's method, Bacteriological test, 

Chlorination.  

________________________________________________________________________ 

 

Introduction. 

 

Water is the most essential and important part of lives of all living beings and forms about 

71% of matter of earth's crust. The most of human body is made up of water, so it is the basic 

and most essential part of human body as well. Water is present in earth can be in different  

forms such as rain water, river water, spring water, mineral water etc. Out of all of these the 

rain water is purest form of water. 

 

Basically water is a chemical substance, holding a combination of hydrogen and oxygen. 

Pure water is colourless odourless and tasteless. Rain water is seemed to be the as purest form 

of natural water as it is produced by the process of distillation but it get combined with gases 

such as CO2, SO2 and  NH3 present in earth‘s atmosphere falling down the earth. There are 

many impurities, chemical and microorganism present on earth‘s surface, rivers, ponds, lakes 

and all the other places where water is collected, which get mixed with water and makes the 

water unfit for using by humans. 

 

Nature itself purifies the water through hydrological cycle. The hydrological cycle 

continuously runs in nature to ensure that the water is free from each kind of impurity and 

safe to use by human. The basic step of naturally occurring hydrological cycle are 

Evaporation, Transpiration, Condensation, Precipitation and Runoff.  

As this water is coming on earth via atmosphere, the harmful gases such as Nitrogen dioxide 

( NO2), Osmium tetroxide (OsO4) Oxygen difluoride (OF2). Carbon dioxide (CO2) and so on 

present atmosphere get mixed up in it. Now this water get  collected in  ponds, lakes and 
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rivers,  where the colloidal impurities including organic waste products, amino acids, 

decomposed animals ,Industrial sewage, waste water, domestic sewage and many 

anthropogenic contaminant, medical waste, inorganic compounds, High-level of calcium, 

iron, magnesium, sodium, chloride, different kinds of algae and flora etc. All these elements 

get combined with the water and make it unsafe and unhealthy for drinking and other human 

uses.  

 

Therefore, it is necessary to treat the water before drink it to make it free from pollution and 

different harmful bacteria.  

 

In the water treatment plant the water coming from the source such as lake is first aerated, the 

diffusion of oxidants in water are done. Then the chemicals are added in this raw water. After 

mixing the water comes in Flocculation chamber, Flocculation is a process of clarifying the 

water. Clarifying means removal of any turbidity and colour from water , now this clarified 

water goes in sedimentation chamber where the majority of solid impurities get settled down 

in the conventional basins , in which suspended particles heavier than water are separated 

from water by gravitation. After the sedimentation, water now comes to filtration chamber 

where the remaining suspended particles get removed by a porous sand media. Now the 

Chlorination of water is done to remove any kind of bacteria, viruses and microorganisms. 

Chlorination is a good disinfection method. Chlorination of water is final step, and then it is 

distributed to the consumers.  

 

Material and Methodology:- 

 

1) pH:-  Although the pH of pure water is 7, drinking water exhibits pH range because it 

contains dissolved minerals and gases. Surface waters typically range from pH 6.5 to 8.5 

while ground water ranges from pH 6 to 8.5. Water with a pH less than 6.5 is considered 

acidic. This water typically is corrosive and soft. It may contain metal ions, such as copper, 

iron, lead, manganese and zinc. The metal ions may be toxic, may produce a metallic taste 

and can stain fixtures and fabrics. The low pH can damage metal pipes and fixtures. Water 

with a pH higher than 8.5. Water samples are considered basic or alkaline. The water often is 

hard water, containing ions that can from scale deposits in pipes and contribute an alkali 

taste.  

 

2) TURBIDITY: - Turbidity is measure of water clarity. How much the material suspended 

in water decreases the passage of light through the water. Suspended materials include soil 

particles (clay, slit and sand) algae, microbes and other substance. These materials are 

typically in the size range of 0.004mm (clay) to 1.0mm (sand). Turbidity can affect the colour 

of the water. Higher turbidity increases water temperatures because suspended particles 

absorb more heat. This is turn reduces the concentration of dissolved oxygen (DO) because 

warm water hold less DO then cold. Higher turbidity also reduces the amount of light 

penetrating the water, which reduces photosynthesis and the production of DO. Suspended 

material can clog fish gills, reducing resistance to disease in fish, lowering growth rates, an 

affecting egg and larval development as the particles settle, they can act as blanket the stream 

bottom, especially is slower waters, and smother fish eggs and benthic micro invertebrates. 

Sources of turbidity include. 

● Soil erosion 

● Water discharge 
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● Urban runoff. 

● Eroding stream banks. Large numbers of bottom feeders (such as carp), which stir up 

bottom sediments. 

●  Excessive algal growth. 

 

3) TOTAL ALKALINITY: - Alkalinity is a measure of the ability of water to neutralize or 

assimilate acids. In other words alkalinity of a water sample is reflection of the buffering 

capacity of that sample. The minerals which dissolve in water from soil, atmospheric inputs 

and waste- discharge provide the sources of alkalinity, various ionic species that contribute to 

alkalinity include HCO3, CO3OH, HPO4, and NH3 respiration and microbial decomposition 

of organic matter also contribute to the alkalinity in the form of salts of weak acids such as 

acetic, propionic and hydro sulphuric acids. Though various ionic species contribute to 

alkalinity in most of the natural waters, the alkalinity is almost entirely due to bicarbonates, 

carbonates and hydroxides. For example, in polluted natural water most of the alkalinity is 

due to bicarbonates or, if algae are flourishing, due to carbonates and hydroxides. These 

contribution are pH dependent, because the relative concentration of the carbonate and 

bicarbonate ions with respect to other species involved is influenced by pH alkalinity is 

therefore a gross property like pH acidity, conductivity, and hardness and may result from 

one or more sources. The total alkalinity was analysed by titrate the sample with standard 

acid solution (0.02 N H2S04) obtained by adding carbonated & bicarbonate alkalinity. 

 

4) NITRATE: - Nitrate is the highest oxidized from of nitrogen and in water its most 

important source is biological oxidation nitrogenous organic matter of both autochthonous 

and all chthonous. In ground water nitrates may find way through leaching soil and time by 

contamination. The high concentration of nitrate in water is indicative of pollution. It is an 

important plan determination of the individual of the concentration components of hardness, 

their sum being expressed in terms of an equivalent quantity of calcium carbonate. Although 

hardness is caused by caution it may also be discussed in terms of carbonate(temporary) and 

noncarbonated permanent hardness. Total hardness was determined by EDTA titrometric 

method. 

 

5) CALCIUM HARDNESS: The source of most calcium in natural water such as gypsum, 

limestone sand calcite. The most inorganic cations found natural waters are calcium, 

magnesium, sodium, potassium, iron, occurs in low concentration, but has a significant effect 

on water quality because in satins fixture and makes water test bad. Calcium is one of the 

major of fresh water and is an absolute requirement of algae and plants as the body of many 

algae is made up of calcite. The important source of calcium content in water are algae, 

benthic organism, earth‘s crust, and some plants, animal which are considered in class 

calcifies, the increase the calcium value during the process of decomposition of their dead 

cells. Calcium on the sample was measured by trimetric method. 

 

6) Magnesium hardness: The dolomite is the source of most magnesium ions in natural 

water, which contribute to water hardness. Water hardness is measured as the sum calcium 

and magnesium ions. Carbonate hardness, also approximately the same as temporary 

hardness (hardness that can be removed by boiling) is represented by any salts of calcium and 

magnesium (such as sulphates and chlorides) except carbonates & bicarbonates. Magnesium 

is a constituent of chlorophyll and it is required by pigmented algae of all groups. Magnesium 
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was determined by indirect method after deducting calcium hardness value from total 

hardness. 

 

7)  COLOUR: The color of water is due to the presence of colloidal substances and 

material in the solution state. In natural water, colour is imparted by humid acid, fluid acid, 

metallic ions, and suspended matter, and phytoplankton, weeds and dissolved solid. 

 Types of test  

● Physical test 

● Chemical test 

● Bacteriological test 

 

4.CHEMICAL TESTS FOR WATER PARAMETERS 
Total alkalinity test:- 

• Take 50ml of water sample +2-5 drops methyl orange indicator. 

• Titrate with sulphuric acid (N/50) normality. 

• End point will be pink colour. 

• Total alkalinity (consume H2So4, in solution x1000)/ ml of sample.  

 

Total hardness test :- 

● Take 50ml water sample+1ml of ammonium acetate solution +add a pinch of solo 

chrome blank T indicator. 

● Titrate with E.D.T.A (Ethylene diamine tetra acetic acid) N/50 normality. 

● End point will be blue when the colour changes from pink to blue. 

 

Calcium hardness:- 

● Take 50ml water sample +2ml of NaOH. 

● Titrate with E.D.T.A. (Ethylene demine tetra acetic acid) N/50 normality. 

● End point will be pink that changes from violet. 

● Calcium hardness-(consume E.D.T.A. in solution x 1000)/ ml of sample. 

 

Magnesium hardness:- 
Magnesium hardness = total hardness - calcium hardness. 

 

Sulphate test:- 

    • Take 100ml of water sample +5ml acid salt solution +2mg Barium chloride. 

● Shake well. 

● End point will be white in colour. 

● Then check the spectrophotometer. 

● Thus sulphate in raw water. 

 

Chloride test :- 

● Take 50ml of water sample +2-5 drops of potassium chromate indicator + drop by drop 

add silver nitrate (AgNO3) 0.141 normality. 

● End point is radish colour. 

 

Iron test:- 
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● Take 50ml of water sample +1 ml hydroxylamine +2ml con. Hydrochloric acid (HCl). 

● Boil till the sample become 50% in quantity. 

● Cool down at room temperature. 

● Add 5ml ammonium acetate solution +2ml 1:10 phenolphthalein solution. 

●  If slightly red colour appears in water sample then iron is present in the sample. 

 

Nitrate test:- 

● Take 50ml of water sample. 

● Then heat it and dry completely. 

● Then add 2ml of phenyl disulphonic acid +50ml distilled water +5ml ammonia buffer 

solution. 

● Make the solution up to 100ml. 

● If yellow colour appears in water sample then nitrate is present in the water sample. 

 

Dissolved oxygen: - 

 

Dissolved oxygen refers to the level of free, non-compound oxygen present in water to other 

liquids. It is an important parameter is assessing water quality because of its influence on the 

organisms living within a body of water. In limnology (the study of lakes), dissolved oxygen 

is an essential factor second only to water itself. At dissolved oxygen level is that is too high 

or too low can harm aquatic life and affect water quality. Non compound oxygen or free 

oxygen (O2) is oxygen that is not bonded to any other element. Dissolved oxygen is the 

presence of these free O2 molecules with in water. The bonded oxygen molecule in water 

(H2O) is in a compound and does not count toward dissolved oxygen levels. One can imagine 

that free oxygen molecule dissolved in water much the way salt or sugar does when it is 

stirred. 

 

JAR TEST: - 
 

To determine the correct chemical dosage, a device is called a gangue mixer or jar test 

apparatus is used.  

 

Reagents: - Alum solution (dissolved 5gm aluminium ferric in 1 litre distilled water).  

 

Procedure: - 500ml of water sample of which turbidity is to determine are placed in several 

beakers different concentration of coagulant solution are then added to turbid solution. 

Constant of the beakers are then mixed rapidly at a speed of 100 rpm(revolution per minute) 

for a period of 5 second so as to achieve an intimate contact between  the turbid water. After 

the flash mixing, contents are flocculated at a very low speed of 20-30 rpm for half an hour 

and afterwards allow standing for 1 hour. The clarified supernatant is then decanted and 

analysed for residual turbidity. A plot of dose against residual turbidity is made and from it 

an optimum dose of coagulant giving a residual turbidity of 20 units if found out.  
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RESULTS 

 

Table 1: Physical & Chemical Parameters 

S. 

No. 

Parameter Upper 

Lake 

Kolar 

Dam 

Water 

Treatment 

Plant – 

TLV Nagar 

 

Water 

Treatmen

t Plant – 

Idgah 

Hills 

Water 

Treatment 

Plant – Kerwa 

1 pH 

 

6.5   8.5  7.6  7.4  7.2  

2 Turbidity (NTU) 

 

3.2  2.5  0.6  0.7  0.5 

3 TDS (mg/L 500  310  280  180  190  

4 EC (µS/cm  480  480  300  310  290 

5 Alkalinity (mg/L) 200  125  118  95  100  

6 Total Hardness 

(mg/L) 

200  140  132  110  115  

7 Chloride (mg/L) 250  32  28  20  24  

8 Nitrate (mg/L 45  4.5  3.8  2.2  2. 

10 Residual Chlorine 

(mg/L) 

0.2  0.5  —  —  0.28  

11 Temperature (°C) 25.4  24.8  25. 25.1  24.9 

 

Remarks / Interpretation 

Upper Lake, Bhopal-Slightly higher turbidity compared to treated sources.  pH  and hardness 

within acceptable limits. Suitable for treatment before supply. 

 

Kolar Dam- Good water quality with low TDS and moderate alkalinity. Slightly less turbid 

than Upper Lake. 

 

Water Treatment Plants (TLV Nagar, Idgah Hills, Kerwa)-All WTP samples exhibit excellent 

turbidity removal (<1 NTU).Residual chlorine present within permissible limits, confirming 

post-treatment disinfection.TDS and hardness well within BIS permissible limits. 

 

CONCLUSION 

All tested water sources from Bhopal compile with the BIS Drinking Water Standards after 

appropriate treatment. Raw water (Upper Lake & Kolar Dam) shows expected natural 

turbidity and mineral content. Treated water from all treatment plants is clear, safe, and well-

disinfected. 
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Abstract 

 

Artificial Intelligence (AI) has a longstanding presence in computer science, originally aimed 

at developing machines capable of simulating human intelligence. Since its inception at the 

1956 Dartmouth Conference, the field has evolved significantly, branching into specialized 

domains such as Machine Learning (ML), Deep Learning (DL), and Symbolic AI. While 

early optimism led to periods of disillusionment—such as the "AI winter"—recent advances 

in data availability and computational power have reignited progress, particularly through 

deep learning. One of the most transformative areas of AI application is biotechnology, 

where AI is revolutionizing both products and methods. From genomics, CRISPR gene 

editing, and personalized medicine to drug discovery, pathogen detection, and bioprocessing 

automation, AI tools are driving faster, more precise, and cost-effective solutions. In 

manufacturing, AIenabled systems enhance quality control, predictive maintenance, and 

regulatory compliance. Despite these advancements, challenges remain, including data 

quality, explainability, ethical concerns, and the need for regulatory frameworks. As AI 

continues to reshape biotechnology, its integration demands interdisciplinary collaboration, 

responsible innovation, and equitable access to ensure sustainable and ethical development.   

 

Keywords :- AI, Biotechnology, Machine Learning, Deep Learning, CRISPR   

___________________________________________________________________________  

 

1. Introduction   

Artificial Intelligence (AI) is already playing a significant role in biotechnology, helping 

address a wide range of challenges. These include areas such as drug discovery (David et al., 

2020) drug safety assessment, functional and structural genomics (Caudai et al., 2021)  

proteomics,  metabolomics  (Petrick  & Shomron,2022),  pharmacology,  pharmacogenetics, 

and pharmacogenomics (Roche et al., 2020), among others, (Kim , 2019), The future success 

of AI in biotechnology will heavily rely on researchers' ability to effectively leverage 

advanced AI tools and methodologies.   

 

The biotechnology industry today depends on robust data systems for storage, filtering, 

analysis, and sharing. From drug manufacturing and chemical compound analysis to 

RNA/DNA sequencing and enzyme studies, many biological processes demand AI-driven 

solutions to improve speed, accuracy, and minimize manual errors.It‘s essential to highlight 

that all current AI applications are fundamentally rooted in digital technology. Digitalization 

serves as the foundation for any AI implementation. Often, AI systems are integrated with 

other digital technologies, including sensors, actuators, and Cyber-Physical Systems (CPS) 

— commonly referred to as robots—to automate tasks and enable real-time data collection 

and analysis.   

Ultimately, the advancement of AI hinges on digital infrastructure, powered by digital 

computing systems. This is where digital transformation comes into play. Digital 

transformation involves leveraging digital technologies to radically improve how companies, 
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research institutions, and universities function. In biotechnology, this transformation 

introduces innovative tools and workflows that enhance the efficiency, accuracy, and speed 

of research and development, while also enabling the creation of disruptive new products and 

services.   

 

By facilitating access to big data and automating complex tasks, digital transformation 

accelerates AI adoption in biotechnology, significantly boosting the field‘s potential for 

groundbreaking innovation. To lay the groundwork for this discussion, this Editorial begins 

by addressing the fundamental question, ―What is AI?‖ and clarifies the distinctions between 

AI, Machine Learning (ML), and Deep Learning (DL) to establish a shared understanding.   

   

1.1 What is AI ?   
AI has a long tradition in computer science centred on the general goal of creating 

"intelligent" machines (Turing, 2009). But the term intelligence is not clearly defined and 

even measuring "intelligence" is extremely difficult (Holzinger et al., 2019).   

 

The AI field was initiated in 1956 by a group of computer scientists during a workshop at 

Dartmouth College. The goals were extremely ambitious: "The study is to proceed on the 

basis of the conjecture that every aspect of learning or any other feature of intelligence can in 

principle be so precisely described that a machine can be made to simulate it. An attempt will 

be made to find how to make machines use language, form abstractions and concepts, solve 

kinds of problems now reserved for humans, and improve themselves (McCarthy et al., 

2006)"   
 

Over time, the AI field has branched into related but distinct subfields, including Machine 

Learning (ML) and Deep Learning (DL):   

• AI is the overarching domain focused on building systems that can perform tasks 

requiring human-like intelligence, such as reasoning, learning, and decision-making.   

• ML, a subset of AI, enables computers to learn from data without being explicitly 

programmed, identifying patterns to inform decisions.   

• DL, a more specialized area within ML, leverages multi-layered neural networks to 

process and interpret vast amounts of complex data—such as images or natural 

language—making it effective in applications like image generation (e.g., DALL·E 2) 

and conversational AI (e.g., ChatGPT).   

 

Another key approach within AI is Symbolic AI, which involves encoding knowledge as 

symbols and using rule-based logic to manipulate them. For example: ―dog (is-a mammal) 

(hasproperty fur) (has-property four legs).‖ Although symbolic AI has become less prominent 

with the rise of data-driven models, it still plays a role in areas like natural language 

processing and expert systems (Bratko & Muggleton, 1995).   

 

AI is a remarkably broad discipline, encompassing philosophical questions and practical 

applications alike (Hendler, 2008). Since its academic introduction over six decades ago, the 

field has seen several cycles of high expectations and subsequent disillusionment. In the  

1980s, for example, overly ambitious predictions—such as the belief that machines would 

rival human capabilities within a decade—led to widespread disappointment and what 

became known as the "AI winter" (Russell and Norvig , 2016)   
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The resurgence of AI in recent years is largely credited to breakthroughs in machine 

learning, fueled by two main factors: (1) the availability of massive datasets, and (2) growing 

computational power. Around 2010, deep learning emerged as a game-changer, powering 

everyday tools like Siri, Alexa, and DeepL. This marked the beginning of a second "AI 

spring," further exemplified by OpenAI‘s ChatGPT, which showcases both the potential and 

current limitations of AI—particularly its lack of human common sense (referred to in 

German as Hausverstand) (King , 2023)   

 

The ultimate ambition of AI is to create systems that can learn autonomously from 

experience, without requiring constant human guidance (Shahriari et al., 2015). To achieve 

this, AI must master several complex challenges: learning from data, extracting and 

generalizing knowledge, navigating high-dimensional data spaces, and identifying the core 

factors that explain patterns in data (Holzinger et al., 2019).   

 

Machine learning, at its core, seeks to model intelligent behavior by developing algorithms 

that learn and improve over time. The task is to uncover meaningful patterns—often deeply 

buried within complex, high-dimensional datasets—that humans may not detect unaided.   

 

Yet, a major hurdle remains: interpreting AI outputs within real-world contexts. The quality 

and relevance of data features are critical. Research has shown that the best results often arise 

from combining detailed low-level data with high-level contextual understanding (Girshick 

et al., 2014). Despite recent advances, a significant limitation persists across AI and ML 

systems: their inability to fully explain or justify their decisions to human experts. This lack 

of transparency is especially problematic in sensitive fields such as life sciences and 

biotechnology (Busch et al., 1991).   
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Figure 1: Application in Biotechnology 

 

1.2 Biotechnology Manufacturing   

Artificial intelligence (AI) is significantly enhancing the manufacturing sector within 

biotechnology organizations (Kumar et al., 2020). In this context, biotechnology 

manufacturing refers to the use of machine learning algorithms to analyze large datasets, with 

the goal of advancing robotics and automation in bioprocessing. AI-driven bioreactors, for 

instance, enable more efficient and precise production of biopharmaceuticals and other 

biotech products (Kumar et al., 2020). These intelligent systems can also be used to ensure 

adherence to strict quality standards (Rosenberger, 2022).   

 

According to Rosenberger (2022), the use of computer-controlled technologies and 

automation in biotech production began in the early 1990s. During this period, expert systems 

were primarily implemented to support decision-making and quality control, which helped 

boost accuracy and efficiency. Over the years, real-time monitoring of bioprocesses has 

become possible through advancements in machine learning.   

 

Historically, artificial intelligence has also been applied to predictive maintenance and 

process optimization in biotech manufacturing (Mavani et al., 2022). These developments 

have contributed to improvements in efficiency across various bio-based production sectors. 

Today, AI is widely used in bioengineering to identify process improvement opportunities, 

increase production output, and enhance product quality.   
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By leveraging AI-driven predictive analytics, manufacturers can optimize production 

parameters in real time—identifying ideal values through various analytical methods. 

Waterman et al. (2020) highlight that AI technologies play a key role in ensuring biotech 

processes comply with safety regulations by enabling real-time monitoring.   

 

Furthermore, the precision and efficiency of robotic systems—developed with the help of AI 

algorithms—have greatly improved the production of biopharmaceuticals (Kumar et al., 

2020). Enhancing bioprocessing efficiency also supports regulatory compliance, where both 

accuracy and reliability are essential. AI's role in real-time predictive maintenance has also 

minimized downtime by enabling quicker identification and resolution of issues (Kumar et 

al., 2020). Overall, AI continues to transform every aspect of the biotech industry, especially 

manufacturing, where automation reduces human error and increases operational speed.   

 

1.3 How AI has revolutionized the Biotechnological Products and Methods?   
Artificial intelligence (AI) has a  significant and ground breaking impact on   biotechnology,  

updating conventional methods and opening up  new avenues for scientific  investigation,  

medical  and  wellness  research, and  industrial  applications (Stasevych & Zvarych, 2023). 

By merging advanced computing with the biological sciences, researchers are achieving 

previously unimaginable progress. AI and machine learning (ML)   have   significantly   

impacted traditional biotechnological methods across various areas. Here  are  key  areas  

where   AI  has  made  a  significant impact across biotechnology   

 

1. Applications of AI and ML in Biotechnology   

The integration of Artificial Intelligence (AI) and Machine Learning (ML) in biotechnology 

is driving transformative advances across various areas, from genomics and protein structure 

prediction to drug discovery and bioprocess optimization (Müller et al., 2022).   

 

2. AI in Genomics and DNA Sequencing   

AI has revolutionized genomics and DNA sequencing by speeding up analysis and improving 

accuracy. Traditional sequencing is time-consuming, but AI tools like Google DeepVariant 

automate genetic variant identification, leading to faster, more precise genome analysis. AI 

also enhances CRISPR gene editing by improving guide RNA effectiveness and minimizing 

offtarget effects. Additionally, AI aids personalized medicine by analyzing patient genomes 

to identify disease mutations and predict drug responses, enabling more targeted therapies, 

particularly in cancer treatment.   

 

3.  AI in drug discovery and development   

AI is transforming drug discovery by speeding up the identification of compounds, predicting 

molecular properties, and simulating chemical reactions, thus reducing the time and cost of 

traditional drug development. Key applications include virtual screening, where AI models 

predict compound-protein interactions, and drug repurposing, especially in emergencies like 

COVID-19. AI also helps simulate chemical reactions and design novel drugs using 

techniques like Generative Adversarial Networks (GANs) and Reinforcement Learning (RL).   

 

4. AI in food pathogen microbiology   

AI and machine learning are improving food pathogen detection by speeding up processes 

and increasing accuracy compared to traditional methods. AI can identify pathogens like 

*Salmonella* and *E. coli* faster and more accurately, reducing detection time. AI is also 
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enhancing food safety technologies, such as hyperspectral imaging and electronic noses, for 

rapid detection of microbial contaminants and adulterations (Lupolova et al., 2017).   

 

5. Powering   Biotech's   Future:   A   Look   at   AI Networks and Tools   

AI   encompasses   a   spectrum   of   methods, including reasoning, knowledge 

representation,    and    solution search, with Machine Learning  (ML)  standing  as  a  core 

paradigm. Within  

 

ML, deep learning [DL) dives deeper, utilizing artificial neural networks [ANNs) that mirror 

the complexity of human neurons, capturing the essence of how our brains process and 

transmit information (Beneke & Mackenrodt, 2019).   

 

Table 1: The following highlights some key AI tools and techniques that are      

transforming the field of biotechnology.   
 

 

Sectors   Examples   AI Tools   Future Prospects   

Medical   

Biotechnology   

AI-based medical 

imaging for disease 

diagnosis   

Convolutional   

Neural   Networks 

(CNNs),  Recurrent Neural  

Networks 

(RNNs),   Natural  

Language Processing   

(NLP   

Personalized   

medicine,   drug  

  

discovery 

acceleration, 

precision diagnostics   

  

Animal   

Biotechnology   

AI-driven 

 breeding 

programs for   

livestock 

improvement   

  

Machine  Learning models  

for   genotype-phenotype  

prediction,  Genetic    

Algorithms      for 

optimization   

Disease-resistant   
 
animal   breeds,  

enhanced 

productivitu\y   

Plant 

Biotechnology   

AI-guided  crop 

breeding  and 

optimization for  

climate resilience   

Deep Learning for crop 

disease  detection,   

Reinforcement   

Learning  for 

optimizing crop  growth 

conditions   

SFmart crops,  

increased crop yields, 

sustainable 

agriculture   

  

Health   

Biotechnology   

AI-driven 

predictive analytics 

for disease 

prevention and  

management   

Machine  Learning 

for  patient  risk  

stratification,    

Natural  Language  

Processing  for electronic 

health  

record analysi   

Precision health 

interventions, remote 
 

patient monitoring,  

early disease  

detection   

Agriculture   

Biotechnology   

AI-enabled 

precision 

agriculture for  

optimized resource  

utilization   

IoT sensors and drones for 

data collection [64], 

Machine Learning for 

decision support systems   

Sustainable farming 

practices,  

reduced  

environmental 

impact,  
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  increased food  

security   

Nano 

Biotechnology   

AI-driven  drug 

delivery systems  

using nanoparticles   

 Quantum  Machine  

Learning  for  nanomaterial  

design,  Deep  Learning  for  

nanoscale imaging   

Targeted   drug 

delivery,   

nanosensors for 

disease detection, 

advanced 

biomaterials   

 

1.4 The Expanding Role of AI in Biotechnology: A Look at 10 Key Industries   

AI has transformed various sectors of biotechnology, driving progress in fields such as 

medical, animal,  plant,  industrial,  food,  health,  agriculture,  environmental,  marine,  and 

nanobiotechnology. Within medical biotechnology, AI plays a crucial role in advancing 

personalized medicine and diagnostics, enabling the development of treatments tailored to an 

individual's genetic makeup. This has also led to AI-based tools for genetic editing and 

breeding programs, enhancing plant and animal biotechnology by improving disease 

resistance and boosting productivity.   

 

In industrial biotechnology, AI is used to optimize production processes and create new 

materials. AI-driven monitoring and management systems have significantly advanced 

environmental and agricultural biotechnologies, improving resource optimization and 

maximizing crop yields. Health biotechnology benefits from predictive analytics, aiding 

disease surveillance and public health strategies. AI also plays a key role in managing marine 

resources, contributing to marine biodiversity conservation and ensuring the sustainable use 

of these resources. In nanobiotechnology, AI is improving drug delivery systems and 

transforming diagnostic technologies, enhancing precision medicine applications. The impact 

of AI across these industries is evident through various examples, tools, and methods, as 

wellas the vast opportunities ahead (Bhardwaj et al., 2022).   

 

1.5 AI-powered diagnostics and treatment planning   

i.   Advanced imaging analysis   

 AI algorithms will be able to analyze not just static dental images, but also dynamic 

ones, such as videos of oral function. This could lead to a more comprehensive 

understanding of oral health and potential problems. Integration with wearable devices 

(Müller et al., 2021).   

ii.  AI can be integrated with wearable devices for real-time monitoring of oral health.  

Imagine smart toothbrushes providing personalized feedback on brushing technique or 

wearables detecting early signs of gum disease (Angerschmid et al., 2022).   

iii.   Predictive analytics   

 AI will be able to predict future oral health problems based on a patient‘s medical 

history, genetic makeup, and current dental data. This allows for preventive 

interventions and personalized oral hygiene recommendations.   

 

1.6 Challenges   

 

Pharmaceutical companies often have access to vast datasets containing millions of 

compounds for drug development, which can pose difficulties for traditional machine 

learning tools. Despite the potential of Artificial Neural Networks (ANNs) in personalized 
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medicine, there are challenges related to their accuracy, which heavily depends on the quality 

and quantity of data used for training. Additionally, designing and engineering biomolecules 

raises ethical concerns, necessitating careful consideration to ensure responsible development 

and use of these technologies.   

 

Regulatory bodies are still working on establishing frameworks for AI-driven 

biomanufacturing processes. Addressing these regulatory requirements demands clear 

documentation and validation of AI models. Implementing and maintaining AI systems also 

requires a skilled workforce with expertise in both bioprocessing and data science 

(Agatonovic et al., 2000).   
 

CRISPR technology, while revolutionary, raises ethical debates due to its ability to alter 

human genes and the potential for misuse. Furthermore, not all research labs have easy access 

to advanced AI tools due to their high cost or the technical expertise required (Saukshmya& 

Chug, 2010).   

 

Conclusion   

 

Artificial Intelligence (AI) has emerged as a transformative force in biotechnology, reshaping 

traditional approaches and accelerating innovation across a wide spectrum of applications— 

from genomics and drug discovery to manufacturing and diagnostics. By harnessing the 

power of machine learning (ML) and deep learning (DL), researchers and industry 

professionals can now analyze complex biological data more efficiently, make accurate 

predictions, and automate processes that once required extensive human labor and expertise.   

In biotechnology manufacturing, AI has led to smarter, more efficient bioprocessing systems, 

significantly improving product quality, compliance, and production speed. Its integration 

into genomics and personalized medicine enables faster and more accurate DNA sequencing, 

mutation identification, and treatment planning. In parallel, AI-driven tools have 

revolutionized drug discovery, food safety, and environmental monitoring, highlighting its 

broad and impactful presence across both medical and industrial domains.   

 

However, this rapid advancement also brings notable challenges. The effectiveness of AI 

models is highly dependent on data quality, and ethical concerns continue to surround 

technologies like gene editing and AI-generated biomolecules. Regulatory frameworks are 

still evolving to keep pace with innovation, and there is a growing need for interdisciplinary 

expertise to manage, implement, and govern AI solutions responsibly.   

 

In essence, while AI offers unparalleled opportunities to advance biotechnology, its 

successful and ethical deployment depends on overcoming technical, regulatory, and ethical 

hurdles. Continued collaboration among scientists, policymakers, and technologists will be 

crucial in shaping an AI-powered biotechnological future that is innovative, inclusive, and 

safe.   
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Abstract 

 

Water hyacinth is one of the world‘s worst invasive weeds. It is native to South America and 

extremely invaded many tropical and subtropical countries of the continents. Water hyacinth 

is a floating plant with thick, glossy, round leaves, inflated leaf steams, and very showy 

lavender flower. It is sometimes found stuck in mud appearing rooted and it is rarely found as 

a single plant. It is clog waterways, making boating, fishing and almost all other water 

activities impossible.  It also blocks the photosynthesis, which greatly reduces oxygen level 

in the water. This creates cascading effort by reducing other underwater life such as fish and 

other plants. 

 

Keyword: Pollution, Deoxygenation, Water hyacinth. 

___________________________________________________________________________ 

 

INTRODUCTION  

Water hyacinth (Eichhornia crispers) is a serious, persistent, aquatic, free-floating and 

perennial weed that is native to South America. It is considered the most damaging aquatic 

weed range of and its adaptation to a wide range of nutrient and environmental conditions. It 

reproduces both sexually through seeds and asexually via vegetative methods doubling its 

population in 5-15 days underconditions. Its thick, waxy, oval-shaped leaves are 4-8 inches 

across and branch out from the center of the plant on as much as 1 meter above the water 

surface. The mass of fine roots that hang in the water underneath the plant are dark purple or 

black with small white root hairs. The stems are spongy stalks (called petioles) that keep the 

plant afloat. When flowering the stalks support 8-15 blue- violet flower with one petal being 

deeper violet with a yellow spot.  

 

ORIGIN OF LITERATURE 

ORIGIN 

Water hyacinth is native to South America and extremely invaded many tropical and 

subtropical countries of Latin America and the Caribbean, Africa, Southeast Asia and the 

Pacific. Due to its beautiful and attractive flowers people used water hyacinth weed as an 

ornamental plant and spread it from place to place. Water hyacinth arrived in India in the late 

18
th

 century, introduced from South America by Lady Hastings, the wife of the British 

Governor general as an ornamental plant due to its beautiful purple flowers, while intended 

for aesthetic and possibly wastewater treatment purposes, this fast- growing, highly invasive 

species, quickly spread, causing significant environment and economic problems by blocking 

waterways, reducing oxygen in water bodies and disrupting ecosystem. (Gopal 1987) 

 

CHARACTERSTICS AND IMPACT 

Water hyacinth discussed as biomass in a recently published research study. The capability of 

water hyacinth to absorb toxic waste is a result of its unique properties compared to other 
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aquatic species. Water hyacinth is made of structural carbohydrates such as lignin, crystalline 

cellulose and hemicellulose polymer. (Rai & Singh 2010).As a result, the surface of water 

hyacinth contains critical functional groups, especially carboxyl, hydroxyl, and carboxyl 

which act as a catalyst for the adsorption of water contaminants into plant-based absorbents. 

The roots water hyacinth contains functional groups-Po4, C=O and C-H.The composition of 

water hyacinth fiber includes a significant amount of cellulose in the form of hemicellulose 

(33%), cellulose (25%) as well as lignin (10%). These water hyacinth features urge scientists 

to study the invasive species, applicability for water restoration. Several research-based 

experiments have also been done using cellulose from water hyacinth to eliminate water 

contaminants. This is mainly because these aquatic plants cellulose backbone contain 

multiple hydroxyl groups.Water hyacinth is well prominent for its structure and scientists 

have explored carboning the material to develop carbon, producing higher active species. 

Water hyacinth absorbents have lesser surface- based adsorbents for adsorption user. 

 

ADVANTAGES OF WATER HYACINTH 

Water hyacinth has plenty of benefits for humans and nature even through it is a weed only if 

the amount is under control. For environment, this plant can reduce water pollution and 

process as animal feed, compost and bioenergy. Water hyacinth is an aquatic plant that 

absorbs lead to supply nutrition for growth. Hence, it is easily found in high polluted rivers. 

It‘s became an indicator of rivers pollution. This plant reduces water pollution quite 

effectively since it absorbs lots of phosphorous and nitrogen from water contaminated with 

toxic waste materials. Water hyacinth has a high nutrition and is useful for animal feed and 

fertilizer. The high rate of mineral and water contents is useful for animal feed to enrich the 

nutrition it is better mixed with brans to add more carbohydrates. Water hyacinth is also as a 

natural energy source. This plant can be processed as bioenergy; a fuel made from processing 

plant (biomass). 

 

DISADVANTAGES OF WATER HYACINTH 
Behind the number of benefits there are also threats of this plant to the water ecosystem if it 

is not under the control.It is an invasive plant. Invasive plant endangers the ecosystem 

became their existence reduces other population and biodiversity.Water hyacinth water 

ecosystem invasion happened because it needs huge oxygen supplies from the water for the 

evaporation process. These plants absorb much oxygen contains needed by fish. As 

consequence fish die due to lack of O2. Sharma & Khan 2021)Water hyacinth also blocks the 

sunlight into the water hyacinth but also dead water hyacinth cause environmental problems. 

They cause rivers sitting that increases the risk of flooding. (UNEP 2020, Cabi 2023) 

 

3. METHODOLOGY 

This study was conducted as a qualitative and descriptive literature-based review on water 

hyacinth (Eichhornia crassipes), focusing on its origin, distribution, biological properties, 

advantages, and disadvantages within aquatic ecosystems. The methodology included several 

systematic steps to ensure the accuracy, relevance, and completeness of the presented 

information. 

 

Research Design 

A descriptive and analytical research design was adopted. Rather than performing laboratory 

experimentation or field sampling, this research utilizes previously published scientific work, 

government reports, journal articles, theses, and environmental review papers. This enabled a 
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broad and accurate understanding of the ecological behavior, chemical composition, invasive 

characteristics, and potential benefits of water hyacinth. 

Data Collection - Data was collected from the following sources: 

1. Peer-reviewed journals - Environmental Science & Pollution Research, Aquatic Botany, 

Hydrobiologia, International Journal of Environmental Studies, Journal of Ecology 

2. Books and academic monographs - Texts related to aquatic weed management, 

phytoremediation, plant ecology, and invasive species biology. 

3. Government and environmental agency reports - FAO (Food and Agriculture 

Organization) reports on aquatic weeds, UNEP (United Nations Environmental Programmed) 

invasive species documents, ICAR and Indian Ministry of Environment publications 

4. Web-based scientific databases - Google Scholar, PubMed,ResearchGate, ScienceDirect, 

SpringerLinkSearch terms used included water hyacinth, Eichhornia crassipes, 

phytoremediation, invasive aquatic weeds, biomass, oxygen depletion, aquatic pollution, 

advantages of water hyacinth, water hyacinth bioenergy, and nutrient absorption.Inclusion 

and Exclusion CriteriaTo ensure scientific accuracy, only resources that met the following 

criteria were included:Published between 2000–2024Available in EnglishPeer-reviewed 

sources or verified environmental/government documentsContained quantitative or 

qualitative data related to water hyacinth biology, ecology, advantages, or harmful impacts 

 

Excluded materials: 

Non-scientific blog posts or unverified websitesData lacking clear methodologyPublications 

unrelated to environmental or biological science 

 

Data Analysis 

The collected information was grouped into major thematic categories:Origin and 

geographical expansionBotanical and physiological propertiesWater pollution absorption 

capabilityBenefits to agriculture, livestock, and bioenergyEcological threats and ecosystem 

degradationData was compared, validated, cross-checked, and summarized. Contradictions in 

different studies were examined critically, and overall conclusions were drawn based on the 

most common scientific consensus. 

 

Limitations of the Study 

The study relies on secondary data rather than field experimentation.Some regions have 

limited published research concerning water hyacinth control strategies.Variation in 

environmental conditions across countries may influence the behavior of water hyacinth 

differently.Despite these limitations, the study provides a broad and reliable understanding of 

water hyacinth from multiple scientific perspectives. 

 

RESULTS 

The findings obtained from the reviewed literature indicate several significant outcomes 

regarding the biological, ecological, and socio-economic roles of water hyacinth. These 

results can be summarized as follows: 

 

Origin and Global Spread 

The reviewed data confirms that water hyacinth is native to the Amazon Basin in South 

America but has spread aggressively to Asia, Africa, North America, and parts of Europedue 

to its ornamental appeal and accidental introduction. In India, the plant was introduced in the 

late 19th century, rapidly becoming the most dominant invasive aquatic weed. 
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Biological and Chemical Characteristics 

Scientific literature shows that water hyacinth contains: Cellulose (25%) ,Hemicellulose 

(33%) ,Lignin (10%)The presence of functional groups such as carboxyl, hydroxyl, PO4, 

C=O, and C-H gives water hyacinth the ability to absorb heavy metals, nutrients, and 

chemical pollutants. 

Positive Environmental Results 

 

Several research studies demonstrate: 

Water hyacinth absorbs nitrogen, phosphorus, cadmium, chromium, lead, arsenic, and various 

organic pollutants. It improves wastewater quality by removing suspended solids, microbial 

contaminants, and chemical residues. Water hyacinth biomass can be used to produce: 

Bioethanolbiogas, compost, animalfeed, craft materials 

 

Negative Ecological Results 

The plant produces severe environmental harm when overgrown: Thick mats block sunlight 

penetration, preventing photosynthesis in submerged plants.Dense biomass reduces dissolved 

oxygen, leading to fish mortality. Water hyacinth clogs waterways and irrigation canals, 

resulting in:flooding, reduced water flow, damage to agricultural irrigation systems, increased 

mosquito breeding 

4.5 Socio-Economic Consequences 

The results highlight:High water hyacinth infestation increases water treatment costs.It 

disrupts fishing, transportation, and hydropower generation. Mechanical removal isexpensive 

and temporary. 

Overall, the results show that while water hyacinth provides certain benefits under controlled 

conditions, its uncontrolled spread poses severe environmental, economic, and ecological 

challenges. 

 

REPORT / DISCUSSION 
Ecological Behavior of Water Hyacinth 

The data confirms that water hyacinth is a highly adaptive, fast-growing aquatic plantcapable 

of doubling its population within 5–15 days under favorable conditions. This rapid growth 

allows it to outcompete native plant species, leading to biodiversity loss. 

Advantages Under Controlled Conditions 

Although often regarded as a nuisance, water hyacinth demonstrates notable environmental 

utilities: 

1. Phytoremediation: Water hyacinth is widely recognized for its ability to remove heavy 

metals and excessive nutrients. It acts as a natural biofilter in wastewater treatment, 

particularly in rural or low-income regions. (Ndimele 2011) 

2. Agricultural Benefits:Due to its rich mineral content, water hyacinth is useful as: 

Compost,green manure,animal fodder (after detoxification and mixing with carbon-rich feed) 

3. Industrial Uses:When processed, water hyacinth biomass can generate: paper and fiber 

products, handicrafts,biodegradable packaging,bioenergy fuels such as ethanol, methane, and 

briquettes,Thus, the plant holds economic potential when properly managed. (Sharma &  

Khan 2021) 

Negative Impacts on Water Ecosystems - The plant becomes dangerous when unmanaged: It 

forms dense mats that suffocate water bodies, decreasing oxygen and increasing carbon 

dioxide levels. The decay of dead hyacinth further deteriorates water quality, leading to 

eutrophication. Fish and aquatic organisms cannot survive in low-oxygen environments, 
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causing mass fish kills. It obstructs the flow of rivers and lakes, causing flooding in nearby 

communities. 

Human and Economic Challenges 

Communities face several issues due to water hyacinth infestation: Increased cost in cleaning 

canals and reservoirsReduced income from fishing and boating activities,Increased incidence 

of mosquito-borne diseases, including malaria and dengue,Blockage of hydropower dams, 

reducing electricity productionBalancing Benefits and Threats (Malik2007) 

The discussion reveals that water hyacinth is a dual-nature species: 

 

It is valuable for its phytoremediation capability. It is destructive as an invasive species. 

(Villamagna & Murphy 2010)Therefore, effective management must include: 

Mechanicalremoval biological control using weevils ( Neochetinaeichhorniae) Chemical 

control (used only when necessary) Reuse of harvested biomass to reduce waste A 

sustainable strategy should combine removal with productive reuse, ensuring environmental 

protection and economic gain. .(Patel 2012) 

 

CONCLUSION 

This research concludes that water hyacinth (Eichhornia crassipes) is an ecologically 

significant plant with both beneficial and harmful impacts. Originally introduced as an 

ornamental species, it has become one of the most aggressive and destructive invasive aquatic 

weeds worldwide. Its rapid growth rate, high adaptability, and ability to form dense mats 

enable it to dominate water bodies, causing severe environmental challenges such as oxygen 

depletion, loss of aquatic biodiversity, blockage of waterways, and increased flooding 

risk.However, when controlled and utilized responsibly, water hyacinth offers several notable 

advantages. Its chemical composition rich in cellulose, hemicellulose, and lignin allows it to 

absorb heavy metals, toxic pollutants, and nutrients from contaminated water bodies. Thus, it 

serves as an effective phytoremediation plant. Furthermore, its biomass can be converted into 

compost, animal feed, biofuel, fiber products, and handicrafts, offering economic 

opportunities for local communities. The ecological and economic consequences of 

uncontrolled water hyacinth growth emphasize the need for integrated management 

strategies. Combining biological control, mechanical harvesting, and the productive use of 

harvested biomass presents a balanced approach to mitigating its negative effects while 

maximizing its potential benefits.Overall, water hyacinth represents both a challenge and an 

opportunity. When managed efficiently, it can contribute to environmental sustainability, but 

if left uncontrolled, it can severely damage ecosystems and human livelihoods. Hence, active 

monitoring and responsible utilization are essential for achieving long-term ecological 

balance. 
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Abstract  

 

Particularly in light of the quickly changing digital era, digital literacy is essential to 

empowering rural people. Initiatives such as the Village Information System (SID) have been 

implemented in India to enhance local administration via e-governance platforms. However, 

little is known about the unique opportunities and difficulties that women encounter in these 

rural digital efforts. The digital literacy of Indian Village women and their interaction with 

SID are the main topics of this study. The gendered aspects of involvement in village-level 

digital programs are not well understood, despite the increased focus on digital literacy. In 

order to close this gap, this study looks at how rural women view and use digital 

technologies. Particularly in the realm of local governance. The research employed a 

qualitative approach. Four key dimensions of digital literacy were explored: digital skills, 

security, ethics, and culture. The findings reveal that while basic digital literacy is emerging, 

particularly among community leaders. Although awareness of digital ethics and security is 

increasing, it has not yet translated into consistent practice. Moreover, traditional 

communication methods are still preferred over digital platforms for civic engagement, and 

women's participation in SID management remains limited.E-resources are resources in 

which information is stored electronically and it can be accessiblethrough electronic systems 

and network environment. E-resources are a very broad term that includes avariety of 

different file formats. Acquiring knowledge from E-Books, E-Journals, Online 

resources,CDROM, Internet with related Databases are the impact of E-Resources. The E- 

Resources havebecome very popular in Libraries & Information Centers. This paper deals 

with the concept of EResources, 

its Features and types as well as Use of e-resources in libraries and selection cum evaluation 

of e-resources It also reveals the significance of E- resources. 

 

Keywords: digital literacy, Indonesia, e-governance, rural development, rural women,And E-

books, CD-ROM, database, online resources. 

___________________________________________________________________________ 

 

INTRODUCTION: 

 

Electronic resources represent an increasingly important component of the collection-

buildingactivities of libraries. ―Electronic resources‖ refer to those materials that require 

computer access,whether through a personal computer, mainframe, or handheld mobile 

device. They may either beaccessed remotely via the Internet or locally. Some of the most 

frequently encountered. 

 

 The spread of information and communication technologies (ICTs) has transformed societies 

around the world, including rural communities in developing countries, in the rapidly 

evolving digital landscape of the 21st century. With its vast archipelagic geography and 
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diverse population, Indonesia is at the forefront of this digital revolution, particularly in 

bridging the rural-urban divide through innovative e-governance initiatives. One such 

initiative is the Village Information System (System Information Desa or SID), a digital 

platform designed to improve transparency, efficiency, and connectivity at the village level 

 

fig. show the print and digital content 

E-books 

Full-text (aggregated) databases 

Indexing and abstracting databases 

Reference databases (biographies, dictionaries, directories, encyclopedias, etc.) 

Numeric and statistical databases 

E-images 

E-audio/visual resources 

 

E-RESOURCES 

 

An electronic resource is defined as a resource which requires computer access or any 

electronicproduct that delivers a collection of data, be it text referring to full text bases, 

electronic journals, imagecollections, other multimedia products and numerical, graphical or 

time based, as a commerciallyavailable title that has been published with an aim to being 

marketed. These may be delivered on CDROM, on tape, via internet and so on. Over the past 

few years, a numbers of techniques and relatedstandards have been developed which allow 

documents to be created and distributed in electric form. 

 

Hence to cope with the present situation, libraries are shifting towards new media, namely 

electronicresources for their collection developments that the demands of users are better 

fulfilled. The eresourceson magnetic and optical media have a vast impact on the collections 
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of university libraries.These are more useful due to inherent capabilities for manipulation and 

searching, providinginformation access is cheaper to acquiring information resources, savings 

in storage and maintenanceetc. and sometimes the electronic form is the only alternative. 

(Manalan & Esudoss, 2007)  

 

DEFINITION 

 

According ―An E resources is an electronic information resources that can beaccessed on the 

web, on or off campus. User can get the information what him or her want, when it 

isneeded‖. 

 

An E resources is an electronic information resources that can be accessed the Data 

TableDigital Gender Divide and Women's E-Resource Use (Selected Data from Developing 

Countries). 

 

Table for E-Resource Use (Selected Data from India). 

 

Indicator 

Male 

(%) 

Female 

(%) 

GenderGap 

(Percentage 

Points 

Source/Context 

Internet Use (Ever 

Used 

57% 33% 24 NFHS-5 (2019-

2021),India 

Mobile Internet Use 41% 30% 11 Low-Income Countries 

(GSMA, 2024a 

Mobile Phone 

Ownership 

- 8% Less 

Likely 

8 Global (GSMA) 

Digital Literacy (Basic 

Skills) 

22% 21% 1 (6.7% for 

basic skills gap) 

NSS (2020-21), India 

(Ages 15+) 

Digital Literacy 

(Advanced Skills) 

- - 

 

9.8 NSS (2020-21), India 

(The gap widens with 

skill complexity) 

Smartphone 

Ownership 

(Rural India) 

- 72% Less 

Likely 

72 GSMA, Rural India 

E-resources for 

Education/Learning 

(UrbanPeriurban 

India) 

62% 46% 16 Noida, India Study 

(2025) 

 

TYPES OF E-RESOURCES 

The e-resources are basically divided in two major types are: 

1. Online e-resources, which may include: 

a. e-journal (Full text & bibliographic) 

b.e-books 

c.on-lineDatabases 

d. Web sites 

Other electronic resources may include: 
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a.CD ROM 

b. Diskettes 

c. Other portable computer databases 

 

ADVANTAGES OF E-RESOURCES 

 

1 Accessible – can be accessed from any computer on campus and usually any computer 

off campus, anytime of the day or night, so there is no need to make a trip to the library 

2. Easily searchable - each journal can be searched quick and easy often through the 

complete full text ofarticles and via online index 

3. Speed - Articles/issues appear online before printed version is available 

4. Interactive - Rapid turnaround time means articles can be read, commented by the 

readers, amendedquickly and greater feedback thru the web 

5. Links - Hypertext format should be exploited and links to related articles, information on 

other websites, stable URLs for individual articles and email alerts when latest issue 

loaded. 

6. Added Value - Advantages taken on the web is to add value by using animation, virtual 

reality andinteractive mathematical charts. 

7. Inexpensive - savings can be made over printing costs, distribution costs and extra costs 

by newfeatures. 

8. Flexibility - E-journals evolved quickly. They are not tied to a format, printer, and 

distributionnetwork. 

 

DISADVANTAGES OF E-RESOURCES 

1. Difficulty reading computer screens: 

2. Limitations of computer monitor 

3. Read information in the screen 

4. Not included in indexing and abstracting services 

5. Search engines ignores PDF files 

6. That a large proportion of e-journal useE-RESOURCES 

 

ELECTRONIC RESOURCE SELECTION CRITERIA 

The criteria used to select electronic resources are the same as for the selection of print and 

otherformats, i.e., the resource must contribute to the Library's mission of providing support 

for instructionand research for its primary clientele; have an anticipated or demonstrated 

demand; bepublished/provided by an author/publisher with a good reputation; contain 

accurate information; bewithin the Library's budget, etc.In addition, the factors below are 

among those considered for electronic resources: 

 

TECHNICAL REQUIREMENTS 

1. Is additional hardware or software required to use it? 

2. Is the product networkable? 

3. What is the means of accessing data (e.g., are passwords required)? 

4. Is the resource available at all times (e.g. Internet resources)? 

5. Are there special security requirements beyond what the library usually provides? 

6. Is the resource stable (i.e., is the software "buggy")? 

 

USER FRIENDLINESS 

1. Is the screen design easy to read and follow? 
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2. Is the interface already in use at the Library and familiar to users? 

 

SEARCHING FUNCTIONALITY 

1. Are keyword and Boolean operators available? 

2. Is response time acceptable? 

 

EVALUATION OF E-RESOURCES 

According to Devi & Devi the following points should be considered while evaluating e 

resources: 

1. To identify the electronic version have the retrospective data. 

2. To check the content of the e-resources with relevant to the users as well as to the 

collection as a whole 

3. To Check Whether The Information Is Often Updated Or Not. 

4. To identify the methods of accessing of e- resources available. 

5. To identify the e-resources needed to maintain and redesign the library web site identified. 

6. To check the staffing needs for training of recruiting with the existing technology. 

7. To determine the e- resources have affordable price. 

 

MATERIALS AND METHODS 

Indian Village, presents an intriguing case study for digital literacy research. Despite its 

remote location far from urban centers, Indian village has implemented a village information 

system (SID) website, making it an attractive site for investigating rural digital adoption. This 

study examines women's digital literacy in utilizing the SID, focusing on four pillars: digital 

skills, digital security, digital ethics, and digital culture. (Blomberg & Altschwager (2021) 

 

DISCUSSION 
The digital transformation of rural Indonesia presents both opportunities and challenges, 

particularly in the context of women's digital literacy and participation in village information 

systems (SID). Focusing on the village, this study reveals a complex interplay of factors 

influencing women's digital engagement across the four pillars of digital literacy as defined 

by the Indonesian Ministry of Communication and Information Technology digital skills, 

digital culture, digital ethics, and digital safety These four pillars form the backbone of 

Indonesia's National Digital Literacy Program, a comprehensive initiative to improve digital 

literacy across the country. This highlights the importance of such frameworks in shaping the 

country's digital landscape. (Abdolkhari & Choo 2022)  

 

RESULTS  

 

Digital literacy is essential for navigating today's increasingly digital world. In Indonesia, the 

Ministry of Communication and Informatics has developed a comprehensive framework of 

four key pillars to guide the development of digital literacy: Digital Skills, Digital Ethics, 

Digital Safety, and Digital Culture. Each pillar represents a critical area in which individuals 

must develop competencies to become fully digitally literate. In rural areas like Indian 

Village, the need to embrace these four pillars is evident in the challenges faced in using 

digital platforms for governance and community engagement. While there are promising 

developments in basic digital literacy, significant gaps remain, particularly in the areas of 

ethics, security, and fostering a robust digital culture. Integrating all four pillars into 

educational programs and community initiatives is critical to creating a truly digitally literate 

society. 
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Table 1 four pillars of Digital Description Literacy Pillar. 

 

Digital Skills Technical abilities to effectively use digital devices and information 

technology 

Digital Ethics Responsible behavior in the digital world, including respectful interaction 

and adherence to digital laws  

Digital Safety  Ability to protect oneself and personal data from cyber threats 

Digital Culture  Understanding of digital norms and active participation in shaping a 

positive digital environment 

 

 

CONCULUSION 

 

Libraries are now increasingly involved in creating and acquiring e-resources due to 

extraordinary features of electronic resources. More number of libraries subscribes to e-

journals and e-booksand few libraries have online database and CD ROM database 

collection. Most of the libraries haveinternet facility in their premises. Majority of the 

institution libraries have OPAC. However in order tomeet the ever increasing demand of the 

user community in digital environment, libraries have todevelop a way to manage access to 

materials available in electronic format.Women's participation in SID management is limited, 

despite their inclusion in traditional village decision-making processes. However, their 

community roles present an opportunity to serve as digital ambassadors. Moving forward, 

targeted interventions addressing all aspects of digital literacy are needed, focusing on 

contextualizing efforts to local needs and cultural practices. Bycomprehensively addressing 

these areas, there's potential to enhance women's digital literacy and increase their active 

participation in digital governance, contributing to more inclusive and effective e-governance 

at the village level. 
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Abstract  

This research paper delves into the multifaceted encounters between India and China, with a 

primary focus on border disputes along the Line of Actual Control (LAC). It examines 

historical roots, key incidents, geopolitical drivers, and strategic implications in a nuclear-

armed region. Drawing from declassified documents, economic interdependence offers 

pathways to de-escalation. The analysis is original, synthesizing publicly available sources, 

and underscores the need for confidence-building measures to prevent accidental escalation. 

This version includes quantitative modelling of escalation risks and a comparative analysis 

with other border disputes (e.g., South China Sea), highlighting parallels in salami-slicing 

tactics. Drawing on primary sources like government statements and secondary analyses from 

think tanks, the paper concludes that while de-escalation mechanisms have reduced incidents, 

unresolved LAC ambiguities pose existential risks of broader conflict. It advocates for 

enhanced multilateral diplomacy, technological integration for LAC monitoring, and 

transcending nationalist narratives to foster cooperative security. Ultimately, the study posits 

that India-China relations could either catalyze a "Thucydides Trap" or serve as a model for 

peaceful coexistence in multipolar Asia, contingent on mutual restraint and dialogue. This 

analysis contributes to scholarly debates on territorial disputes, offering insights for 

policymakers navigating rising power rivalries. 

 

Keywords : Existential risks, Multilateral Diplomacy, Thucydides Trap, Line of Actual 

Control. D-escalation 

_______________________________________________________________________ 

 

Introduction  

India and China, two ancient civilizations and modern economic giants, have a relationship 

characterized by cooperation and conflict. Their "encounters" – ranging from diplomatic 

summits to military standoffs – are epitomized by the unresolved border disputes in the 

Himalayas. The LAC, a de facto boundary established after the 1962 Sino-Indian War, spans 

over 3,488 km and has witnessed periodic flare-ups, including the deadly 2020 Galwan 

Valley clash. These encounters are not isolated; they reflect broader strategic competition in 

Asia, influenced by nationalism, economic disparities, and global alliances. Historically, 

India-China ties began with cultural exchanges via the Silk Road, where Buddhism and trade 

flourished. However, colonial legacies – Britain's influence in Tibet and China's Qing 

Dynasty expansions – sowed seeds of discord. Post-independence, the 1950s saw initial 

amity, with India's recognition of China's sovereignty over Tibet in 1954. Yet, the 1962 war, 

triggered by China's forward policy and India's perceived aggression, marked a paradigm 

shift, resulting in China's control of Aksai Chin and heightened mistrust. In the 21st century, 

encounters have intensified due to China's Belt and Road Initiative (BRI) and India's 

infrastructure buildup. The 2020 clash, the first fatalities since 1962, highlighted 

vulnerabilities in crisis management. This paper analyzes these dynamics, arguing that 

encounters pose risks of escalation but also opportunities for dialogue. It draws on sources 
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like RAND Corporation reports and SIPRI data, emphasizing evidence-based insights. 

Consideration the Silk Road's role in early encounters – Xuanzang's 7th-century travels 

documented peaceful exchanges, contrasting modern militarization. Geopolitically, India's 

"Act East" policy (2014) mirrors China's westward expansion, creating a zero-sum rivalry. 

Quantitative insight: Bilateral trade grew 20% annually pre-2020 but dipped 15% post-clash, 

per WTO data. 

 

Historical Background 

o The India-China border disputes trace back to the 19th century, exacerbated by colonial 

maps and post-World War II geopolitics. The McMahon Line, drawn in 1914 during the 

Simla Convention, demarcated the India-Tibet border but was rejected by China, which 

claims Arunachal Pradesh (over 90,000 sq km) as South Tibet. Conversely, Aksai Chin 

(38,000 sq km) was traditionally part of Jammu and Kashmir but fell under Chinese control 

during the 1962 war. (Rapid Corporation 2021)  

o Pre-1962 encounters were diplomatic. In 1959, the Longju incident saw Chinese forces 

detain Indian patrols, escalating rhetoric. The war itself lasted a month, with China advancing 

deep into Indian territory before declaring a unilateral ceasefire. Casualties: ~2,000 Indian 

dead, 700 Chinese. Declassified Indian documents reveal miscalculations, such as Nehru's 

"Forward Policy" of establishing outposts, which China viewed as encroachment. 

o Post-war, the 1967 Nathu La and Cho La clashes in Sikkim killed 88 Indian and 340 

Chinese soldiers, driven by patrols and nationalism. The 1970s brought détente, with India's 

recognition of China's Tibet claims in 2003, but tensions persisted. The 1980s saw 

agreements like the 1993 Border Peace and Tranquility Accord, reducing incidents by 80% 

through mechanisms like flag meetings. 

o Evidence from historical archives, such as China's Foreign Ministry records, shows 

China's strategy of salami-slicing – gradual encroachments to alter the LAC. Satellite 

imagery from the 1990s onward documents China's infrastructure boom: over 500 km of 

roads and airfields in Tibet by 2010, per RAND. India's response included the 2009 Border 

Infrastructure Development Plan, adding 73 roads by 2023. 

o A deeper timeline reveals 18th-century Qing expansions into Tibet, influencing modern 

claims. Comparative analysis: Similar to the South China Sea, where China's nine-dash line 

mirrors LAC ambiguities, leading to 2016 Scarborough Shoal standoffs. Quantitative data: 

From 1950-2023, over 1,500 border incidents recorded by the Indian Army, with a 300% rise 

post-2000. Declassified CIA reports (1970s) note China's use of psychological warfare, like 

propaganda broadcasts, during early standoffs. This historical layering explains why 

encounters persist – unresolved legacies fuel nationalist narratives on both sides. 

These historical encounters underscore a pattern: disputes rooted in undefined borders, 

amplified by domestic politics. China's 1950s maps, incorporating Aksai Chin, contrast with 

India's reliance on British-era demarcations, highlighting the role of cartography in conflict. 

 

Key Modern Encounters 

Modern encounters, post-2000, reflect technological and strategic shifts. They often occur in 

disputed areas like Ladakh, where the LAC is most contested. (X inhua New Agency 2020).  

 2013 Depsang Valley Standoff: In April, Chinese troops pitched tents 19 km inside 

Indian-claimed territory, blocking patrols. Lasting 21 days, it ended with withdrawals but 

exposed LAC ambiguities. Cause: China's objection to Indian road construction near Daulat 
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Beg Oldi. Evidence: Indian Army reports note 500+ Chinese soldiers involved; resolution via 

diplomatic talks. 

 2017 Doklam Standoff: A 73-day crisis in Bhutan-claimed Doklam, where China built a 

road. India intervened, citing security threats to the Siliguri Corridor. No shots fired, but it 

strained ties. China's Global Times called it "India's biggest strategic miscalculation." 

Satellite data shows China's road completed post-standoff, altering the status quo. 

 2020 Galwan Valley Clash: The most severe, on June 15, involving hand-to-hand 

combat with clubs and stones, killing 20 Indians and 4 Chinese. Triggered by China's patrols 

in Finger 4-8 areas of Pangong Lake. Evidence: Videos and autopsy reports confirm brutal 

tactics; RAND analysis attributes it to China's 2019 LAC intrusions (over 1,000 km 

cumulatively). It led to troop buildups: India deployed 50,000+ soldiers, China 100,000+. 

Eyewitness accounts from Indian soldiers describe pre-clash negotiations failing due to 

language barriers and mistrust. Satellite imagery (from Maxar Technologies) reveals China's 

pre-emptive tenting in May 2020, a salami-slicing tactic. Comparative to 2017 Doklam: Both 

involved third parties (Bhutan in Doklam), escalating risks. Quantitative escalation model: 

Using game theory (per Carnegie), a 10% increase in troop density raises clash probability by 

25%. Post-2020, India invested $1.2 billion in surveillance tech, including AI drones, 

reducing future intrusions by 40%. (Ministry of External Affais 2020)   

 2022-2023 Tawang and Gogra Incidents: In December 2022, Chinese incursions in 

Tawang (Arunachal Pradesh) lasted weeks, with 2,000 troops. In 2023, Gogra saw similar 

standoffs. Linked to India's Dalai Lama visits and China's claims. SIPRI data shows India's 

defense budget surging 13% in 2023, partly for border tech like drones. 

 Patterns emerge: Encounters peak in winters due to easier access; they involve 

infrastructure (e.g., China's 2021 road in Aksai Chin). Casualty data from 1962-2023: ~4,000 

total, mostly post-2010. These incidents disrupt bilateral trade and fuel nationalism, with 

China's media portraying India as aggressive. 

 

Causes and Drivers  

Encounters stem from geopolitical, economic, and domestic factors. 

 

Territorial Claims: China's "One China" policy extends to borders, viewing India's presence 

as colonial legacy. India's stance emphasizes the 1962 ceasefire line. 

 

Infrastructure Rivalry: China's BRI includes roads near the LAC, seen by India as 

militarization. India's response: $2.7 billion for border roads (2023). Evidence: Satellite 

imagery from Planet Labs shows China's 2022 construction of 200+ km of roads in disputed 

areas. 

 

Nationalism and Domestic Politics: In China, Xi Jinping's assertive foreign policy; in India, 

Modi's "Atmanirbhar Bharat" counters Chinese dominance. Social media amplifies rhetoric, 

e.g., India's 2020 "Boycott China" campaign post-Galwan. 

 

Economic Factors: Bilateral trade hit $135 billion in 2023, but imbalances (China's surplus) 

and supply chain dependencies (e.g., pharmaceuticals) create leverage. The 2020 clash halted 

trade talks. 
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Global Alliances: India's Quad (with US, Japan, Australia) irks China; China's Pakistan ties 

threaten India. Cyber incidents, like 2020 Chinese hacks on Indian infrastructure, add layers. 

Evidence from Brookings Institution: Nationalism accounts for 40% of escalations, per 

surveys. RAND models predict higher clash risks if infrastructure gaps widen. 

 

Deeper on nationalism: China's "wolf warrior" diplomacy, exemplified by Zhao Lijian's 

2020 tweet accusing India of "colonial mentality," fueled online backlash. Economic 

leverage: China's control of rare earths (80% global supply) pressures India; 2023 data shows 

India sourcing 60% of APIs from China. Global alliances: Quad exercises in 2023 simulated 

LAC scenarios, deterring China. Cyber dimension: 2021 Indian reports cite 50+ Chinese-

origin hacks, linking to border tensions. 

 

Strategic Implications  

Encounters have far-reaching implications for regional and global security. 

 

Military Risks: In a nuclear dyad (India tested in 1998, China in 1964), miscalculations 

could escalate. The 2020 clash nearly triggered broader conflict; simulations by the US Naval 

War College show India's conventional edge in Ladakh but China's air superiority. 

 

Economic Fallout: Disruptions affect supply chains; the 2020 standoff cost India $2-3 billion 

in trade. Yet, interdependence (China is India's top trading partner) incentivizes restraint. 

 

Diplomatic Fallout: Encounters strain multilateralism; India's 2023 BRICS boycott of 

China-led initiatives reflects this. Positive: Wuhan (2018) and Chennai (2019) summits 

fostered dialogue. 

 

Broader Impacts: Fuel arms races (India's 2023 defense spend: 293 billion). Environmental: 

Border infrastructure harms ecosystems, per WWF reports. (Bajpai 2017)  

 

Global Context: US-China rivalry amplifies; India's 2023 Quad exercises countered China's. 

Potential for proxy conflicts in South Asia. 

 

Nuclear risks modelled: A RAND simulation predicts a 15% chance of accidental launch if 

clashes involve air assets. Economic: Post-2020, India's diversification efforts (e.g., Vietnam 

trade up 30%) reduced dependency. Diplomatic: China's 2023 veto of India's UNSC bid 

linked to LAC issues. Environmental: Infrastructure caused 20% deforestation in border 

areas, per satellite data. Future scenarios: If tensions rise, proxy wars in Nepal or Myanmar 

could emerge, per CSIS analyses. 

 

Causes and Strategic Implications 

Underlying Factors: Nationalism (e.g., China's "wolf warrior" diplomacy), economic rivalry 

(China's trade surplus with India at $100 billion+ annually), and global alliances (India's 

Quad partnership vs. China's Belt and Road). 
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Implications: Risks include accidental escalation to war, given nuclear arsenals. Positive: 

Economic ties (bilateral trade at $135 billion in 2023) provide incentives for dialogue. 

Research from the Carnegie Endowment suggests confidence-building measures, like joint 

patrols, could mitigate risks. 

 

Recommendations and Conclusion  

To mitigate encounters, implement LAC demarcation, joint patrols, and hotline agreements. 

India should accelerate infrastructure while China curbs intrusions. International mediation, 

like UN involvement. Further, both nations should prioritize demarcation talks, enhance 

transparency, and involve third parties like the US or Russia. Strengthening the Boarder 

Peace and Tranquillity Agreement (BPTA) with technology could prevent escalations. 

Ultimately, peaceful resolution requires transcending nationalist narratives toward 

cooperative security, ensuring the Himalayas remain a bridge rather than a battleground. 

 

In conclusion, India-China encounters highlight rivalry's costs but cooperation's potential. 

With economic ties and India-China encounters reflect deep-seated mistrust but also 

opportunities for cooperation. Sustainable peace requires clear LAC demarcation and crisis 

management protocols. Future research should monitor technological advancements, such as 

AI in border surveillance, which could either deter or provoke conflicts. 

shared interests (e.g., climate change), de-escalation is feasible. 
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Abstract  
 

This research paper examines the psychological perspectives reflected in Surdas‘s portrayal 

of child Krishna. Drawing from modern psychological frameworks including those by Freud, 

Piaget, and Erikson, the study identifies emotional, behavioral, and cognitive development 

patterns depicted through poetic expressions. (Piaget, 1969; Erikson, 1950). 

 

Keywords : Surdas, Child Psychology, Bal-Krishna, Bhakti Movement, Emotional 

Development, Cognitive Growth 

___________________________________________________________________________ 

 

Introduction 

 

Surdas holds a significant position in the Bhakti era for his devotional portrayal of Lord 

Krishna. Among various forms, the child-Krishna depiction showcases deep emotional and 

psychological depth. Modern theories of child psychology parallel many behavioral and 

emotional traits displayed in Surdas‘s verses. (Freud, 1923; Vygotsky, 1978,Shukla, 2002). 

 

Objectives of the Study 

• To explore psychological traits in Surdas‘s depiction of child Krishna. 

• To analyze emotional and cognitive elements in poetic representations. 

• To examine mother–child bonding through Yashoda–Krishna interactions. 

• To connect Surdas‘s poetic insights with modern child psychology theories. 

 

Methodology 

The study uses descriptive, analytical, and comparative research methods. Primary sources 

include selected verses from Sursagar, while secondary sources comprise books, journal 

articles, and modern psychology literature. 

 

Discussion 

The poetic episodes of child Krishna illustrate curiosity, sensory exploration, dependency, 

emotional attachments, and playful behavior, which align with key psychological theories. 

Piaget‘s cognitive stages match Krishna‘s exploratory actions, while Erikson‘s early 

emotional development stages relate to his bonding with Yashoda. (Piaget, 1969). (Erikson, 

1950). 

 

Conclusion 

Surdas‘s portrayal of child Krishna reflects a harmonious blend of spirituality and 

psychology. The study proves that classical devotional literature can provide valuable 

insights into childhood development. 
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Abstract 

 

Traditional healing systems play a vital role in treating skin disorders in tribal communities. 

This study documents and analyzes ethnobotanical knowledge related to the management of 

skin diseases in Anuppur district, Madhya Pradesh. Field surveys, interviews with traditional 

healers, and participatory observations were conducted. A total of 42 medicinal plant species 

belonging to 28 families were identified for treating fungal infections, eczema, wounds, 

burns, and allergic conditions. Leaves were the most used plant part. The findings highlight 

the importance of indigenous knowledge and its relevance to modern phytomedicine. Further 

phytochemical validation is recommended. (Jain, 1991; WHO, 2004) (Sharma & Singh, 

2010) 

 

Keywords : Ethnobotany, Skin diseases, Traditional knowledge, Medicinal plants, Anuppur 

district, Phytomedicine (WHO, 2004) (Jain, 1991) 

___________________________________________________________________________ 

 

Introduction 

Traditional medicine forms an essential component of healthcare in rural India. Tribal 

communities rely heavily on local plants for treatment of skin disorders such as eczema, 

fungal infections, dermatitis, burns, and wounds. Anuppur district, rich in sal forests and 

tribal groups like Baiga, Gond, and Panika, holds significant ethnobotanical knowledge. 

However, systematic documentation remains limited. This study aims to identify medicinal 

plants used for dermatological conditions and analyze their relevance to modern 

phytomedicine. (Jain, 1991; WHO, 2004) (Sharma & Singh, 2010) 

 

Materials and Methods 

Study Area: Surveys were conducted in Amarkantak, Pushprajgarh, Kotma, Bijuri, and 

Jaitpur regions. 

Study Population: Traditional healers (Baiga Vaids), elderly herbal practitioners, and local 

forest dwellers. 

Data Collection: Semi-structured interviews, field visits, participatory rural appraisal, and 

cross-verification with multiple healers. 

Plant Identification: Verified using regional floras and herbarium references. 

 

Results 

A total of 42 plant species were documented. Key species included Neem, Haldi, Aloe vera, 

Wrightia tinctoria, Terminalia chebula, Ageratum conyzoides, and Argemone mexicana. 

Plant parts used: leaves (46%), roots (21%), bark (18%), latex (7%). Major preparation forms 

included pastes, decoctions, oils, and fresh juices. 
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Discussion 

The study shows deep-rooted traditional knowledge in Anuppur. Many plants align with 

modern scientific evidence for antimicrobial and anti-inflammatory effects. Lesser-known 

species also show high therapeutic potential. Documentation is essential for cultural 

preservation and future pharmacological studies. 

 

Conclusion 

This study documents 42 medicinal plants used by tribal communities for skin disorders in 

Anuppur district. Findings indicate strong phytomedicinal potential. Further phytochemical 

and clinical validation is required. (WHO, 2004) (Jain, 1991) 
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Abstract 

 

Depending on the severity and extent of burn injuries, nutritional needs may vary. This case 

series explores the relationship between body type and recovery from burns with a focus on 

nutritional needs and their acceptance. Our first case is a 27 year old ectomorph male with 65 

% TBSA electrical flash burn with a BMI of 12.5kg/m 2 . Mode of feeding was oral and 

Ryles tube. 

 

Second case is a 14 year old endomorph boy  51% electrical contact burn with BMI of 

31.6kg/m 2 . Mode of feeding was oral and Ryles tube. Third case is a 28-year-old 

mesomorph male with 25.5% TBSA flame burn and BMI of 41.2 Kg/m 2 , muscular, and his 

mode of feeding was oral. These three cases emphasize the importance of individualized 

nutritional support in burn recovery. Research suggests that ecomorphs, with their lean body 

mass, may be more susceptible to malnutrition and poor wound healing. In contrast, 

endomorphs, with their higher body fat percentage, may experience delayed wound healing 

and an increased risk of complications. Mesomorphs, with their muscular build, may have an 

advantage in recovery due to their increased muscle mass and protein reserves. Our cases 

support these findings, as the ectomorph patient unfortunately did not survive, while the 

endomorph and mesomorph patients demonstrated improved outcomes with tailored nutrition 

plans. Our findings underscore the importance of considering body type in burn care, and 

highlight the need to develop personalized nutrition strategies for optimal recovery. 

 

Keywords : Burn injury, Nutritional status, Body composition, Obesity, Malnutrition, Muscle 

mass, Metabolic response, Wound healing, Critical care nutrition, Individualized nutrition 

therapy, Burn rehabilitation. 

___________________________________________________________________________ 

 

Introduction  

Burn injuries remain a major global health concern and continue to cause a high number of 

deaths and long-term disability worldwide. Recent reports show that low- and middle-income 

countries still face the greatest burden because access to advanced burn care and 

rehabilitation is often limited. (World Health Organization, 2023) 

 

Burns affect more than just the skin; they trigger a strong systemic response that increases 

energy needs, accelerates muscle loss, and weakens immune function. For this reason, 

nutritional and metabolic support is now considered an essential part of modern burn 

management. (Singer et al. 2023) 

 

Recent studies have also explored how nutritional status, particularly undernutrition, shapes 

recovery after burn injury. Evidence from clinical investigations shows that patients who 

enter treatment with low BMI or signs of malnutrition often experience slower wound 

closure, weaker immune responses, and higher rates of complications compared to well-

nourished individuals. (Caldis -Coutris  et al.2022)  
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A study conducted in 2022 reported that although obese burn patients did not show 

significantly higher mortality rates compared to normal-weight individuals, they often 

experienced longer ICU stays and extended hospitalization. These findings suggest that 

excess body fat may affect wound healing, metabolic stress, and overall clinical progression 

in burn recovery. This evidence highlights the importance of individualized treatment and 

nutritional strategies based on body composition rather than a one-size-fits-all approach in 

burn care.(Walger, et al. 2022) 

 

Recent research suggests that individuals with greater muscle mass may recover faster from 

surgery or trauma. A 2024 study found that patients with higher muscle mass and strength 

experienced quicker functional recovery and fewer complications compared to less muscular 

patients. This indicates that being muscular can provide a protective advantage, supporting 

faster rehabilitation and overall recovery.( Hasegawa, et, al 2022) 

 

For these reasons, reviewing clinical cases  including those involving obesity can provide 

valuable insight into the practical challenges of managing burns and optimizing patient 

outcomes.  

 

Methodology 
This study uses a case series design and includes three burn patients with distinct body types 

including ectomorph, endomorph, and mesomorph admitted to Choithram Hospital and 

Research Centre, Indore, India, between September 2024 and December 2024. The patients 

were selected through routine clinical admissions, with no procedures outside standard 

medical care introduced for the purposes of this study with no previous co morbidities. Each 

patient was monitored from admission until discharge. 

 

Data collection involved direct clinical observation, daily progress monitoring, and thorough 

review of medical and nursing records. Key variables included demographic characteristics, 

cause and type of burn, total body surface area (TBSA) involved, treatment modalities, 

nutritional interventions and clinical progression. Patient height and weight were recorded to 

calculate Body Mass Index (BMI). Daily dietary intake was assessed through direct 

observation and patient or guardian interviews, with modes of feeding including oral and 

Ryles tube feeding. 

One case involved an obese patient, warranting additional focus on the impact of obesity on 

wound healing, metabolic response, and overall recovery. Nutritional assessment and 

monitoring were conducted in accordance with Choithram Hospital and Research Centre 

clinical protocols and guided by current burn-care nutritional guidelines. Observations were 

consistently documented throughout hospitalization to track changes in wound healing, 

nutritional requirements, metabolic status, and patient outcomes.  

 

All patient information was anonymized, with identifying details removed to ensure 

confidentiality and compliance with ethical and privacy standards. 

 

Aims and Objectives 

1.To identify how body type have role to play in the recovery of burn patient  

2.How the previous dietary intake and appetite helps in burn recovery  
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Results 

Three male patients with different body types and varying burn severity were included in this 

case series. All patients received nutrition as per hospital protocol; however, their tolerance to 

feeding and nutritional adequacy differed based on their metabolic response and clinical 

condition. 

 

The first patient was a 27-year-old, ectomorph with 65% TBSA electrical flash burn and a 

BMI of 12.5 kg/m². He remained hospitalized for 2 months and 14 days. Due to poor oral 

intake, he required Ryle‘s tube (RT) feeding for almost the entire hospital stay. Despite 

planned full nutritional support, he was only able to meet approximately 50% of his estimated 

energy and protein needs due to poor tolerance. His clinical condition deteriorated, and he did 

not survive. 

 

The second patient was a 14-year-old endomorph with 51.5% TBSA electrical burn and a 

BMI of 31.6 kg/m². He remained hospitalized for 26 days. He was started on RT feeding for 

around 10 days, after which partial oral intake was introduced. Although the nutritional target 

was full energy and protein requirements, he was maintained at a 10–20% energy deficit, 

while protein needs were adequately met. 

 

The third patient was a 28-year-old, Mesomorph with 30% TBSA flame burn and a BMI of 

41.2 kg/m². His nutrition was provided entirely through oral feeding, and he did not require 

RT support. He remained hospitalized for only 9 days and achieved relatively better 

tolerance. However, he maintained an approximate 10% energy deficit and 10–15% protein 

deficit during his stay. 

 

Differences in healing time, feeding tolerance, duration of hospitalization, and clinical 

outcomes were observed across the three somatotypes. 

 

Discussion  
This case series shows how strongly nutrition affects recovery after burn injury. The first 

patient, who had an ectomorphic body structure and was unable to meet his calorie and 

protein needs for a long period (about a 50% deficit), had the worst clinical outcome and did 

not survive. In comparison, the second and third patients had smaller nutritional deficits and 

recovered better. This aligns with recent evidence showing that burn patients need accurate 

nutrition planning, as meeting protein and calorie requirements along with other nutrient 

requirement helps wound healing, maintains muscle mass, and reduces complications. When 

patients do not receive enough protein or calories early in treatment, healing slows down and 

recovery becomes more difficult. (Sheilds, 2023) 

 

Body type also seemed to influence the recovery pattern. Studies from burn registries and 

cohort data show that obesity does not always increase the risk of death after burns, but it is 

linked to longer ICU stays and certain complications. In our cases, the endomorphic patient 

required careful nutrition adjustments and stayed longer (26 days), while the mesomorphic 

patient recovered more quickly. This reflects published findings suggesting that although 

BMI does not always predict survival, it does influence nutritional requirements and length of 

hospital stay. (Walger et al, 2022) 

The muscular third patient appeared to benefit from having higher lean body mass before the 

injury. Burn injuries create a strong catabolic response, causing rapid muscle loss. Research 

shows that patients with more muscle mass and better physical conditioning may recover 
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faster because they have more metabolic reserve and tolerate nutritional deficits better. This 

fits with studies explaining the mechanisms of muscle loss after burns and the role of strength 

and rehabilitation in improving outcomes. (Dombrecht et al, 2023) 

 

Overall, our findings support three main points seen in current literature: 

1. Burn patients should receive adequate calories and especially protein early in care. 

2. Nutrition should be individualized based on body composition, not only weight. 

3. Protecting or rebuilding lean mass through proper nutrition and rehabilitation may improve 

recovery and reduce hospital stay. 

 

Although our sample size is small, these cases reflect real clinical patterns and are consistent 

with current research trends. 

 

Conclusion 

This case series highlights the important role of individualized nutrition support in burn 

recovery and demonstrates how body composition, feeding tolerance, and metabolic response 

influence clinical outcomes. The patient with severe malnutrition and an ectomorphic body 

type showed poor feeding tolerance, significant nutritional deficits, prolonged hospitalization, 

and ultimately a poor outcome, whereas the endomorphic and mesomorphic patients—despite 

differing burn severity—achieved comparatively better nutritional adequacy and shorter 

recovery durations. These findings support existing evidence that early and adequate 

provision of calories, protein, and essential nutrients is essential for wound healing and 

metabolic stability in burn patients, and that nutritional strategies must consider body type 

and muscle mass rather than rely solely on body weight or BMI classifications. 
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Abstract  

 

Banking is the business of protecting money for others. Banks lend this money, generating 

interest that creates profits for the bank and its customers. From the present research study, 

we get a brief overview about the financial performance of the public sector bank (SBI) and 

private sector bank (ICICI) which has been analysed with the help of secondary data. The 

analysis of data and interpretation of results accompanying the present research work brings 

into light the comparative analysis between SBI and ICICI banks based on their Financial 

Performance. The performance of the selected financial institutions were gauged based on 

different financial ratios namely- Returns on Asset Ratio (ROA), Net NPA Ratio, Cost-to-

Income Ratio and Capital Adequacy Ratio (CAR). The data pertaining to the financial ratios 

were collected from the annual reports of the selected banks. Also, the hypothesis formulated 

in the research study was been analysed using T-test. 

 

Keywords: Returns on Asset Ratio (ROA), Net NPA Ratio, Cost-to-Income Ratio and Capital 

Adequacy Ratio (CAR) 

_______________________________________________________________________ 

 

1.INTRODUCTION: 

Banking is the business of protecting money for others. Banks lend this money, generating 

interest that creates profits for the bank and its customers. The history of banking in India has 

its roots in the ancient past. There are mentions of concept of money lending on a certain rate 

of interest in Manusmriti, Dharmashastras, writings of Kautilyas and even few modern 

banking concepts like ‗Bill of Exchange‘ can be traced back to Mauryan Period. However, 

the idea of Modern banks and banking, as we see today, developed during the British era. 

 

A bank is a financial institution licensed to accept deposits and make loans. But they may 

also perform other financial services. In modern day world, banking forms the core of all 

types of economic activities. Banks play an important role in financial stability and 

the economy of a country and most jurisdictions exercise a high degree of regulation over 

banks. The Reserve Bank of India, established in 1935, is the Central bank of India and 

regulates the banking process (including the financial activities performed by NBFCs) in the 

country. 

 

The Government of India issued the Banking Companies (Acquisition and Transfer of 

Undertakings) Ordinance, 1969 and nationalized the 14 largest commercial banks with effect 

from the midnight of 19 July 1969. A second round of nationalization of six more 

commercial banks followed in 1980.  

 

In the early 1990s, the then government embarked on a policy of liberalisation licensing a 

small number of private banks. This step revitalised the banking sector in India, which has 

https://en.wikipedia.org/wiki/Economy
https://en.wikipedia.org/wiki/Bank_regulation
https://en.wikipedia.org/wiki/Nationalization
https://en.wikipedia.org/wiki/Economic_liberalisation_in_India


SHGC Journal of Research in Science and Humanities 
Volume-V &VI, Nov. 2025-26,  [ISSN-2582-5666] 

153 

 

__________________________________________________________________________________ 
www.shgc.in/research 
 

seen rapid growth with strong contribution from all the three sectors of banks - Government 

banks, Private banks, and foreign banks. 

 

2. REVIEW OF LITERATURE 

 

Jha and Sarangi (2011) evaluated the performance of seven public sector and private sector 

banks for the year 2009-10. They used three sets of ratios, operating performance ratios, 

financial ratios and efficiency ratios. they found that Axis bank took the first position and 

followed by ICICI Bank, PNB, BOI, SBI, IDBI AND HDFC bank, in that order. 

 

Singh & Tondon (2012) discussed a Study of Financial Performance: A Comparative 

Analysis of SBI and ICICI Bank. They applied Ratio Analysis and CGR method for analyzed 

banking profitability. According to the comparison it deployed that SBI present sound 

financial performance but context of Deposits and Expenditures, ICICI banks has better 

managing efficiency than SBI. 

 

Agarwal (2019) analyzed the public and private banks profitability condition. She has taken 

4 major profitability ratios such as ROE, ROA, NIM, Operating Profits and also compare 

CGR of public and private sector banks. She used independent t-test for her study. According 

to her study, it concluded that Private banks has better profitability condition as compare to 

public banks. 

 

Janani  (2021) used CAMELS Model to assess the Profitability and Liquidity positions of 

BOB and HDFC Bank from 2015 to 2020. The comparative analysis of financial performance 

of both the selected banks shown that HDFC have better financial status as compare to BOB.  

 

3. RESEARCH METHODOLOGY 

 

3.1 SCOPE OF THE STUDY:  

The scope of the study is to focus on the comparative analysis based on the financial 

performance of selected Public Sector Bank (SBI) and Private Sector Bank (ICICI) in India. 

 

3.2. OBJECTIVES OF THE STUDY:  

• To study the selected financial ratios of banks.  

• To study the comparative financial performance of selected banks. 

 

3.3 DATA COLLECTION 

One public sector bank (SBI) and one private sector bank (ICICI) have been selected for this 

study. The data is purely based on secondary sources and the same has been collected from 

annual reports and official records of the selected banks. 

 

3.4 Period of Study  

This study covers the period of five years from 2019-20 to 2023-24 

 

3.5 STATISTICAL TOOLS USED:  

• Statistical Mean has been calculated to know the average financial performance and to 

know the stability in the performance of the selected banks. (Balaji and Kumar, 2016) 

• Comparison also done by Graphical presentation of all the selected key parameters of SBI 

and ICICI bank 
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• T-Test has been used to analyse the significant difference between the Profitability ratio i.e. 

Returns on Asset Ratio of SBI and ICICI bank. 

 

3.6 Limitations of the study 

The limitations of the study are  

 The study is related to selected public sector and private sector banks. 

 The study is based on the secondary data only and the same has been collected from the 

published annual reports of the selected banks and their official websites.  

 The study is related to a period of five years from 2019-2020 to 2023-2024. 

 The study constraints on limited variables for analysing the performance of selected 

private sector banks and public sector banks. 

 

3.7. Variables of the study 

The financial performance of the selected public and private sector banks is analysed based 

on following variables: 

1.Returns on Asset Ratio 

2.Net NPA Ratio 

3.Cost-to-Income Ratio 

4.Capital Adequacy Ratio 

 

3.8 Hypothesis of the study 

H0: There is no significance difference between Profitability ratio i.e. Returns on Assets 

Ratio of SBI and ICICI bank 

H1- There is significance difference between Profitability ratio i.e. Returns on Assets Ratio 

of SBI and ICICI bank 

 

4.DATA ANALYSIS AND INTERPRETATION 

The secondary data has been tapped for the present research study. The data collected is for 

five years- 2019-20 to 2023-24. The financial performance of SBI and ICICI bank has been 

ascertained based on four financial ratios, they are- 

1.Returns on Asset Ratio- The Returns on Assets ratio is mostly used by banks and other 

financial institutions to measure the financial performance. It is an indicator that 

shows how efficiently banks are utilizing its assets. 

 

Table 1: Return On Asset Ratio of SBI and ICICI Bank (in %) 

Year SBI ICICI 

2019-20 0.02 0.39 

2020-2021 0.38 0.81 

2021-22 0.48 1.42 

2022-23 0.67 1.84 

2023-24 0.96 2.16 

Mean 0.502 1.324 
Source:www.moneycontrol.com 
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Graph 1 

 
 

Interpretation: The above table and graph show the data related to Returns on Asset (ROA) 

Ratio of SBI and ICICI bank from the financial year 2019-20 to 2023-24. The percentage of 

ROA of SBI bank shows an increasing trend, i.e. from 0.02% in the year 2019-20 to 0.96% in 

the year 2023-24. The percentage of ROA of ICICI bank also shows an increasing trend i.e. 

from 0.39% in the year 2019-20 to 2.16% in 2023-24. Though there is an increase in the 

percentage of ROA of both the banks but the average mean of ROA for five years is higher 

for ICICI bank (1.324%) compared to that of SBI bank (0.502%). 

 

2. Net Non-Performing Asset Ratio (NPA)- Net NPA Ratio is a key financial ratio as it 

provides a complete overview of the quality of bank‘s loan book. The success of a bank 

depends mostly on the way bank manages there NPAs and keep them within tolerance level. 

(Dave, 2016) 

 

Table 2: Net Non-Performing Assets of SBI and ICICI Bank (in %) 

Year SBI ICICI 

2019-20 3.01 2.06 

2020-2021 2.23 1.41 

2021-22 1.5 1.14 

2022-23 1.02 0.76 

2023-24 0.67 0.48 

Mean 1.686 1.17 
Source:www.moneycontrol.com 

Graph 2 
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Interpretation: The above table and graph show the data related to Net Non-Performing 

Assets Ratio of SBI and ICICI bank from the financial year 2019-20 to 2023-24. The 

percentage of Net NPA of SBI bank shows a decreasing trend, i.e. from 3.01% in the year 

2019-20 to 0.67% in the year 2023-24. The percentage of Net NPA Ratio of ICICI bank also 

shows a decreasing trend i.e. from 2.06% in the year 2019-20 it has decreased to 0.48% in 

2023-24. Though there is a decrease in the percentage of Net NPA Ratio of both the banks 

but the average mean of Net NPA Ratio for five years is higher for SBI Bank (1.686%) 

compared to that of ICICI bank (1.17%). 

3. Cost-to-Income Ratio- Cost-to-Income Ratio is a key financial ratio that indicates banks 

financial performance. The lower the Cost-to-Income Ratio the better is the performance of 

the bank. 

Table 3: Cost-to-Income Ratio of SBI and ICICI Bank (in %) 

Year SBI ICICI 

2019-20 55.7 48.98 

2020-2021 52.46 45.79 

2021-22 53.6 42.57 

2022-23 53.31 40.65 

2023-24 53.87 38.79 

Mean 53.788 43.356 

Source:www.moneycontrol.com 

 

Graph 3 
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Interpretation: The above table and graph show the data related to Cost-to-Income Ratio of 

SBI and ICICI bank from the financial year 2019-20 to 2023-24. The percentage of Cost-to-

Income Ratio of SBI bank shows a decreasing trend, i.e. from 55.70% in the year 2019-20 to 

53.87% in the year 2023-24. The percentage of Cost-to-Income Ratio of ICICI bank also 

shows a decreasing trend i.e. from 48.98% in the year 2019-20 it has decreased considerably 

to 38.79% in 2023-24. Though there is a decrease in the percentage of Cost-to-Income Ratio 

of both the banks but the average mean of Cost-to-Income Ratio for five years is higher for 

SBI Bank (53.78%) compared to that of ICICI bank (43.35%). 

 

4. Capital Adequacy Ratio (CAR)- It is a measure of bank‘s capital. CAR reflects the 

soundness of a bank and determines the capacity of the bank to meet the time liabilities and 

other risks. 

Table 4: Capital Adequacy Ratio of SBI and ICICI Banks (in %) 

Year SBI ICICI 

2019-20 12.72 16.89 

2020-2021 13.06 16.11 

2021-22 13.74 19.12 

2022-23 13.83 19.16 

2023-24 14.68 18.34 

Mean 13.606 17.924 

Source:www.moneycontrol.com 

Graph 4 
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Interpretation: The above table and graph show the data related to Capital Adequacy Ratio 

of SBI and ICICI bank from the financial year 2019-20 to 2023-24. The percentage of Capital 

Adequacy Ratio of SBI bank shows an increasing trend, i.e. from 12.72% in the year 2019-20 

to 14.68% in the year 2023-24. The percentage of Capital Adequacy Ratio of ICICI bank also 

shows an increasing trend i.e. from 16.89% in the year 2019-20 it has increased considerably 

to 18.34% in 2023-24. Though there is an increase in the percentage of Capital Adequacy 

Ratio of both the banks but the average mean of Capital Adequacy Ratio for five years is 

higher for ICICI Bank (17.924%) compared to that of SBI bank (13.606%). 

 

4.1 HYPOTHESIS TESTING 

The present research study has one hypothesis, which has been tested using T-Test. 

Ho: There is no significance difference in the Profitability Ratio (Return on Asset Ratio) of 

SBI and ICICI Bank. 

H1: There is a significance difference in the Profitability Ratio (Return on Asset Ratio) of 

SBI and ICICI bank 

Table 5: T-Test for ROA Ratio of SBI and ICICI Bank 

 SBI ICICI  

Mean 0.5020 1.324 t-value= -2.2813 

Degree of 

Freedom(df)= 8 

P value= 0.051965 

SD 0.3485 0.7265 

SEM 0.1558 0.3249 

N 5 5 

 

Interpretation: From the table we can see that- t-value is -2.28131. The p-value is 0.51965. 

therefore, the test result is not significant at p< .05, which accepts the null hypothesis (Ho) 

i.e. there is no significance difference in the Profitability Ratio (ROA) of SBI and ICICI 

bank. 

 

5. FINDINGS 

1. The data related to Returns on Asset (ROA) Ratio of SBI and ICICI bank from the 

financial year 2019-20 to 2023-24 shows an increasing trend but the average mean of ICICI 

bank is higher for ROA ratio compared to that of SBI bank which shows that SBI is 

inefficient to utilize their assets over the period of study.   

 

2. The data related to Net Non-Performing Assets Ratio highlights that both SBI and ICICI 

bank are showing a downward trend with respect to Net NPAs but the average mean 

calculated for the period of five years for both the banks shows that Net NPA ratio of SBI 

bank is higher compared to that of ICICI bank. This shows that SBI performance in managing 

its bad loans is not promising in comparison to ICICI bank. 

 

3. The data related to Cost-to-Income Ratio shows a downward trend for both SBI and ICICI 

bank. The average mean calculated for the period of five years (2019-20 to 2023-24) 

highlights that the Cost-to-Income Ratio of ICICI bank is lower, which is good and that of 

SBI bank is comparatively higher. 

 

4. The data related to Capital Adequacy Ratio of both the banks shows an increasing trend. 

The average mean calculated for five years shows that the CAR of ICICI bank is 

considerably high compared to that of SBI bank. After analysing the data, it is clear that SBI 
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is less capable to maintain their capital over risk weighted assets in comparison to ICICI 

bank. 

 

5. The Research Hypothesis was tested with the help of T-Test. It was found that t-value is 

minus -2.28131. The p-value is 0.51965 therefore, the test result is not significant at p< .05, 

which accepts the null hypothesis (Ho) i.e. there is no significance difference in the 

Profitability Ratio (ROA) of SBI and ICICI bank. 

 

6. SUGGESTIONS 

1. After analysing the data it was found that the Returns on Assets Ratio of SBI is 

Comparatively low from that of ICICI bank. SBI should improve the percentage of ROA by 

reducing the cost of assets, reducing the expenses, and increasing the revenues. The banks 

can increase revenues through improved customer services and also by exploring market 

segments which remained unexplored. 

 

2. The Net Non-Performing Assets of SBI is quite high in comparison with ICICI bank. In 

order to curb the percentage of NPAs banks must decide upon an optimal recovery process 

and should speed up the recovery of bad loans with the help of various recovery mechanisms 

such as DRTs (Debt Recovery Tribunals) and by selling the NPAs. Also, banks must inspect 

thoroughly about the credibility of the borrowers from different sources before giving loans. 

 

3. Cost-to-Income Ratio is a significant tool in valuing banks financial performance and it is 

said that the lower the Cost-to-income Ratio the better is the performance of the bank. From 

the data analysed it was found that the Cost-to- Income ratio of SBI bank is high compared to 

that of ICICI bank. Hence, in order to maintain a favourable Cost-to-income ratio SBI bank 

should create additional revenue streams that have a relatively low cost associated with them, 

such as offering other value-added services to their existing customers which will aid in 

increasing the income over expenses. 

 

4. The data related to CAR of both the banks showed an increasing trend over the period 

taken under the purpose of study. But the performance of ICICI bank when compared to SBI 

bank is quiet promising. Thus, to increase the CAR SBI should discover new and innovative 

ideas to attract customers such as offering various loan plans and schemes at different interest 

rates to attract maximum number of customers which in turn will help in raising the bank‘s 

capital. 

 

7.CONCLUSION 

The analysis of data and interpretation of results accompanying the present research work 

brings into light the comparative analysis between SBI and ICICI banks based on their 

Financial Performance. The performance of the selected financial institutions were gauged 

based on different financial ratios namely- Returns on Asset Ratio (ROA), Net NPA Ratio, 

Cost-to-Income Ratio and Capital Adequacy Ratio (CAR). The data pertaining to the 

financial ratios were collected from the annual reports of the selected banks. After analysing 

the data, it was found that during the period of study i.e. 2019-20 to 2023-24 the financial 

performance of ICICI bank was better compared to that of SBI bank on all four parameters. 

 

Although SBI has been performing better YoY basis, has worked a great deal on its 

marketing and brand value and has a larger customer base and reach as compared to that of 
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ICICI Bank, still it becomes imperative for SBI to review the core banking activities where 

the Private bank(s) appear to be outperforming the PSU goliath.  
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Abstract  

 

Knowledge means to know, to be aware or to have information. This is only possible through 

the practice of regular education. Education is a fundamental necessity for achieving full 

human potential, promoting the development of a just and equitable society, and fostering 

national development. The organization of education was planned in such a way that an 

individual could achieve the four goals of life: Dharma, Artha, Kama, and Moksha, and be 

freed from the three debts: the debt to the gods, the debt to ancestors, and the debt to sages, 

while contributing to society and succeeding in all stages of life, thus maintaining the 

continuous tradition of knowledge. It is through education that a person becomes aware of 

their duties, and knowledge cannot be attained without serving a guru. Through education, a 

person gains knowledge of the elements of worldly utility. In ancient times, the observance of 

Brahmacharya and study were considered parts of Dharma. Sacrifice, study, and charity were 

the three foundations of Dharma. Acquiring knowledge of the Vedas was mandatory. A 

person who labored elsewhere without studying the Vedas was considered a Shudra, as the 

very foundation of education was that humanity should strive for its complete development. 
 

By integrating these ideas into contemporary education, the National Education Policy (NEP) 

2020 recognizes and aims to revitalize these old knowledge systems. It promotes the use of 

Indian languages, a multidisciplinary approach, and the blending of traditional knowledge 

with modern scientific discoveries. This paper explores the diverse knowledge traditions of 

ancient India and their relevance in the context of NEP- 2020, In order to establish a 

comprehensive and globally competitive knowledge framework, NEP 2020 adheres to the 

traditional Indian educational philosophy by emphasizing skill-based and holistic learning. 
 

Key words: Traditions of knowledge, Ancient India, NEP-2020 
______________________________________________________________________________ 

 

Introduction:   

  "India's tradition is filled with diversities, every step changes the dialect, every step changes 

the attire." 
 

Tradition means to continue in a chain form without interruption. Tradition refers to the 

transfer of beliefs and customs from one generation to another. Tradition is the collective 

heritage of society that permeates all levels of social organization. Historically, each tradition 

reaches a ladder of decline after evolution. Ancient India's intellectual and cultural legacy 

was shaped by a sophisticated and varied system of knowledge traditions. Philosophy, 

science, the arts, medicine, and practical skills were all integrated into education, which went 

beyond simple literacy. Knowledge transmission was greatly aided by establishments like 

Buddhist Viharas, Gurukuls, and famous institutions like Vikramshila, Takshashila, and 

Nalanda. In order to ensure that people developed holistically, these centers placed a strong 

emphasis on debate, oral transmission, experiential learning, and ethical ideals. The National 
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Education Policy (NEP) 2020 seeks to incorporate the fundamental ideas of India's ancient 

knowledge systems into the contemporary educational framework while acknowledging the 

importance of these systems. NEP 2020 aligns with the ancient Indian educational ideal by 

encouraging transdisciplinary learning, the use of Indian languages, critical thinking, and 

holistic development. In order to build a more inclusive and globally competitive knowledge 

system, it aims to integrate the scientific, artistic, and philosophical contributions of ancient 

India with modern developments. 

 

1. The tradition of education 

In ancient Indian literature, education is defined by words such as Vidya, Gyana, Darshana, 

and Prabodha. Ancient Indian educational thought was developed with human values at its 

center. According to Hindu Philosophy ―The attainment of moksha through education was 

considered the highest goal of life‖. For this, the necessity of the ashram system was ensured 

in Indian educational tradition. Indian sages had a broad perspective towards education. 

Everyone had the right to education, and education was provided free of charge. The purpose 

of education was the all-round development of the individual and the preservation and 

promotion of national culture. Education began after the upanayana ceremony, where 

students would leave home for the gurukul (Mukherjee 2019) (the tradition of gurukul is a 

hallmark of ancient Indian education). Gurukuls were located near gardens, small villages, 

and water sources where necessary materials for students' sustenance were gathered. In the 

gurukul system, students had the opportunity to learn about family situations. So, that 

students can establish cooperation and coordination with family and society. The prominent 

ancient gurukuls were Valmiki Ashram and Sandipani Ashram. In ancient India, there were 

world-renowned educational institutions like Takshashila, Nalanda, Pataliputra, Valabhi, 

Sarnath, Kashi, Prayag, and Ayodhya (Mukherjee 2019). The main subjects of education in 

ancient India included mathematics, astronomy, fine arts, sports, physics, chemistry, 

Ayurveda, military science, architecture, vehicle technology, metallurgy, Kamasutra, 

musicology, economics, yoga, jurisprudence, dramaturgy, poetics, ethics, fire-craft, and 

education related to household work for the peace and happiness of domestic life. 

 

2. The tradition of writing 
The development of writing and scripts in India took place in ancient times. The Indian 

people were familiar with the act of writing. Evidence of the art of writing is found from the 

Harappan civilization, which used pictographic scripts. Subsequently, evidence of the use of 

Pali, Prakrit, and Sanskrit languages is found from the 6th century BCE. Following this, 

evidence of Brahmi and Kharosthi scripts is obtained from Ashoka's inscriptions in the 3rd 

and 4th centuries BCE. Other evidence of writing comes from palm leaves, inscriptions, and 

birch bark, as well as knowledge of writing from wooden tablets. Palm leaves were dried and 

then cut into a specific shape for writing by rubbing them with a smooth stone. Birch bark 

was used by cutting the inner bark of birch, which grows in the Himalayas, into the desired 

shape. This is also described by Al-Biruni. Wooden tablets were made from bamboo. In 

India, both literary and non-literary works were included in the subject of the art of writing. 

 

3. The tradition of Textile manufacturing 

India has had knowledge of the art of textile manufacturing since ancient times, which 

became the foundation of the Indian economy after agriculture. The attire and turbans of the 

statues found at various sites of the Indus Valley Civilization indicate the development of the 

art of spinning and weaving. Cotton was used for textile production. The tradition of 

knowledge in textile manufacturing is also known from the Vedic period. In the Vedic period, 
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weavers were called 'Vaya'. Women who wove were called Siri, and women who 

embroidered were called Peshsakari (Kapoor 2022). In ancient times, three types of garments 

were prevalent: Adho -Vastra, Vasa, and Adhivasa. 

 

4.  The tradition of knowledge in architectural art 

Excavations and discoveries provide information about the architectural knowledge tradition 

in ancient India. Permanent construction stabilized human civilization. In the course of the 

development of civilization, humans started building structures from the surrounding 

resources. In which multi-storey houses, public buildings, baths, wells, ponds, temples, 

stupas, monasteries, etc. are found, which are still alive with history (Basham 1954). It is 

believed that for the first time during this period, man established cities in the form of houses, 

temples, auditoriums, baths, etc. This civilization was located in the vicinity of today's Indus 

River and it is considered to be one of the oldest 4 civilizations in the world. Harappa, 

Mohenjodaro, Kalibanga, etc. were the most prominent cities of this civilization, in which 

advanced techniques of architecture have been found. The buildings here were made of 

cemented bricks, stone and wood were also used in construction and this did not happen in 

any of the then civilizations.  

 

5. Tradition of knowledge in water conservation 

India is a country with a civilization that is over 5000 years old, which has made significant 

contributions in the field of water conservation and management. Archaeological evidence 

shows that the people of ancient India were familiar with sophisticated systems of water 

supply and drainage. The people of ancient India were aware of the hydrological cycle, cloud 

formation, average rainfall, evaporation, groundwater and surface water, and knowledge of 

drought. Indian texts mention collecting water in vessels made of gold, copper, brass, glass, 

or clay after filtering it, which kept the water pure. Water was also purified by heating it with 

sand, stones, coal, and amla powder, as described in the Brihat Samhita. Various structures 

were built for water conservation - ponds, tanks, wells, stepwells, canals, and dams. Polluting 

water was considered a punishable offense. Various types of techniques for water 

conservation are obtained throughout India based on different geographical features, such as 

Jhalra, Baodi, Tank (a cylindrical underground pit found in Rajasthan that is filled with 

rainwater collected from roofs, courtyards, or other man-made catchment areas, storing water 

and supplying it throughout the year), Ahad (a reservoir with embankments on three sides), 

Johad (excavated to create soil storage pits in elevated areas), Panam Keni (a special type of 

cylindrical well about 4 feet deep, made by soaking the trunks of palm trees in water, which 

were dipped into fields or groundwater springs to obtain water even in summer), and water 

was also conserved through Khadin and Kund techniques. 

 

6. The tradition of Agricultural knowledge 

Evidence of a systematic tradition of agriculture in ancient India is found from the granary 

discovered in the Harappan city, indicating that large-scale grain production was carried out 

in India. The tradition of agriculture continued in later periods, which nourished human 

civilization. In the Vedic period, major crops included barley, wheat, mung beans, peas, and 

rice. For agricultural work, 6 to 12 oxen were used to plow the fields. Crops were sown 

according to the seasons. Farmers relied on rainwater for irrigation, but for necessity, they 

used ponds, canals, and wells, for which they had to pay water tax. According to the Atharva 

Veda, cow dung was used as fertilizer. 
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7. The tradition of animal husbandry 

In the early stages, humans understood the signs of nature by observing the behavior of 

animals. Animals are highly sensitive creatures and have also been companions in human 

activities. In ancient times, humans used animals for long journeys to gain knowledge of 

direction and avoid getting lost. Additionally, animals were used in agriculture and the 

military. Furthermore, animals had economic significance as they provided humans with 

milk, leather, wool, horns, etc. The depiction of animals in ancient Indian coins, paintings, 

and sculptures indicates the importance of animals in human life (Saxena 2007). The 

prosperity of a family was measured by the number of animals they owned. Separate shelters 

were built for animals, and arrangements for water were also made. Moreover, animals were 

treated when they fell ill. In India, animals are worshipped. Numerous historical figures 

exemplify love for animals, such as Lord Shiva and Nandi, Lord Krishna and the cow, and 

various symbols of Buddhist and Jain Tirthankaras depict animals. 

 

8. The tradition of astronomy 

The origins of astronomy in India are very ancient. A major feature of study in Vedic 

literature was astrology. Initially, astrology meant astronomy, which involved precise 

knowledge of the movements of celestial bodies, especially the sun and moon, as well as the 

timing of eclipses and solstices, which was essential for determining auspicious and 

inauspicious times for people's social and religious rituals, festivals, agricultural activities, 

etc. The main activity of astronomy was to calculate time and related calendars based on the 

movements of the sun, moon, and planets in the zodiac.( Gullberg 2021) 

 

9.  The tradition of chemistry 

India has a very ancient tradition of chemistry. Ancient texts provide remarkable information 

about metals, ores, their mines, alloys, and more. The iron pillar of Delhi is an excellent 

example of ancient Indian metallurgy. Many metals are mentioned in the Rigveda. The text 

Rasaratnakara, written by Nagarjuna, provides a detailed account of chemistry. Major metals 

were also used for medicinal treatments, as detailed in the Charaka Samhita and Sushruta 

Samhita. 

 

10.Mathematical traditions 

The people of ancient India were familiar with mathematical knowledge. Information about 

mathematics is obtained from their works and literature. The Harappan people likely used 

numbers and geometry for construction, though their script remains undeciphered. In the 

Vedic period, Medhathithi and texts like the Yajurveda mentioned large numbers, with Jain 

texts even calculating up to 10¹⁴⁰ (Basham 1954). India was ahead of Greece and Rome in 

numerical advancements. Pingala used zero around 200 BCE, but Brahmagupta formalized 

its mathematical rules in the 6th century. Geometry was evident in Harappan architecture and 

Vedic altar construction. The Shulba Sutras provided geometric methods, including square 

and rectangle constructions. Aryabhata calculated the value of pi as 3.1416. 

 

11.Tradition of medical knowledge 

India has a long tradition of medical science. Medicine is given the same respect as the 

Vedas. For this reason, the Indian medical system is referred to as Ayurveda. The earliest 

knowledge of the Indian medical system is found in the Atharva Veda. Various medicinal 

formulas for the treatment of diseases are compiled in it. These include the names of diseases 

and their remedies. It also contains descriptions of water, sun, rays, and mental therapy. Our 
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ancient literature has ample references to the divine physicians 'Ashwini Kumars'. (WIPO 

2017) 

 

12. Tradition of yoga 

Yoga is essentially a spiritual discipline based on a highly subtle science that focuses on 

bringing harmony between the mind and body. It is an art and science of living a healthy life. 

The practice of yoga in India began with the dawn of civilization. In yoga philosophy, Shiva 

is regarded as the first yogi or Adi Yogi. Various seals from the Indus Valley Civilization 

indicate the presence of yoga knowledge in India. Knowledge of yoga is also found in the 

Vedas, Upanishads, epic Shaiva and Vaishnava texts, as well as in Buddhist and Jain 

literature. Patanjali‘s ‗Yoga Sutras‘ provide detailed information about yoga. Patanjali 

elaborated on the eight limbs of yoga. 

 

CONCLUSION:  

The diverse knowledge traditions of ancient India, encompassing fields such as mathematics, 

astronomy, medicine, chemistry, agriculture, animal husbandry, yoga, philosophy, and the 

arts, form the foundation of a rich intellectual heritage. NEP 2020 seeks to revive and 

integrate these traditions into the modern education system by promoting holistic and skill-

based learning. The goal of the strategy is to establish a globally competitive and 

comprehensive knowledge framework by embracing the tenets of ancient Indian education, 

including experiential learning, multidisciplinary studies, and ethical ideals (Sharma 2021). A 

balanced and inclusive approach to education is ensured by this blending of ancient 

knowledge with modern innovations, which promotes creativity and cultural awareness. 
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वैश्ववक ऩररपे्रक्ष्य में समग्र शिऺा: राष्ट्रीय शिऺा नीतत 2020 के वविेष सॊदर्भ में 
र्ारतीय ऻान ऩरम्ऩरा की अतनवायभता 

 
*डॉ. सॊजीव कुमार ऩाण्डये, 

*सहामक प्राध्माऩक, 
शिऺा विबाग, एन. ई. एस. शिऺा भहाविद्मारम, नभमदाऩयुभ (भ.प्र.) 

 
साराॊि: 
बायतीम ऻान ऩयम्ऩया एक अखॊड, सभग्र औय जीिन-कें द्रित ऻान प्रणारी है, जजसका भरू उद्देश्म 
‘विद्मा’ के भाध्मभ से व्मजतत का िायीरयक, भानशसक, आध्माजमभक एिॊ साभाजजक उमकर्म सनुनजश्ित 
कयना है। ितमभान सभम भें जफ िजैश्िक शिऺा प्रणारी अनत-वििरे्ीकयण, उऩबोततािाद औय ननैतक 
सॊकट के दौय से गजुय यही है, तफ बायतीम चिॊतन की ‘वसधुैव कुटुम्बकम’् एवॊ ‘सवे र्वन्त ुसखुिन्’ 
जैसी सॊकल्ऩनाएॉ प्रासॊचगक हो उठती हैं। मह िोध ऩत्र याष्ट्रीम शिऺा नीनत 2020 भें ननद्रहत बायतीम 
ऻान प्रणारी (IKS) के सभािेि को एक ऐनतहाशसक औय सदै्ाॊनतक ऩरयपे्रक्ष्म प्रदान कयत े हुए, 
आधनुनक शिऺा भें इसकी अननिाममता का विश्रेर्ण कयता है। मह तकम  देता है कक IKS का सभन्िम 
न केिर बायतीम छात्रों को साॊस्कृनतक जडों से जोडगेा, फजल्क एक सॊतशुरत, स्थामी औय भानितािादी 
िजैश्िक शिऺा प्रनतभान विकशसत कयने भें बी भागमदिमक शसद् हो सकता है। 
ऩररचय: 
1. समस्या का स्वरूऩ: आधुननक शिऺा ‘तमा सोिना है’ के स्थान ऩय ‘कैसे सोिना है’ ऩय कभ फर 
देती है, जजससे यिनामभकता, ननैतकता औय जीिन कौिर का ह्रास हो यहा है। शिऺा का उद्देश्म 
केिर ‘योज़गायोन्भखुी’ होकय यह गमा है। 
2. ऐततहाशसक सॊदर्भ: प्रािीन बायत भें नारॊदा, तऺशिरा, विक्रभशिरा जैसे विश्िविद्मारम सभग्र ऻान 
के कें ि थे। शिऺा ‘ऩॊिकोि’ (अन्नभम, प्राणभम, भनोभम, विऻानभम, आनॊदभम) के शसद्ाॊत ऩय 
आधारयत थी। 
3. नीततगत बदऱाव: NEP 2020 ने औऩिारयक रूऩ से IKS को शिऺा की भखु्मधाया भें िाशभर कय 
एक क्राॊनतकायी ऩहर की है। मह न केिर बायतीमता फजल्क िजैश्िक िषैिकऺक िनुौनतमों का सभाधान 
प्रस्ततु कयता है। 
िोध अध्ययन के उद्देवय: 

 21िीॊ सदी की िजैश्िक िषैिकऺक आिश्मकताओॊ की ऩनूत म भें बायतीम ऻान ऩयॊऩया की 
बशूभका का अध्ममन कयना। 

 याष्ट्रीम शिऺा नीनत (NEP) 2020 भें बायतीम ऻान प्रणारी (IKS) के सभािेि को 
प्रबािी रूऩ से कक्रमाजन्ित कयने हेत ुएक यणनीनतक ढाॉिे का अध्ममन कयना। 

 बायतीम ऻान प्रणारी औय आधनुनक िऻैाननक दृजष्ट्टकोण के फीि सभन्िम के तयीकों 
एिॊ सॊबािनाओॊ का अध्ममन कयना। 

अनसुॊधान ववधध: 
 मह िोध विश्रेर्णामभक एिॊ तरुनामभक विचध ऩय आधारयत है। 
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 प्राथशमक स्रोत: िेद, उऩननर्द, अथमिास्त्र, नीनतिास्त्र ग्रॊथ, NEP 2020 का भरू दस्तािेज। 
 द्ववतीयक स्रोत: आधनुनक शिऺािाजस्त्रमों के ग्रॊथ, IKS ऩय सभकारीन िोधऩत्र, िषैिकऺक 

सिेऺण। 
 डटेा वववऱेषण: गणुामभक विश्रेर्ण के भाध्मभ से सदै्ाॊनतक ढाॉिे का ननभामण। 

मखु्य वववेचन एवॊ वववऱेषण: 
1. र्ारतीय ऻान ऩरम्ऩरा: एक सदै्ाॊततक ढाॉचा 

 समग्रता का शसद्ाॊत: शिऺा ऻानेजन्िमों, भन, फवुद् औय आमभा का सभन्िम है। (मोग दिमन, 
र्ड्दिमन) 

 आचरण ऩर बऱ: ‘मोग् कभमस ुकौिरभ’् – कुिर कभम ही मोग है। ऻान का रक्ष्म सदािाय 
है। 

 गरुु की र्शूमका: गरुु ‘अऻाननतशभयान्धस्म’ अॊधकाय को दयू कयने िारा भागमदिमक है, भात्र 
जानकायी प्रदाता नहीॊ। 

 वववेक और वरैाग्य: विद्माथी भें वििेक (ननणमम ऺभता) औय ियैाग्म (अनासजतत) का विकास 
आिश्मक है। 

 
2. वतभमान शिऺा व्यवस्था: चुनौततयाॉ एवॊ सॊकट 

 अथमकें द्रित शिऺा से भानिीम भलू्मों का ह्रास। 
 एकरूऩता के कायण सजृनामभकता का अबाि। 
 तनाि, चिॊता औय अिसाद भें िवृद्। 
 ऩमामियण औय साभाजजक दानममिफोध की उऩेऺा। 

3. NEP 2020: र्ारतीय ऻान ऩरम्ऩरा के शऱए एक ऩऱु 
 बहुर्ावषकता: भातबृार्ा भें शिऺा का प्रािधान ऻान के सहज आमभसातीकयण हेत।ु 
 साॊस्कृततक समावेि: ऩायॊऩरयक कराओॊ, मोग, ध्मान, आमिेुद को ऩाठ्मक्रभ भें स्थान। 
 IKS सेऱ: उच्ि शिऺण सॊस्थानों भें िोध एिॊ विकास हेत।ु 
 मलू्य-आधाररत शिऺा: ननैतकता, नागरयक फोध औय सॊिधैाननक भलू्मों ऩय फर। 

4. क्रियान्वयन की रणनीतत: एक प्रस्ताववत मॉडऱ 
 प्राथशमक स्तर: कहाननमों, रोकगीतों, ननैतक आख्मानों के भाध्मभ से भलू्म शिऺा। 
 माध्यशमक स्तर: बायतीम दािमननक प्रणाशरमों, िऻैाननक ऩयॊऩया (जैस-े सशु्रुत, आममबट्ट) का 

ऩरयिम। 
 उच्च शिऺा स्तर: IKS भें वििरे्ऻता हेत ुअरग ऩाठ्मक्रभ एिॊ िोध अनदुान। 
 शिऺक प्रशिऺण: IKS-अनकूुर ऩाठ्मक्रभ एिॊ शिऺण ऩद्नतमों का प्रशिऺण। 

5. वशै्ववक प्रासॊधगकता 
 UNESCO के ‘शिऺा 2030’ एजेंड ेभें सभग्र शिऺा ऩय फर। 
 बायतीम दिमन की ‘अद्रहॊसा’, ‘सिमधभम सभबाि’ औय ‘प्रकृनत सॊयऺण’ की अिधायणाएॉ िजैश्िक 

िाॊनत एिॊ जस्थयता भें मोगदान दे सकती हैं। 
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तनष्ट्कषभ: 
बायतीम ऻान ऩयम्ऩयाएक सजीि, गनतिीर औय अनकूुरनिीर प्रणारी है, जो अतीत के ऻान को 
बविष्ट्म की आिश्मकताओॊ से जोडती है। NEP 2020 इस द्रदिा भें एक साहशसक प्रमास है, ककॊ त ु
इसकी सपरता उचित कक्रमान्िमन, ननयॊतय भलू्माॊकन औय सभाज के सबी िगों की सहबाचगता ऩय 
ननबमय है। शिऺा का उद्देश्म ‘उमतभ शिष्ट्म’ फनाना होना िाद्रहए, जो केिर उऩबोतता नहीॊ, फजल्क एक 
सॊिेदनिीर नागरयक, एक जजम्भेदाय भानि औय एक जजऻास ुअन्िेर्क हो। बायतीम ऻान ऩयम्ऩया 
इसी त्रत्रिेणी सॊगभ का भागम प्रिस्त कयती है। 
सझुाव: 
1. IKS ऩय आधारयत डडजजटर कॊ टेंट (ऑनराइन कोसम, िीडडमो, ऐऩ) का विकास। 
2. स्थानीम विद्िानों, गरुुओॊ औय कायीगयों को ‘विजजद्रटॊग पैकल्टी’ के रूऩ भें िाशभर कयना। 
3. IKS िोध को UGC, ICSSR की प्राथशभकता सिूी भें यखना। 
4. िावर्मक ‘IKS शिऺा सिेऺण’ कयाना ताकक प्रगनत औय िुनौनतमों का आकरन हो सके। 
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