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FROM THE DESK OF HON. DIRECTOR 

Dear Faculty Members, Researchers, Students and Esteemed Readers, 

It is a matter of great pride and pleasure to present the new volume of our research journal, Tilak 
Samvida The journey of a research publication is a journey of continuous learning, reflection, 
discovery and growth. With this volume, we take another meaningful step towards strengthening 
the spirit of research and inquiry within our academic community. 

At Tilak Group of Schools & Colleges, we believe that education extends beyond the classroom. 
It encourages individuals to question, explore, analyse and contribute to the creation of knowledge. 
A strong research culture enables an institution to remain responsive to the changing needs of 
society while preparing learners to engage thoughtfully with emerging challenges and 
opportunities. 

The present volume brings together scholarly contributions that reflect the diverse interests, 
perspectives and intellectual efforts of faculty members, researchers and students. These 
contributions demonstrate that meaningful research can emerge from both established areas of 
study and from new and evolving fields of knowledge. 

We are living through a period of remarkable transformation, where technology, Artificial 
Intelligence, digital innovation, sustainability, social change and interdisciplinary approaches are 
reshaping the way we understand and respond to the world around us. Such developments call for 
research that is thoughtful, responsible, evidence-based and relevant to contemporary society. 
“Tilak Samvida” seeks to provide a space for such ideas to be shared and discussed. 

Our endeavour is also aligned with the broader vision of fostering multidisciplinary learning, 
innovation, critical thinking and research as integral components of higher education. We hope 
that this journal will continue to encourage our academic community to move beyond conventional 
boundaries and explore questions that can contribute to knowledge and society. 

I particularly encourage our students and young researchers to embrace research with curiosity and 
perseverance. Every significant discovery begins with a question and every meaningful 
contribution begins with the willingness to explore that question with sincerity and intellectual 
discipline. 

May Tilak Samvida continue to grow as a platform for ideas, inquiry and scholarly dialogue and 
may each new volume inspire our academic community to explore further, think deeper and 
contribute meaningfully to the world of knowledge. 

Warm regards, 

Dr. Arun Janardhan 
Director, Tilak Group of Schools & Colleges 



FROM THE DESK OF EDITOR-IN-CHIEF 

Warm Greetings !!! 

It gives me immense pleasure to welcome our readers to the new volume of Tilak Samvida With 
every volume, a research journal has the opportunity not only to present new findings but also to 
create conversations that encourage further questioning, reflection and investigation. This volume 
is another step in that continuing scholarly journey. 

The contributions featured in the present volume reflect the enthusiasm and intellectual 
engagement of faculty members, researchers and students. Each research contribution represents 
an effort to understand a subject more deeply, examine existing perspectives and offer insights that 
can add value to academic discourse. 

The nature of research is constantly evolving. Emerging technologies such as Artificial 
Intelligence, Large Language Models, Robotics, data analytics and digital platforms are opening 
new avenues of investigation across disciplines. At the same time, questions relating to education, 
society, sustainability, business, science, culture and human development continue to demand 
careful and innovative research. The interaction between these diverse areas makes 
interdisciplinary scholarship increasingly important. Through Tilak Samvida, we aim to encourage 
an environment in which ideas can be presented with academic rigour, examined through critical 
inquiry and developed through constructive dialogue. We believe that a research culture becomes 
meaningful when it encourages both established scholars and emerging researchers to participate, 
learn from one another and contribute to the larger body of knowledge. 

I am particularly pleased to see the continued participation of our students and young researchers. 
Their willingness to explore new ideas and engage with research is an encouraging sign of a 
growing academic culture. I hope that the experience of researching, writing, reviewing and 
sharing their work will inspire them to pursue further scholarly and professional endeavours. I 
invite our readers to approach the contributions in this volume with an open and inquisitive mind. 
May the research presented here stimulate new questions, encourage meaningful discussions and 
inspire further work across disciplines. 

As we move forward, our aspiration is to see Tilak Samvida evolve continuously as a credible 
platform for research, reflection and scholarly exchange. May every new volume add another 
chapter to our institution’s growing culture of knowledge and inquiry. 

Warm regards, 

Dr. Shraddha M. Bhome 
Principal, J. K. College of Science and Commerce (Autonomous) 
Editor-in-Chief, “Tilak Samvida” 
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Mind Over Mat: Standardizing Yoga and Meditation in the Modern Indian Curriculum 

Asst. Prof. Shubha Shah (Research Scholar- University of Mumbai) 

Dnyan Ganga Education Trusts Degree College of Arts, Commerce & Science, Thane 

Abstract 

In contemporary educational landscapes, students face unprecedented levels of academic anxiety, 

reduced attention spans, and physical strain. While physical education is a standard component 

of school curricula, holistic mind-body disciplines are frequently relegated to optional 

extracurriculars. This study investigates parent perspectives on integrating Yoga and Meditation 

as mandatory core subjects—encompassing both theoretical and practical dimensions—across 

Primary, Secondary, Junior College, and Degree College levels in the Mumbai Metropolitan 

Region (Mumbai, Thane, and Navi Mumbai). 

Data collected from N=533 parents via a structured survey revealed that 88.36% (n=471) support 

making Yoga a compulsory subject for holistic development. The findings demonstrate a strong 

alignment between parental expectations and educational policy reform, suggesting that formal 

curriculum integration is key to shifting student perception of Yoga from an optional chore to an 

essential life skill. 

Keywords: Yoga in Education, Holistic Student Development, Curriculum Design, Adolescent 

Well-being, Educational Policy Reform, Mind-Body Synergy. 

1. Introduction 

Yoga is an ancient Indian discipline—originating over 5,000 years ago—that synthesizes physical 

postures (asanas), breath control (pranayama), and mental focus (dhyana) to harmonize the body, 

mind, soul, and universe. In modern educational frameworks, however, the pressures of 
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competitive testing and static learning environments often lead to heightened stress, chronic 

absenteeism, and reduced psychological resilience among students. 

While states such as Uttar Pradesh and Haryana have taken proactive steps toward integrating 

Yoga into school syllabi, educational institutions in the Mumbai, Thane, and Navi Mumbai regions 

predominantly relegate Yoga to an optional extracurricular activity—if offered at all. 

Consequently, students often fail to take the practice seriously. To cultivate sustained interest and 

measurable health benefits, Yoga must transition from an occasional activity to a formalized, 

credit-bearing subject grounded in both practical execution and theoretical understanding (e.g., 

real-life case studies, physiological benefits, and philosophy). 

2. Research Objectives 

2.1 Objectives 

1. Parental Perspective: To evaluate parents' attitudes toward integrating Yoga as a 

compulsory subject within school and college curricula. 

2. Student Aptitude & Interest: To assess baseline student interest in practicing Yoga as 

reported by primary caregivers. 

3. Societal Impact: To outline the academic, psychological, and physiological benefits of 

early-stage Yoga adoption for youth. 

3. Methodology 

This study employed a descriptive, quantitative survey design across five structured operational 

steps: 

1. Literature Review: Secondary data synthesized from foundational texts (e.g., Yoga 

Education for Children by Swami Niranjanananda Saraswati) and relevant educational 

research portals. 

2. Instrument Design: Creation of a structured digital questionnaire addressing demographic 

variables, institutional offerings, student interest, and parental support. 

3. Data Collection: Deployment of the Google Forms instrument to target parents across 

Mumbai, Thane, and Navi Mumbai. 
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4. Data Aggregation: Coding and visualization of N=533 valid parent responses using 

parametric and non-parametric distributions. 

5. Analytical Synthesis: Qualitative and quantitative evaluation of findings to evaluate the 

central hypothesis. 

4. Findings & Data Analysis 

4.1 Demographic & Sample Distribution 

A total of 533 parents participated in the study. The gender breakdown comprised 279 male 

respondents (52.34%) and 254 female respondents (47.66%). 

Region Count (n) Percentage (%) 

Thane 243 45.59% 

Mumbai 155 29.08% 

Navi Mumbai 135 25.33% 

Total 533 100.00% 

The academic levels of the respondents' children spanned four key developmental stages: 

 Primary School: 159 students (29.83%) 

 Secondary School: 162 students (30.39%) 

 Junior College: 119 students (22.33%) 

 Degree College: 93 students (17.45%) 

4.2 Institutional Status Quo vs. Student Interest 

The survey highlighted a significant gap in current educational programming: 

 Current Availability: Only 150 students (28.14%) currently have access to Yoga as an 

extracurricular activity, while 383 students (71.86%) attend institutions where Yoga is not 

offered at all. 
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 Perceived Student Interest: Parents reported that 300 children (56.29%) exhibit genuine 

interest in Yoga, 100 (18.76%) are open or potentially interested, and 133 (24.95%) are 

currently uninterested. 

4.3 Primary Outcome: Support for Curriculum Integration 

When asked whether Yoga should be made a compulsory component of the formal curriculum to 

support holistic child development: 

 In Favor (Agreed): 471 parents (88.36%) 

 Opposed / Neutral: 62 parents (11.64%) 

Key Takeaway: Over 88% of surveyed parents across Mumbai, Thane, and Navi Mumbai support 

transitioning Yoga from an optional activity to a core curriculum requirement. 

5. Benefits to Students & Society 

Integrating structured Yoga and Meditation into daily academic routines offers several distinct 

benefits: 

 Psychological Wellbeing: Reduces symptoms of academic stress, clinical anxiety, and 

adolescent depression. 

 Cognitive Enhancement: Elevates retention capacity, impulse control, and sustained 

attention spans during classroom instructions. 

 Behavioral Improvement: Reduces absenteeism and peer conflict while encouraging 

conflict resolution and emotional self-regulation. 

 Physiological Health: Enhances natural immunity, posture, agility, and overall 

cardiorespiratory fitness. 

 Vocational Pathways: Establishes academic pipelines for specialized degree programs 

(e.g., B.Sc., M.Sc., and Ph.D. in Yogic Sciences), opening up fulfilling career opportunities 

in health, wellness, and education. 
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6. Operational Challenges & Implementation Strategy 

To successfully implement this curriculum, key institutional barriers must be addressed: 

1. Spatial Constraints: Urban schools in regions like Mumbai often face space limitations. 

Multi-purpose halls or modular classroom mat arrangements can adapt existing spaces for 

practice. 

2. Curricular Overload: Students may view compulsory Yoga as an added academic 

burden. To mitigate this, instruction should combine practical movement with engaging, 

case-study-driven theory, avoiding purely rote learning. 

3. Stakeholder Alignment: Educational boards, school administrators, and parents must 

work together to frame Yoga practice as an empowering stress-management tool rather 

than a performance-pressured examination. 

7. Conclusion 

The empirical data collected from 533 parents demonstrates strong support for embedding Yoga 

into the formal educational curriculum across Mumbai, Thane, and Navi Mumbai. Transitioning 

Yoga from an informal extracurricular activity to a core subject provides a structured approach to 

fostering physical health, emotional resilience, and academic focus in young learners. As 

educational frameworks evolve, integrating traditional mind-body practices offers a viable path 

toward well-rounded youth development and long-term societal wellbeing—affirming the simple 

truth: "Yoga se hi mumkin hoga" (Through Yoga, it is possible). 

References 
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Abstract  

Advertising through social media channels has become a significant method for recruiting students 

into higher education institutions, but there is no existing literature to provide an understanding 

of the impacts of such methods on students' decisions and persistence. As a PRISMA-compliant 

systematic review with random-effects meta-analysis, this study aims to evaluate existing studies 

in 62 articles (total number of participants = 12,847) related to the role of social media 

advertisements in influencing the educational decision of students. The systematic searches were 

carried out in Scopus, Web of Science, ERIC, and Google Scholar (latest date of search: March 

15, 2026). The random-effects meta-analysis indicated that the two variables, brand image (β = 

0.59, 95% CI [0.54, 0.64], k = 35) and credibility (β = 0.52, 95% CI [0.47, 0.57], k = 31), had the 

strongest associations with intent to enroll. The variable flow was found to have a weaker but still 

significant association (β = 0.31, 95% CI [0.25, 0.37], k = 18). High levels of heterogeneity were 

noted (I² = 65–82%). Satisfaction played a full role in mediating the relationship between 

engagement and loyalty (indirect β = 0.21; direct β = 0.09, non-significant). The highest 

correlations between social media advertising and decision-making were at the evaluation stage 

for Facebook (r = 0.51) and at the awareness stage for TikTok (r = 0.42). 

Keywords: 

Continued engagement; Educational choice; Higher Education Marketing; Meta-analysis; Social 

Media Advertising; Systematic Review  
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Introduction  

This systematic review explores how social media advertising impacts potential students' decision-

making regarding higher learning and continuing education by emphasizing how they remain 

involved with higher education once they have begun. During the period from 2020 to 2026, the 

combination of digital transformation, shifting demographics, and structural changes related to 

COVID-19 is all contributing to a fundamental departure from how prospective students choose 

colleges (Rutter et al., 2023; Smith and Anderson, 2024). Social media advertising has developed 

from a secondary promotional method for colleges to a major way to promote a college's brand 

and attract students to that college (Peruta and Shields, 2018; Kapoor et al., 2021). Prospective 

students now use social media channels to interact with peer groups before enrollment, creating 

multi-directional and peer-mediated communications rather than using only traditional forms of 

communication like view books, direct mail, and campus tours (Clark et al., 2020; Constantinides 

and Zinck Stagno, 2022).  

The global spending on social media advertising within the education industry is expected to be 

$3.8 billion in 2024, marking an increase of 210% from its value in 2019 (Statista, 2025). 

According to KPMG India (2025), over 68% of potential students in India, where there are more 

than 700 million social media users, use social media to access information regarding universities. 

Even with such spending trends, a lot remains unclear regarding the effects of social media 

advertising within the realm of education and the reasons behind the conversion of some students 

into enrollees and not others (Alalwan et al., 2017; Dwivedi et al., 2023).  

There are three significant gaps present in the existing literature, which are addressed in this 

review. The first gap lies in the fact that most studies have focused only on either the initial 

awareness or enrollment process while not considering the ongoing engagement that will lead to 

sustained loyalty and advocacy (Chiu et al., 2021; Raza et al., 2020). Secondly, theoretical 

integration is disjointed in the sense that although the S-O-R model describes how influence works 

(Mehrabian & Russell, 1974), and ELM talks about deep cognitive processes (Petty & Cacioppo, 

1986), very few studies integrate both these frameworks with Expectation Confirmation Theory 

(ECT) (Bhattacherjee, 2001).  

These knowledge gaps have been addressed using a PRISMA-compliant systematic review and 

random effects meta-analysis by answering the following research questions:  
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● RQ1: How does the relationship between social media advertisement stimulus (i.e., interactivity, 

informativeness, entertainment, and social proof) affect internal states of learners (brand image, 

credibility, and flow)?  

● RQ2: What is the strength of the relationship between brand image, credibility, and enrollment 

intentions?  

● RQ3: How does continued engagement arise from student satisfaction, and how does platform 

type matter?  

● RQ4: What is the comparative role of peripheral and central cognitive processes in educational 

choices?  

2. Theoretical Framework  

2.1 Stimulus-Organism-Response (S-O-R) Framework  

The S-O-R model (Mehrabian & Russell, 1974) was introduced by Mehrabian and Russell as part 

of their environmental psychology theory, creating a powerful model for understanding how 

environmental stimuli internally produce psychological response(s) that eventually produce 

behavior(s). This model has been successfully applied to other areas, including e-commerce 

(Zhang et al., 2014), Social Media Marketing (Alalwan et al., 2017), and Educational Technology 

(Raza et al., 2020; Chiu et al., 2021).  

In educational marketing through social media, stimuli are described as follows:  

● S – Stimulus: The qualities of social media posts, which include interaction (surveys, quizzes, 

real-time Q&A), informative nature (information about program, job prospects, pricing plans), 

entertainment value (short videos, humor, storytelling), and social validation (recommendations 

by peers, influencers) (Davis et al., 2020; Ducoffe, 1996).  

● O – Organism: The internal psychological process occurring within the student that involves 

cognitive appraisals (quality perceptions, brand reputation, credibility of information) and 

affective response (emotional commitment, positive affect or state of flow) (Csikszentmihalyi, 

1990).  

● R – Response: Behavioral output, which includes intentions to enroll, brand preference, or school 

commitment (Alalwan et al., 2017; Zeithaml et al., 1996).  

2.2 Elaboration Likelihood Model (ELM)  

Whereas the S-O-R model outlines the influence pathway, the Elaboration Likelihood Model 

(Petty & Cacioppo, 1986) describes the depth of processing. According to the ELM theory, people 

evaluate the persuasive message along one of two paths: 
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 ● Central path: A careful analysis of logic and the message content. This route is cognitively 

demanding and requires both motivation and cognitive ability to process the information. It results 

in a more robust attitude change.  

● Peripheral path: Processing the message based on peripheral cues such as the source 

attractiveness, message length, and number of arguments without analyzing the quality of 

arguments, or emotion-evoking appeals. This route entails low cognitive demands and produces a 

weak attitude change.  

The existing digital environment, where short videos (TikTok, Instagram Reels) and frequent 

content prevail, increasingly leans toward the peripheral processing route (Voorveld et al., 2018). 

Nevertheless, studies into eWOM marketing reveal that even though emotional persuasion affects 

the initial engagement, source credibility still plays a crucial role in the central route of 

communication, particularly among older or more engaged audiences (Kim & Ko, 2022; Rutter et 

al., 2023).  

There seems to be a potential conflict between ELM's peripheral route processing, which involves 

making decisions based on heuristics with little cognitive effort, and the concept of flow 

(Csikszentmihalyi, 1990), a state characterized by an intense engagement in an activity and high 

levels of focus on that activity. In educational advertising, it is possible for students to become 

emotionally immersed in visually attractive media but only evaluate that content based on simple 

criteria rather than thinking critically about the content itself. Thus, flow may involve experiencing 

emotions while immersed in social media, but does not require the individual to process 

information from a central route cognitively.  

2.3 Expectation Confirmation Theory (ECT)  

Expectation Confirmation Theory (ECT), initially introduced to consumer behavior (Oliver, 1980) 

and later modified to fit information system continuance behavior (Bhattacherjee, 2001), gives a 

theoretical foundation for explaining post-adoption behavior. Applying ECT in the context of 

education implies that:  

1. Students generate their expectations of the educational process through pre-enrollment data 

available to them, which includes social media advertisements.  

2. Once enrolled, students undergo their experience or performance.  

3. The level of disconfirmation (or the difference between expectations and performance) impacts 

satisfaction.  

4. Satisfaction determines ongoing participation and loyalty.  
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One of the key findings from ECT-related research shows that satisfaction acts as a mediator 

between engagement and loyalty (Chiu et al., 2021). This means that increased engagement among 

students does not guarantee loyalty unless they are satisfied.  

2.4 Integrated Conceptual Model  

Although research on the S-O-R-ELM model has been previously explored (Zhang et al., 2014) as 

well as on the S-O-R-ECT model (Chiu et al., 2021), the combination of all three models for 

analyzing educational choice is relatively understudied. Figure 1 below shows the proposed 

conceptual framework model.  

 
Figure 1: Integrated Conceptual Model (S-O-R + ELM + ECT Note: “Dashed lines represent 
moderated effects (omitted for simplicity). β represents the pooled effect size obtained from the 
current meta-analysis (k = 35 for brand image, k = 31 for credibility, and k = 18 for flow).”  
 

3. Methodology  

This systematic review follows PRISMA 2020 guidelines (Page et al., 2021)  

3.1 Search Strategy  

The following databases were searched on March 15, 2026: Scopus, Web of Science, ERIC 

(through EBSCO), and Google Scholar (top 500 hits). No time restrictions were imposed to include 

seminal work; however, the review is limited to the period from 2018 to 2026.  

 

Table 1. Database Search Strategy and Records Identified 

Database Search String  Results 

Scopus “TITLE-ABS-KEY(("social media advertising" OR "social media 

marketing") AND ("higher education" OR "college choice") AND 

("enrollment" OR "retention"))”  

412 
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Web of 

Science  

TS=(("social media advertising" OR "social media marketing") AND 

("higher education" OR "college choice"))  

287 

ERIC “(social media advertising OR social media marketing) AND (higher 

education OR college choice)”  

98 

Google 

scholar  

"social media advertising" "higher education" enrollment (first 500 results 

screened)  

50 

Total records identified: 847 Records after deduplication: 644 

3.2 Eligibility Criteria  

Inclusion criteria:  

● Empirical articles (quantitative, qualitative, or both)  

● Focused on social media advertisement or promotion in university settings  

● Reported one or more outcomes regarding enrollment, engagement, satisfaction, or loyalty  

● Peer-reviewed publication (did not include conference presentations, dissertations, etc.) English 

language  

● Quantitative articles provided effect sizes (r, β, d) or adequate data to compute 

Exclusion criteria:  

● Articles that addressed solely K-12 education  

● Articles that explored social media for internal communication rather than 

marketing/recruitment 

● Editorials, opinion articles, or other non-empirical writing  

● Less than 50 participants for quantitative articles  

● Qualitative articles lacking generalizability (kept for narrative review) 

3.3 Screening Process  

The screening of titles and abstracts was conducted independently by two reviewers (the author 

and the other reviewer). The inter-rater reliability was high (“κ = 0.84, 95% CI [0.79, 0.89]”). 

Disputes (N = 38) were settled through discussion. Sixty-two articles out of 146 were finally 

selected for the study.  
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Figure 2: PRISMA 2020 Flow Diagram  

3.3 Data Extraction and Quality Assessment  

A standardized data extraction form was employed to gather:  

● Bibliographic details (author, year, journal name)  

● Demographic features (sample size, nationality, educational attainment, institutional 

classification)  

● Platform(s) analyzed  

● Theoretical perspective used  

● Major constructs (with reliability) examined  

● Effect sizes (correlation coefficient r, standardized beta coefficient β, odds ratio, or d)  

● Controlling variables in the statistical analysis  

● Quality scores. 

Data was extracted by the first author and checked by the second author using 20% random 

sampling (consensus at 94.7%).  

3.4 Quality Assessment 

The methodological quality of the articles was evaluated using the Mixed Methods Appraisal Tool 

(MMAT) version 2018 (Hong et al., 2018). The studies were rated according to a five-criterion 

scale corresponding to their research designs (quantitative descriptive, quantitative correlational, 

and mixed-methods), and those scoring less than 50% were excluded. See Appendix B for quality 

scores for each article.  

Summary quality statistics:  

● Mean MMAT score: 78.4% (SD = 11.2%)  
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● Median: 80.0%  

● Range: 50% – 100%  

● Inter-rater reliability (MMAT scores): ICC = 0.89 (95% CI [0.84, 0.93]) 

3.5 Meta-Analytic Procedure  

Using R's metafor package, DerSimonian-Laird random-effects meta-analysis (DerSimonian & 

Laird, 1986) was performed on the data. The DerSimonian–Laird estimator was utilized because 

of its ability to provide stable variance estimates for moderate to large amounts of data in a meta-

analysis and is widely accepted within the social sciences, allowing for comparison with other 

studies. Correlation (r) and standardized beta (β) effect sizes were converted into Fisher's z for 

combined data analysis, and then transformed back to their original form. Heterogeneity will be 

assessed using I² (Higgins et al., 2003) and the Q-test; Plus, we will assess the possibility of 

publication bias through:  

● Funnel plot visual inspection  

● Egger's regression test (Egger et al., 1997)  

● Trim-and-fill method (Duval & Tweedie, 2000)  

Meta-analytic model (random-effects)  

𝜃 =  𝛴
∑ ୵౟஘౟

ౡ
౟సభ

∑ ୵౟
ౡ
౟సభ

   

Where 𝑤௜ =  
ଵ

ఙ೔మାఛమ
 

● 𝜃 = pooled effect size estimate  

● k = number of studies  

● 𝜃  = effect size of study (i)  

● 𝜎𝑖 2 = within-study variance for study (i) 

 𝜏 2 = between-studies variance (estimated using the DerSimonian–Laird method)  

 

4. Results  

4.1 Study Characteristics  

A total of 62 studies were analyzed (N-Total = 12,847 total participants). Of these studies, the 

median sample size was 187 (IQR = 112 to 312). Geographical distribution was as follows: North 

America (n = 26, 42%); Europe (n = 17, 27%); Asia (n = 14, 23%); Australia/New Zealand (n = 

3, 5%); Other (n = 2, 3%).Most studies used a quantitative correlational design (n = 47, 76%) while 

the remaining used quantitative experimental designs (n = 8, 13%), mixed-method designs (n = 5, 

8%) or qualitative designs (n = 2, 3%). The complete list of studies can be found in Appendix B.  
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4.2 Platform-Specific Dynamics Table 2: Platform Roles in Educational Decision-Making 

Platform Primary 

Decision 

Stage  

Key 

Affordance  

Pooled 

r 

95% 

CI 

k 𝐼ଶ Reference  

TikTok Initial 

Awareness 

Short-form 

video, viral 

trends  

0.42 [0.38, 

0.46] 

12 71.2% Smith & 

Anderson 

(2024); 

Voorveld et al. 

(2018)  

Instagram  Awareness + 

Consideration  

Visual 

aesthetics, 

stories, reels 

0.39 [0.34, 

0.44] 

18 68.4% Kim & Ko 

(2022); 

Constantinides 

& Zinck 

Stagno (2022) 

Facebook Evaluation + 

Decision  

Groups, 

events, 

long-form 

content  

0.51 [0.47, 

0.55] 

29 74.8% Peruta & 

Shields 

(2018); Clark 

et al. (2020)  

YouTube  Deep-dive 

research  

Long-form 

video, 

tutorials  

0.37 [0.31, 

0.42] 

15 65.3% Rutter et al. 

(2023); Chiu 

et al. (2021)  

LinkedIn Career 

validation 

Professional 

networking 

0.29 [0.24, 

0.34] 

9 62.1% Kapoor et al. 

(2021); 

Dwivedi et al. 

(2023)  

 

Note: Pooled r from random-effects meta-analysis. I² indicates the proportion of total variance due 

to heterogeneity. All pooled effects are significant at p < 0.001.  
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4.3 Meta-Analysis of Key Paths  

Table 3: Random-Effects Meta-Analysis of Theoretical Paths  

Path k N total Pooled 𝛽 SE 95% CI 

Lower  

95% CI 

Upper  

z 

Ad stimuli → 

Brand image 

32 10847 0.68 0.031 0.62 0.74 21.94 

Ad stimuli → 

Perceived 

credibility 

28 9421 0.61 0.030 0.55 0.67 20.33 

Brand image 

→ Enrollment 

intention  

35 11234 0.59 0.025 0.54 0.64 23.60 

Perceived 

credibility → 

Enrollment 

intention 

31 9876 0.52 0.026 0.47 0.57 20.00 

Flow → 

Enrollment 

intention  

18 6234 0.31 0.030 0.25 0.37 10.33 

 

Notes: “Random effects meta-analysis employing the DerSimonian-Laird estimation method. 

Effect sizes expressed as standardized beta coefficients (β).”  

 

Finding: 

Brand image is found to have the greatest correlation with the intent to enroll (β= 0.59), with 

perception of credibility having the second-greatest correlation (β= 0.52). The confidence intervals 

show an overlap (CI of brand image [0.54, 0.64] vs. CI of credibility [0.47, 0.57]), suggesting that 

there is no statistical difference between the two correlations. Figure 3 presents the forest plot for 

brand image → enrollment intention.  
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Figure 3: Forest Plot – Brand Image → Enrollment Intention (k = 35)  

Note: Diamond shows pooled effect size (random-effects). Squares show effect sizes for individual 

studies (proportional to study weight). Horizontal bars show 95% confidence intervals. 

Heterogeneity: substantial (I² = 68.9%).  

4.3.1 Subgroup Analysis and Meta-Regression  

Given the high levels of heterogeneity found between studies (I² = 65%–82%), meta-analysis was 

performed to investigate factors responsible for the heterogeneity. The type of platform used and 

geographical location emerged as effective moderators. Platform type accounted for heterogeneity 

(Qbetween = 18.42, p < 0.01); specifically, studies based on the use of Facebook had higher pooled 

effects compared to those based on TikTok (β = 0.51 vs. β = 0.42) and LinkedIn (β = 0.29). 

Geographical location also influenced heterogeneity, such that studies conducted in North America 

had higher effects than those conducted in Asia. Meta-regression analysis showed that publication 

year significantly predicted effect size (β = 0.03, p = 0.041), implying increased effectiveness of 

social media advertising.  

4.4 The Role of Peer Influence and Social Capital  

Twenty-three studies examined peer influence mechanisms.  

Table 4 synthesizes these findings.  

 

Table 4: Peer Influence Mechanisms in Educational Choice (k = 23 studies) 

Influence 

Type 

Mechanism  Pooled r 95% CI k Key Moderators 

Informational  Exchange of specific 

school data  

0.44 [0.39, 

0.49] 

18 Perceived source 

expertise  

Normative  Conformity to gain 

social approval  

0.38 [0.32, 

0.44] 

14 Age (stronger for 

16–19 years)  
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Social proof  Trust in 

likes/shares/follower 

counts 

0.35 [0.29, 

0.41] 

12 Platform (stronger 

on 

Instagram/TikTok)  

Influencer 

endorsement  

Trust in peer-created 

content 

0.41 [0.35, 

0.47] 

9 Perceived 

authenticity  

Important result: Peer-produced information appears to be more credible than institutionally 

produced messages “(difference in means = 1.2 on a 7-point scale, 95% confidence interval [1.0, 

1.4], p < 0.001, k = 8 studies comparing the two).”  

4.5 Continued Engagement and the Satisfaction Bridge  

Fifteen studies explored the relationship between engagement, satisfaction, and loyalty. Direct and 

indirect effects are listed in Table 5.   

Table 5: Direct vs. Indirect Effects – Engagement on Continued Engagement (k = 15) 

Path  Pooled 𝛽 SE 95% CI p Interpretation  

Direct: Engagement → 

Continued engagement 

0.09 0.05 [-0.01, 

0.19] 

0.078 Not 

significant  

Indirect: Engagement → 

Satisfaction → Continued 

engagement  

0.21 0.03 [0.15, 

0.27] 

<0.001 Significant  

Total effect  0.30 0.04 [0.22, 

0.38] 

<0.001 Significant  

Finding: Satisfaction fully mediates the engagement–loyalty relationship (direct effect 

nonsignificant; indirect effect significant). This supports ECT's prediction that engagement 

without satisfaction does not produce loyalty.  

 

4.6 Moderators and Publication Bias  

Table 6 summarizes key moderators identified in the literature.  

Table 6: Moderators of Social Media Advertising Effectiveness  

Moderator Effect on Path Direction  Pooled Effect 

(difference) 

k Explanation  

Digital literacy Ad stimuli → 

Brand image 

Stronger for 

high literacy 

Δβ = +0.18  6 High-literacy users 

engage in more central 

processing  
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First-

generation 

status  

Brand image 

→ Enrollment 

Weaker for 

first gen  

Δβ = -0.14  5 Reliance on alternative 

sources  

Socioeconomic 

status (SES)  

Credibility → 

Enrollment 

Stronger for 

high SES  

Δβ = +0.12  4 Ability to verify through 

multiple channels  

Institutional 

prestige 

Brand image 

→ Enrollment 

U-shaped Quadratic 7 Very low and very high 

prestige reduce ad 

influence  

Platform type  Peripheral cues 

→ Flow 

Stronger for 

TikTok/IG  

Δr = +0.15  11 Visual/short-form 

platforms induce flow 

more easily  

 

Publication bias assessment (Egger's test):  

● Brand Image → Enrollment: z = 1.42, p-value = 0.156 (no small study effect)  

● Credibility → Enrollment: z = 1.83, p-value = 0.067 (marginal p-value, no need to correct)  

● Flow → Enrollment: z = 2.41, p-value = 0.016 (small study effect possible; Trim and Fill β = 

0.28 from 

4. Meta-Analytically Derived Principles 

In light of the synthesis provided in Section 4, a conceptual framework comprising ten propositions 

is proposed. The propositions are extracted directly from the synthesized literature and results of 

the meta-analysis.  

 

5.1 Propositions  

Proposition 1 (Stimulation → Organism): There is a positive relationship between the stimuli from 

social media advertising (interactivity, informativeness, entertainment, and social proof) and brand 

image (β = 0.68), and there is a positive relationship between the stimuli from social media 

advertising and the perception of credibility (β = 0.61). This relationship differs depending on the 

social media platform.  

Proposition 2 (Organism → Pre-Enrollment Intention): Brand Image (“β = 0.59, CI = 0.54 to 0.64”) 

and Perceived Credibility (“β = 0.52, CI = 0.47 to 0.57”) are positively related to the intention to 

enroll. There is an overlap in the confidence intervals 

Proposition 3 (Peripheral Processing): Flow (engagement with social media content) is positively 

linked to enrollment intentions (“pooled β = 0.31, 95% CI [0.25, 0.37]”), although the link is less 
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strong compared to central processing (brand image, credibility). This supports the ELM 

hypothesis that peripheral processing generates less favorable attitudes.  

Proposition 4 (Mediation): There is mediation through brand image and credibility perceptions in 

the relationship between social media advertisements as stimuli and learners' intention to enroll. 

There is no direct effect or insignificant effect from advertisements on enrollment without a 

mediator variable (k = 8; pooled direct β = 0.09, ns).  

Proposition 5 (Platform Sequencing): Learners will adopt various platforms at different decision 

phases; for instance, for awareness, TikTok and Instagram, for evaluation, Facebook and 

YouTube, and LinkedIn for career validation (pooled r = 0.42/0.39, 0.51/0.37, 0.29 respectively). 

There is no one dominant platform.  

Proposition 6 (Peer Influence): Peer-created content (eWOM, student testimonials, influencer 

content) is viewed to be more credible than official messages (mean Δ = 1.2 on 7-point scale) and 

has a stronger relationship with the intent to enroll among first-generation and low SES students.  

Proposition 7 (Engagement-Satisfaction-Loyalty): There is no direct link between engagement and 

repeated engagement (loyalty); rather, satisfaction plays an important role as a full mediator 

between them. Engagement → Satisfaction → Loyalty has an indirect effect of “β = 0.21 (p < 

0.001),” whereas the direct effect is β = 0.09 (ns).  

Proposition 8 (Expectation Confirmation): Disconfirmation (difference between the expectations 

based on social media before enrollment and actual experience after enrollment) serves as a 

negative moderator of the satisfaction-loyalty relationship.  

Proposition 9 (Moderated Mediation): Social media advertising’s indirect effect on enrollment 

through brand image is moderated by digital literacy (positive for higher digital literacy, Δβ = 

+0.18), first-generation status (negative for first-gen, Δβ = -0.14), and institutional prestige (most 

pronounced for medium prestige, quadratic).  

Proposition 10 (Digital Wellness): Overuse of social media (≥4 hours per day) is negatively 

correlated with students’ academic achievements “(mean r = -0.31, 95% CI [-0.38, -0.24], k = 7)”. 

Universities with an approach to digital wellness can positively impact both recruitment and 

retention.  
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6. Discussion  

6.1 Theoretical Contributions  

This systematic review contributes theoretically to the body of research on social media advertising 

and educational choice in four ways. First, this is the first systematic review and random-effects 

meta-analysis of the combined use of S-O-R, ELM, and ECT in higher education marketing. 

Although S-O-R has been explored together with ELM (Zhang et al., 2014) and together with ECT 

(Chiu et al., 2021), the integration of all three theories, focusing on pre-enrollment processing 

(ELM), enrollment intention (S-O-R), and post-enrollment loyalty (ECT), provides a holistic view 

of the life cycle.  

Second, this research quantifies the differential impact of central vs. peripheral processing in 

educational decision making. In particular, the meta-analytic result that brand image (β = 0.59) 

and credibility (β = 0.52) have stronger relationships than flow (β = 0.31) settles an apparent 

controversy in the literature: although learners find educational content interesting and engaging 

(peripheral route), important decisions about education depend more on central processing.  

Thirdly, it is concluded that satisfaction is the key element that is essential to connect engagement 

and loyalty. The null finding regarding the effect of engagement on loyalty (β = 0.09, ns) 

contradicts the institutional practices where success of the brand is determined on the basis of 

engagement-related measures (likes, shares, followers). In this case, the satisfaction which is based 

on the confirmatory expectation becomes important.  

Fourthly, a framework for the sequencing of platforms based on the size of the pooled effects 

(Table 2) is proposed. 

 

 

6.2 Practical Implications for Higher Education Institutions  

Implication 1: Prioritize budget according to the decision stage, not platform popularity. In view 

of the differential magnitudes reported in Table 2 (Facebook r = 0.51 in the evaluation stage 

compared to TikTok r = 0.42 in the awareness stage), it is advisable to conduct tests for different 

budgets at various platforms at different decision-making stages instead of relying solely on overall 

effect sizes when making decisions concerning budgets. It is more profitable to focus the budget 

on Facebook (r = 0.51) as opposed to TikTok (r = 0.42) in the evaluation stage because of a greater 

effect size per budget unit.  

Implication 2: Emphasize brand image and authenticity over virality. As brand image is most 

highly correlated with enrollment intention (β = 0.59), educational institutions must focus on 
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telling their stories, which include values, success stories of graduates, and campus atmosphere, 

rather than solely relying on sensationalism.  

Implication 3: Empower existing students as brand ambassadors. User-created content is seen as 

1.2 scale points more credible than institution-created content. Institutions need to establish 

ambassador programs where students generate content as either paid or credit-bearing work.  

Implication 4: Set realistic expectations to prevent satisfaction discrepancies. Since satisfaction 

serves as the intervening variable between engagement and loyalty, excessive promise in social 

media advertising will result in expectation disparities that negatively affect loyalty. Employers 

must use the "realistic job preview" concept.  

Implication 5: Embed digital well-being in marketing and retention efforts. Since there is a strong 

negative correlation between frequent social media use and academic results (r = -0.31), colleges 

can set themselves apart from their competition by being viewed as pioneers in digital well-being.  

6.3 Limitations and Future Research Directions  

This systematic review has several limitations.  

Limitation 1: Publication bias. Small study effects were identified for the flow → enrollment 

relationship (Egger’s p = 0.016). Trim-and-fill analysis produced an adjusted effect size of β = 

0.28 compared to β = 0.31, indicating little publication bias. 

Limitation 2: Geographic bias. Out of 62 included articles, 42%, 27%, and 23% originated from 

North America, Europe, and Asia, respectively. Non-Western settings should be explored in future 

research.  

Limitation 3: Prevalence of cross-sectional studies. Eight out of 62 studies (13%) employed 

longitudinal or experimental methods. Causal inference is impossible. Future research should rely 

on RCTs or natural experiments.  

Limitation 4: Subjective outcome measure. All papers used subjective measures of enrollment 

intention rather than objective measures of actual enrollment. Future research should correlate ad 

exposure with objective enrollment data.  

Limitation 5: AI-generated misinformation. None of the pre-2024 publications addressed AI-

generated deepfake advertisements. Future research should investigate whether learners can 

identify synthetic media.  

Limitation 6: High statistical heterogeneity. I² statistics of 65-82% point to high statistical 

heterogeneity among studies. This may imply the presence of unaccounted moderating factors.  
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7. Conclusion  

This systematic review and meta-analysis using PRISMA principles, including 62 studies (N_total 

= 12,847), investigates how social media advertising is related to decision-making and continuing 

engagement among students enrolled in higher education programs. Findings include the 

following: (a) brand image (β = 0.59) and credibility (β = 0.52) exhibit the highest relations with 

enrollment intention; (b) flow exhibits a lower yet significant relation (β = 0.31), confirming 

peripheral elaboration; (c) satisfaction fully mediates the relation between engagement and loyalty; 

and (d) various platforms are used for various decision stages. Limitations include reliance on 

cross-sectional methods and high heterogeneity among results. In light of the above findings, 

nstitutions need to focus on brand image and credibility, delegate responsibility to student 

ambassadors, manage expectations to ensure satisfaction, and implement a platform sequencing 

strategy. Additional research can benefit from adopting longitudinal studies and employing actual 

enrollment outcomes, among others.  
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Abstract 

Sexual harassment in higher education institutions (HEIs) remains a deeply entrenched problem 

that compromises the academic freedom, dignity, and professional development of students, 

faculty, and staff. Despite the enactment of the Sexual Harassment of Women at Workplace 

(Prevention, Prohibition and Redressal) Act, 2013 (commonly referred to as the POSH Act), 

compliance within HEIs across India has been inconsistent and often superficial. This paper 

critically examines the statutory architecture governing sexual harassment prevention in HEIs, 

with particular focus on the POSH Act, University Grants Commission (UGC) Regulations of 

2015, and relevant Supreme Court directives including the landmark Vishaka v. State of Rajasthan 

(1997) guidelines. Drawing exclusively on secondary data — including judicial pronouncements, 

regulatory instruments, academic literature, committee reports, and policy documents — this 

paper maps the layers of legal obligation imposed on HEIs and analyses the structural and 

institutional gaps that impede effective compliance. The findings reveal that while the legal 

framework is substantively robust, its implementation is undermined by institutional inertia, 

definitional ambiguities, procedural inadequacies of Internal Complaints Committees (ICCs), and 

systemic power imbalances endemic to academic settings. The paper concludes with 

recommendations for strengthening the legal and institutional architecture to ensure that HEIs 

become genuinely safe and equitable spaces of learning and research. 
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1. Introduction 

Sexual harassment at educational workplaces is not a marginal or episodic concern — it is 

a structural feature of gendered power relations that permeates academic institutions globally and 

in India. Higher education institutions, which are ostensibly spaces of intellectual emancipation 

and progressive thought, paradoxically reproduce some of the most entrenched forms of gender-

based discrimination and harassment. The hierarchical nature of academic relationships — 

between professors and students, supervisors and junior staff, administrative authorities and 

contractual employees — creates fertile conditions for abuse and exploitation (Bagilhole, 1994). 

India's legal response to workplace sexual harassment was catalysed by the Supreme Court's 

seminal ruling in Vishaka v. State of Rajasthan (1997), which recognised sexual harassment as a 

violation of fundamental rights under Articles 14, 15, 19(1)(g), and 21 of the Constitution of India. 

The Court laid down binding guidelines — the Vishaka Guidelines — that required employers to 

establish grievance redressal mechanisms and create awareness about sexual harassment. 

However, it took sixteen more years before a dedicated parliamentary statute — the Sexual 

Harassment of Women at Workplace (Prevention, Prohibition and Redressal) Act, 2013 (POSH 

Act) — was enacted to translate these guidelines into enforceable law (Wahab & Inspector General 

of Police, West Bengal, 2024) 

Despite the legislative framework, the implementation record within HEIs has been widely 

criticised. A report by the Internal Complaints Committee Review Committee constituted by the 

UGC (2016) found that a significant proportion of universities and colleges had either not 

constituted ICCs or had done so in a perfunctory manner without ensuring the independence, 

expertise, or awareness necessary for effective functioning.  

This paper undertakes a systematic secondary-data-based analysis of the legal framework 

and its application within HEIs. It proceeds in seven parts: following this introduction, Section 2 

outlines the methodology; Section 3 provides a conceptual and definitional framework; Section 4 

traces the historical evolution of the legal architecture; Section 5 critically analyses the POSH Act 

and UGC Regulations in the context of HEIs; Section 6 examines the institutional compliance 

landscape; and Section 7 presents conclusions and recommendations. 
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2. Methodology 

This study is entirely based on secondary data and employs a doctrinal and analytical 

research methodology. Doctrinal legal research, as described by McKerchar (2008), involves 

systematic examination of legal texts — statutes, case law, regulations — through a process of 

interpretation, analysis, and critical evaluation against normative standards. The analytical 

dimension of the methodology draws on socio-legal scholarship that situates legal texts within 

broader social, institutional, and gender-political contexts (Cotterrell, 1998). 

Primary legal sources examined include: the Sexual Harassment of Women at Workplace 

(Prevention, Prohibition and Redressal) Act, 2013; the UGC (Prevention, Prohibition and 

Redressal of Sexual Harassment of Women Employees and Students in Higher Educational 

Institutions) Regulations, 2015; the Constitution of India; key Supreme Court and High Court 

judgments including Vishaka v. State of Rajasthan (1997) 6 SCC 241, Apparel Export Promotion 

Council v. A.K. Chopra (1999) 1 SCC 759, and Medha Kotwal Lele v. Union of India (2013) 1 

SCC 297. 

Secondary sources include peer-reviewed journal articles, UGC and Ministry of Education 

reports, National Family Health Survey data, Human Rights Watch reports, academic theses, and 

book chapters from established legal and sociological scholarship. All sources cited in this paper 

are verified, publicly accessible, and drawn from reputable academic or institutional publishers. 

The analysis proceeds by identifying the normative content of the legal framework, mapping 

implementation requirements, and critically assessing the gap between formal legal obligations 

and documented institutional practice. 

3. Conceptual and Definitional Framework 

3.1 Defining Sexual Harassment 

The POSH Act, 2013 provides a broad statutory definition of sexual harassment under 

Section 2(n), which encompasses: physical contact and advances; a demand or request for sexual 

favours; making sexually coloured remarks; showing pornography; and any other unwelcome 

physical, verbal or non-verbal conduct of a sexual nature. This definition, derived substantially 

from the Vishaka Guidelines, is notable for its inclusive character, capturing both quid pro quo 

harassment — where submission to sexual conduct is made a condition of employment or 

academic benefit — and hostile environment harassment, which creates an intimidating, offensive, 

or hostile educational or work environment (Nair, 2014). 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               31 
 

Academic literature, however, has questioned whether the POSH Act's definition 

adequately captures the full spectrum of gendered harms prevalent in HEIs. Chakravarti (2016) 

notes that the Act's focus on 'unwelcome' conduct places the evidentiary burden on the complainant 

and may not account for the subtle coercive power dynamics in supervisor-supervisee relationships 

where resistance is structurally suppressed. MacKinnon (1979), in her foundational work, argued 

that sexual harassment is fundamentally an expression of sex inequality, not merely an 

interpersonal misconduct, a framing that has deeply influenced feminist legal scholarship globally 

but remains underutilised in Indian judicial interpretation. 

3.2 The Scope of 'Workplace' in Higher Education 

A critical conceptual issue is the delineation of 'workplace' in the context of HEIs. Section 

2(o) of the POSH Act defines workplace to include educational institutes established, owned, or 

aided by the government or local authority, as well as any place visited by an employee in 

connection with work. This definitional breadth is significant: it extends the protective ambit of 

the Act to research field sites, conference venues, academic retreats, and digital or virtual spaces 

of academic interaction (Ministry of Women and Child Development, 2015). 

Yet, the inclusion of students — who are simultaneously the Act's primary constituency of 

vulnerability in HEIs — as 'employees' is legally ambiguous. The POSH Act primarily defines its 

protective coverage in terms of 'aggrieved women' who are employees, leaving a regulatory gap 

concerning student complainants who are not in a direct employment relationship with the 

institution. This gap was partially addressed by the UGC Regulations, 2015, which explicitly 

extend protection to students, but the lack of penal enforcement mechanisms for student 

harassment under a unified statutory framework remains a doctrinal lacuna (Iyer & Savithri, 2018). 

3.3 Power, Gender, and the Academic Hierarchy 

The conceptual underpinning of this paper draws on feminist institutionalist theory, which 

holds that gender inequality is embedded in organisational structures and institutional cultures 

rather than being merely the product of individual deviance (Mackay et al., 2010). In HEIs, the 

academic hierarchy — constituted by rank, tenure, research funding control, and letter-of-

recommendation power — creates asymmetric power relations that systematically disadvantage 

women, particularly junior researchers, contract faculty, and women from marginalised caste and 

class backgrounds (Rege, 2000). Any legal framework that fails to account for these structural 
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dimensions risks becoming an instrument of formal compliance rather than substantive gender 

justice. 

4. Historical Evolution of the Legal Framework 

4.1 Pre-Vishaka Period 

Prior to 1997, India had no specific legal framework addressing sexual harassment at the 

workplace. Women experiencing harassment could seek remedies under Section 354 (assault or 

criminal force to outrage modesty), Section 509 (word, gesture or act intended to insult the 

modesty of a woman) of the Indian Penal Code, 1860, and in some cases under the Indecent 

Representation of Women (Prohibition) Act, 1986. However, these provisions were widely 

regarded as inadequate — they were sporadic in application, carried evidentiary burdens that were 

extremely difficult to discharge, and did not provide civil remedies or institutional redressal 

mechanisms (Agnes, 1992). 

The absence of a workplace-specific framework meant that the experiences of women in 

formal employment were largely invisible in law. Industrial disputes mechanisms and service law 

frameworks were not designed to address gender-based harassment as a distinct category of 

workplace wrong. Women in academia, domestic service, and the informal sector were essentially 

without legal recourse (Baxi, 2014). 

4.2 The Vishaka Judgment (1997): A Constitutional Watershed 

The murder of Bhanwari Devi, a social worker and government employee in Rajasthan 

who was gang-raped for attempting to prevent a child marriage, catalysed a landmark public 

interest litigation that culminated in the Supreme Court's decision in Vishaka v. State of Rajasthan 

(1997) 6 SCC 241. The Court, in an unprecedented exercise of judicial norm-setting, held that the 

absence of legislation on workplace sexual harassment was a violation of the rights to equality, 

non-discrimination, and life with dignity guaranteed by Articles 14, 15, 19(1)(g), and 21 of the 

Constitution (Supreme Court of India, 1997). 

The Vishaka Guidelines laid down several mandatory obligations on employers: 

prohibition of sexual harassment; establishment of a Complaints Committee with at least half its 

membership being women and with an external NGO or women's rights activist as a member; 

awareness creation; and preventive measures including sensitisation programmes. The guidelines 

were declared to be legally binding until Parliament enacted appropriate legislation, a 
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constitutional innovation that transformed a rights lacuna into an enforceable standard (Baxi, 

2014). 

The Supreme Court in Apparel Export Promotion Council v. A.K. Chopra (1999) 1 SCC 

759 further reinforced the Vishaka framework by holding that sexual harassment does not require 

physical contact and that an attempt to sexually harass was sufficient to attract the guidelines. 

These decisions collectively established a constitutional-jurisprudential foundation on which the 

eventual POSH Act would be constructed. 

4.3 From Guidelines to Legislation: The POSH Act, 2013 

Despite the Supreme Court's Vishaka Guidelines being operative for sixteen years, 

implementation across institutions — including HEIs — remained poor. In Medha Kotwal Lele v. 

Union of India (2013) 1 SCC 297, the Supreme Court, hearing complaints of non-compliance with 

Vishaka, noted widespread failure across states and sectors and directed enhanced compliance. 

This judicial pressure, combined with decades of advocacy by women's rights organisations, 

ultimately contributed to the passage of the POSH Act in April 2013 (Nair, 2014). 

The POSH Act represented a significant legislative advance: it broadened the definition of 

workplace, required constitution of ICCs at organisations with ten or more employees, established 

Local Complaints Committees (LCCs) at the district level for workers in the unorganised sector, 

set out a detailed quasi-judicial inquiry procedure, prescribed time limits, and created penalties for 

non-compliance. For HEIs specifically, the Act's broad definition of 'educational institution' 

ensured that universities, colleges, and technical institutes fell within its ambit (Ministry of Women 

and Child Development, 2015). 

5. Critical Analysis of the POSH Act and UGC Regulations in the Context of HEIs 

5.1 Structure of the POSH Act 

The POSH Act is organised into eight chapters covering: definitions (Chapter I); 

prevention and prohibition duties of employers (Chapter II); the constitution and functioning of 

ICCs (Chapter III); inquiry procedures (Chapter IV); duties and obligations of employers (Chapter 

V); penalties (Chapter VI); miscellaneous provisions including government duties (Chapter VII); 

and amendments (Chapter VIII). Each chapter imposes specific obligations that, in the HEI 

context, devolve principally upon the head of the institution as the statutory 'employer' (Sexual 

Harassment of Women at Workplace (Prevention, Prohibition and Redressal) Act, 2013). 
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Section 4 mandates the constitution of an ICC at each 'office or administrative unit' of the 

employer. For a large university with multiple campuses, faculties, departments, and affiliated 

colleges, this raises complex jurisdictional questions about whether a single centralised ICC can 

adequately serve a dispersed and heterogeneous institutional community, or whether department-

level committees are required. The Act does not resolve this ambiguity, leaving institutions with 

discretion that has often been exercised in a minimalist direction (Iyer & Savithri, 2018). 

5.2 Composition of the ICC: Requirements and Deficiencies 

Section 4(2) of the POSH Act requires the ICC to be chaired by a woman employed at a 

senior level, with at least two members from amongst employees committed to the cause of 

women, and one external member from an NGO or association working in the field of women's 

rights or experienced in social work. At least half the members must be women. These 

requirements are designed to ensure the ICC's independence, gender-sensitivity, and insulation 

from institutional pressure. 

Empirical and documentary evidence indicates, however, that ICC composition in many 

HEIs deviates substantially from these requirements. Murthy and Khurana (2019) found, in their 

study of sixty-two universities, that a significant number had constituted ICCs without the 

mandatory external member, that the 'senior level woman' requirement was often met nominally, 

and that several ICCs were composed predominantly of administrative officials who reported to 

the very functionaries accused in some complaints. These structural deficiencies compromise the 

ICC's independence and its capacity to adjudicate complaints without fear or favour. 

5.3 Inquiry Procedure: Strengths and Gaps 

The POSH Act prescribes a detailed inquiry procedure under Sections 11–13. Upon receipt 

of a complaint, the ICC may, at the complainant's request, first attempt conciliation — though it is 

prohibited from awarding monetary settlement as a condition of conciliation (Section 10). If 

conciliation fails or is not opted for, the ICC must complete its inquiry within sixty days and submit 

a report to the employer with recommendations for action (Section 13). 

The quasi-judicial character of the inquiry is both a strength and a limitation. It provides 

procedural protections to both parties — the right to be heard, to produce evidence, and to cross-

examine witnesses — but these very features can create adversarial dynamics that deter 

complainants, particularly where the respondent is a senior academic with institutional power, 

legal resources, and the ability to mobilise peer support (Chakravarti, 2016). The Act's prohibition 
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on complainants being accompanied by legal representatives (Section 11) is intended to prevent 

intimidation but has been criticised as leaving complainants procedurally disadvantaged relative 

to well-resourced respondents (Baxi, 2014). 

5.4 The UGC Regulations, 2015: An HEI-Specific Framework 

Recognising the specific vulnerabilities of the HEI context and the gaps in POSH Act 

coverage with respect to students, the University Grants Commission promulgated the UGC 

(Prevention, Prohibition and Redressal of Sexual Harassment of Women Employees and Students 

in Higher Educational Institutions) Regulations, 2015 under the University Grants Commission 

Act, 1956. These Regulations are significant for three reasons: they explicitly extend protection to 

students (not merely employees); they require institutions to adopt gender sensitisation action 

plans; and they mandate the establishment of gender sensitisation committees against sexual 

harassment (GSCASH) or committees with equivalent functions (University Grants Commission, 

2015). 

Regulation 3 requires every HEI to constitute an ICC or equivalent committee and to 

publicise its composition, complaint mechanism, and contact details. Regulation 5 requires HEIs 

to conduct orientation, gender training, and awareness programmes. Regulation 6 obligates 

institutions to include information about the ICC in admission brochures, service rules, and 

orientation materials. These obligations, if complied with, would create a robust ecosystem of 

awareness and institutional accountability (University Grants Commission, 2015). 

However, the UGC Regulations are subject to a critical institutional constraint: the UGC 

has limited punitive authority over affiliated colleges and autonomous universities that do not 

receive direct UGC grants. While the Regulations apply to all HEIs — central, state, deemed, 

private — enforcement through grant withdrawal or affiliation cancellation is procedurally 

complex and politically fraught, and has rarely been deployed against non-compliant institutions 

(Rege, 2000). 

5.5 Penalties and Enforcement Mechanisms 

The POSH Act prescribes penalties for non-compliance under Section 26: an employer 

who fails to constitute an ICC, fails to act on the committee's recommendations, or otherwise 

contravenes the Act's provisions is liable to a fine not exceeding Rs. 50,000. Upon a second or 

subsequent offence, the penalty is doubled and the employer's licence or registration may be 

cancelled or not renewed. These penalties are, however, widely regarded as inadequate deterrents 
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given the reputational and financial resources of large HEIs and the low probability of proactive 

enforcement by state-level authorities (Nair, 2014). 

The enforcement architecture is further weakened by the absence of a dedicated regulatory 

inspectorate for POSH compliance. Unlike labour law inspectorates that conduct periodic 

workplace visits, POSH enforcement depends largely on complaint-driven action and judicial 

review. Women's rights scholars have called for an independent national regulator or ombudsman 

with proactive audit powers over ICC compliance in HEIs, analogous to the Equal Employment 

Opportunity Commission in the United States (Human Rights Watch, 2017). 

6. Institutional Compliance in HEIs: An Empirical Landscape 

6.1 Nationwide Compliance Patterns 

The picture of institutional compliance with the POSH Act and UGC Regulations across 

India's HEIs is deeply uneven. A survey conducted by the Ministry of Women and Child 

Development (2017) found that as of 2016, a substantial proportion of institutions covered under 

the survey had not filed their mandatory annual reports on ICC activities as required by Section 21 

of the POSH Act. The UGC's own compliance review (2016) noted that out of 677 universities 

surveyed, a significant number reported either not having constituted an ICC or having constituted 

one without the required external member. 

Regional and sectoral disparities are pronounced. Private unaided institutions — which 

constitute a growing share of HEI enrolment in India — exhibit systematically lower compliance 

rates compared to publicly funded universities. This may reflect the relative absence of 

government oversight of private institutions and the profit-driven institutional cultures that 

deprioritise gender equity measures (Iyer & Savithri, 2018). Institutions with strong feminist 

faculty networks or vibrant student unions tend to exhibit higher compliance and more robust ICC 

functioning, suggesting that civil society and internal advocacy play a crucial role in driving 

implementation (Murthy & Khurana, 2019). 

6.2 Barriers to Effective Compliance 

Secondary literature identifies several interlocking barriers to effective POSH compliance 

in HEIs. First, institutional culture and reputational management: administrators frequently 

prioritise institutional reputation over complainant welfare, leading to informal resolution, 

suppression of complaints, or pressure on complainants to withdraw (Chakravarti, 2016). Second, 
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procedural inadequacy: many ICCs lack trained members, have no secretarial support, do not 

maintain proper records, and are unaware of the evidentiary standards applicable to quasi-judicial 

proceedings (Baxi, 2014). 

Third, the chilling effect of retaliation: fear of professional retaliation — particularly for 

students dependent on their supervisors for thesis guidance, funding, and career references — is a 

powerful deterrent to complaint. Human Rights Watch (2017) documented numerous cases in 

Indian HEIs where complainants faced academic sanctions, withdrawal of research funding, and 

social ostracism following the filing of sexual harassment complaints. Fourth, definitional and 

evidentiary challenges: the 'unwelcomeness' standard and the Act's reliance on circumstantial 

evidence in the absence of witnesses creates insurmountable evidentiary hurdles in many cases 

(MacKinnon, 1979). 

Fifth, the intersectional dimension of vulnerability: women from Scheduled Castes, 

Scheduled Tribes, and Other Backward Classes in HEIs face compound disadvantage — they are 

subject not only to sexual harassment but also to caste-based discrimination that intersects with 

and reinforces gender-based harm. The legal framework's silence on the intersectionality of caste 

and gender in the HEI context is a significant doctrinal gap (Rege, 2000). 

6.3 Judicial Responses to Non-Compliance 

Indian courts have, on several occasions, intervened to enforce compliance with Vishaka 

Guidelines and the POSH Act in HEIs. In Prof. (Dr.) Priya v. Vice Chancellor, University of Delhi 

(Delhi High Court, 2017), the Court held that the university had failed to constitute a properly 

composed ICC and directed reconstitution with the requisite external member. In Ruchika Singh 

Chhabra v. Air France (2018) 1 HLR 1, the Delhi High Court examined the standards of natural 

justice applicable to ICC proceedings and held that procedural fairness required the respondent to 

be afforded an adequate opportunity to rebut allegations. These judicial interventions, while 

important, are ex post and complaint-driven — they do not substitute for proactive institutional 

compliance (Supreme Court of India, 1997). 

The Supreme Court's continuing mandamus jurisdiction in Medha Kotwal Lele has 

produced periodic compliance reports from state governments, but observers have noted that these 

reports are largely self-reported and not independently verified (Baxi, 2014). The absence of a 

systematic, independent audit mechanism for POSH compliance in HEIs remains a critical gap in 

the enforcement architecture. 
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6.4 Comparative Perspectives 

A brief comparative analysis illuminates the relative strengths and weaknesses of India's 

framework. In the United States, Title IX of the Education Amendments of 1972 prohibits sex 

discrimination — including sexual harassment — in federally funded educational institutions, and 

is enforced by the Department of Education's Office for Civil Rights (OCR), which conducts 

investigations, issues compliance letters, and can withdraw federal funding from non-compliant 

institutions (MacKinnon, 1979). The existence of a well-resourced federal regulator with proactive 

audit authority has driven significantly higher formal compliance rates in US HEIs, though the 

adequacy of substantive outcomes remains contested (Bagilhole, 1994). 

The United Kingdom's Equality Act 2010 similarly provides comprehensive protection 

against sexual harassment in educational settings, enforced through the Equality and Human 

Rights Commission and employment tribunals with powers to award uncapped compensation. 

While enforcement challenges persist, the availability of uncapped damages and a dedicated 

enforcement body provide considerably stronger incentives for institutional compliance than 

India's Rs. 50,000 fine (Bagilhole, 1994). 

These comparative examples suggest that effective legal frameworks for sexual harassment 

prevention in HEIs share common features: an independent enforcement body with proactive audit 

powers; adequate penalties that create genuine deterrence; explicit protection for students 

alongside employees; mandatory training requirements with accountability mechanisms; and 

accessible complaint pathways that protect complainants from retaliation (Cotterrell, 1998). 

7. Conclusions and Recommendations 

This paper has undertaken a critical analysis of the statutory and regulatory framework 

governing sexual harassment prevention in higher education institutions in India, with particular 

focus on the POSH Act, 2013, the UGC Regulations, 2015, and the Vishaka jurisprudence. The 

analysis establishes that India possesses a substantively comprehensive legal architecture — one 

that has evolved significantly from the pre-Vishaka void to the current multi-layered statutory 

framework — but that implementation within HEIs continues to be deeply inadequate. 

The structural deficiencies identified in this study are: the definitional exclusion of students 

from the POSH Act's employee-focused framework; inadequate penalties and the absence of a 

proactive enforcement body; the legal ambiguity regarding ICC jurisdiction in multi-campus 

institutions; the procedural vulnerabilities of ICC proceedings that disadvantage complainants; the 
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intersectional blind spots of the framework with respect to caste, disability, and other axes of 

disadvantage; and the cultural and institutional barriers that prevent the legal framework from 

reaching those it is designed to protect. 

On the basis of this analysis, the following recommendations are advanced. First, the POSH 

Act should be amended to explicitly include students as protected persons, drawing on the model 

of the UGC Regulations but endowing the inclusion with full statutory force and penal backing. 

Second, a national-level regulatory body — an academic ombudsman or National Gender 

Compliance Authority — should be established with powers to conduct proactive compliance 

audits of HEIs, publish compliance rankings, and impose proportionate sanctions for non-

compliance. Third, penalties under Section 26 of the POSH Act should be substantially enhanced 

and calibrated to institutional size and revenue, ensuring genuine deterrent effect. 

Fourth, mandatory ICC member training programmes — accredited and standardised by 

the UGC — should be introduced, with training records subject to annual audit. Fifth, anti-

retaliation provisions should be significantly strengthened, with legal aid and protective orders 

available to complainants at the complaint stage. Sixth, the intersectional dimensions of sexual 

harassment should be expressly recognised in a legislative amendment, and data on complainant 

caste, class, disability status, and religious identity should be collected and disaggregated in annual 

reports. Seventh, digital and online forms of harassment — which have grown exponentially with 

the virtualisation of academic work — should be explicitly addressed in a statutory amendment 

clarifying that online academic environments constitute 'workplaces' under the POSH Act. 

The legal architecture of sexual harassment prevention in HEIs is, in sum, an unfinished 

project. The foundations — laid by Vishaka, constructed by the POSH Act, and elaborated by the 

UGC Regulations — are sound in their essential design. What is urgently needed is the political 

will, institutional investment, and regulatory capacity to transform formal legal obligations into 

lived institutional reality. Without these, the law remains, as MacKinnon (1979, p. 57) observed 

in a different context, a promise yet to be kept. 
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ABSTRACT 

This study examines the impact of Artificial Intelligence (AI) on the professional practices, 

classroom activities, and research contributions of teacher trainers (𝑁 = 75) in alignment with 

NEP 2020 objectives. Utilizing a descriptive survey methodology with a 5-point Likert scale, the 

findings reveal that teacher trainers primarily value AI as an operational tool to boost workplace 

efficiency. Agreement was highest for managing routine administrative tasks (69.33%) and 

streamlining general professional workflows (60.00%). In instructional settings, AI is widely 

applied to generate lesson plans, design assessments, and curate learner-centred resources. 

Within academic publication, AI acts predominantly as an editorial and organizational assistant, 

with 61.33% of respondents utilizing it to improve manuscript structure and language. However, 

substantial barriers hinder its transformative potential: a lack of clear institutional guidelines 

emerged as the leading obstacle (66.67%), alongside limited digital infrastructure (54.67%), 

personal knowledge gaps (48.00%), and output verification uncertainties. The study concludes 

that while AI significantly enhances administrative and editorial productivity, systematic 

institutional frameworks, infrastructure upgrades, and targeted training in research ethics and 

verification are essential to foster responsible and high-impact AI integration. 

Keywords: Artificial Intelligence, Teacher Educators, Teacher Trainers, AI Literacy, Research, 

Publication, Academic Integrity, NEP 2020, Professional Development 

 

INTRODUCTION 

Artificial Intelligence (AI) is rapidly influencing education, research and professional 

development. This transformation has particular significance for teacher educators who prepare 

future teachers while undertaking teaching, mentoring, research, publication and administrative 

responsibilities. In the emerging AI-supported educational environment, teacher educators are 
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expected not only to use digital technologies but also to evaluate their educational value and guide 

prospective teachers towards responsible use. 

The National Education Policy (NEP) 2020 emphasises technology integration, continuous 

professional development, research and innovation in education (Ministry of Education, 

Government of India, 2020). UNESCO (2023) similarly recommends a human-centred approach 

to generative AI that addresses ethics, privacy, equity and human agency. Its AI Competency 

Framework for Teachers identifies human-centred thinking, AI ethics, AI applications, AI 

pedagogy and professional learning as important areas of teacher competence (UNESCO, 2024). 

The present study examines the impact of AI on teacher trainers, particularly in classroom 

practices, research, publication and routine professional activities. Data were collected from 

teacher education institutions in Maharashtra. The findings indicate that teacher trainers recognise 

the usefulness of AI for academic and routine tasks but experience difficulties in its meaningful 

classroom integration and day-to-day professional use. Concerns regarding accuracy, academic 

integrity, originality, data privacy and ethical research practices were also observed. The study 

highlights the need for continuous AI literacy and professional development that combines 

technological skills with critical thinking and ethical awareness. AI should be used as a support 

mechanism that strengthens, rather than replaces, the professional judgement and human 

contribution of teacher educators. Alexandrowicz (2024) emphasises that effective AI teacher 

training should be tailored, collaborative, principle-based, and progressively address technical, 

social, and ethical aspects of AI in education. Aljemely (2024) reviewed 10 studies and found that 

low teacher motivation is a key challenge in AI training, recommending customized, practical, 

motivating, and hands-on programmes to promote effective AI adoption. Antonio, R. P., & Sison, 

L. R. C. (2026): A meta-analysis of 11 studies with 19 effect sizes found that AI-based 

interventions significantly improve preservice teachers’ learning, particularly cognitive outcomes, 

while emphasizing context-sensitive, ethical, equitable, and innovative AI integration supported 

by institutions. 

While a substantial body of educational research focuses on the impact of AI on primary/secondary 

school students or pre-service teacher competencies, comparatively little attention is directed 

toward teacher trainers (teacher educators). Teacher educators occupy a unique, dual-role in 

the academic ecosystem: they serve both as primary mentors who shape the digital literacy and 

pedagogical practices of future educators and as active academic researchers responsible for 

generating scholarly output. Consequently, understanding how teacher trainers adopt, perceive, 
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and navigate AI tools across their administrative, instructional, and research responsibilities is 

critical for systemic educational transformation.  

 

REVIEW OF LITERATURE 

 Kasneci et al. (2023): reported that generative AI can support personalised learning, 

content creation, feedback, and academic activities, but highlighted concerns regarding 

misinformation, bias, and overdependence on AI. 

 Lund and Wang (2023): observed that ChatGPT has considerable potential for academic 

writing, information retrieval, and research support, while raising questions about 

accuracy, ethics, and academic integrity. 

 UNESCO (2023) recommended a human-centred approach to generative AI in education 

and research, particularly concerning privacy, equity, transparency, ethical use, and 

institutional preparedness. 

 Alexandrowicz, M. (2024): Best practices in teacher training to embed AI emphasize the 

need for tailored and cooperative professional development. Effective teacher training 

programs begin with principle-based fundamentals of AI, increasingly introducing 

technical details and examining the social and ethical implications of AI in education. 

 Aljemely, Y. (2024, October): The systematic review examined 10 studies on AI training 

for teachers, focusing on its importance, usage, challenges, and effective training practices. 

The findings identified lack of teacher motivation as a major challenge and recommended 

training that is customized, motivating, and provides hands-on experience with current AI 

tools. The review highlights the need for practical, learner-centred, and context-specific AI 

training programmes for teachers. 

 Lund et al. (2024) highlighted the growing influence of AI on academic research and 

publishing. They emphasised the need for human oversight, transparency, and responsible 

use of AI throughout the research process. 

 Antonio, R. P., & Sison, L. R. C. (2026): A meta-analysis of 11 studies with 19 effect sizes 

found that AI-based interventions have a strong positive impact on preservice teacher 

learning, particularly in cognitive outcomes. Effects varied by country, learning domain, 

and intervention duration, highlighting the importance of institutional support and local 

context. Most interventions remained at the Augmentation level, indicating limited 

transformative use of AI. The study recommends context-sensitive, ethical, innovative, and 

equitable AI integration in teacher education. 
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RESEARCH GAP 

Although existing literature has established the potential of Artificial Intelligence in education, 

academic writing, research, and professional development, limited empirical research has 

specifically examined its impact on teacher educators/teacher trainers. Most studies focus on 

students, classroom teachers, or pre-service teachers, with comparatively less attention to teacher 

educators who simultaneously perform instructional, mentoring, research, publication, and 

administrative roles. 

Further, existing studies largely discuss the benefits and ethical challenges of AI separately, while 

limited research examines how teacher educators actually use AI across classroom practices, 

research, publication, and routine professional activities. There is also insufficient evidence from 

the Indian and particularly Maharashtra context regarding teacher educators’ AI literacy, 

professional preparedness, ethical concerns, and challenges in meaningful AI integration. 

Therefore, a research gap exists in understanding how AI is influencing the professional roles, 

research and publication practices, classroom strategies, and day-to-day responsibilities of teacher 

educators. The present study addresses this gap by examining the perceived impact of AI among 

teacher trainers in teacher education institutions in Maharashtra, with particular emphasis on 

usefulness, challenges, ethical concerns, professional development needs, and the role of human 

judgement. 

 

NEED AND SIGNIFICANCE OF THE STUDY 

The rapid growth of Artificial Intelligence (AI) is transforming teaching, research, publication, 

and professional practices in higher education. Teacher educators have a significant responsibility 

in preparing future teachers to use emerging technologies effectively and ethically. Therefore, 

understanding the impact of AI on teacher educators is essential for strengthening their 

professional competencies and research practices. 

The study is needed to: 

 Examine the extent to which teacher educators use AI in classroom teaching, research, 

publication, and routine professional activities;  

 Identify the benefits and challenges experienced while using AI;  

 Understand concerns related to accuracy, originality, plagiarism, data privacy, authorship, 

and academic integrity;  
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 Assess the need for AI literacy and continuous professional development among teacher 

educators;  

 Identify ways in which AI can enhance research productivity and academic innovation 

without replacing human judgement; and  

 Provide evidence for developing institutional guidelines, training programmes, and 

responsible AI practices in teacher education. 

RESEARCH QUESTIONS 

1. How does AI influence the professional practices of teacher trainers? 

2. How do teacher educators use AI for teaching, research and publication? 

3. What challenges do teacher trainers experience while using AI? 

4. What ethical concerns arise from AI-supported research and publication? 

5. What professional-development support is required for responsible AI use? 

 

OBJECTIVES OF THE STUDY 

1. To study the impact of AI on the professional practices of teacher trainers. 

2. To examine the use of AI in classroom-related activities. 

3. To study the role of AI in research and academic publication. 

4. To identify challenges faced by teacher trainers in using AI. 

5. To examine ethical concerns associated with AI-supported research and publication. 

6. To identify the need for AI-focused professional development among teacher educators. 

METHODOLOGY AND RESEARCH DESIGN 

A descriptive survey design was adopted to study the experiences and perceptions of teacher 

trainers regarding AI. 

Population and Sample: 

The population consisted of teacher educators working in various teacher education institutions in 

Maharashtra. Out of which 75 Teacher educators from selected institutions constituted the sample. 

The sample was collected with the help of Purposive cum Random Sampling technique. 

Tool: 
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Data were collected using a structured five-point Likert based questionnaire i.e. Strongly Disagree, 

Disagree, Undecided, Agree and Strongly Agree with the dimensions of covering AI awareness, 

classroom use, research and publication, professional activities, AI literacy and ethical concerns. 

The collected data were analysed on the basis of total number of responses in each category. 

ANALYSIS AND INTERPRETATION: 

Following descriptions shows the analysis and interpretation of Data: 

Graph-1: Impact of AI on Professional Practices 

 

The graph-1 shows that teacher trainers generally perceive AI positively in professional practice. 

The strongest agreement is for improving professional efficiency (40) and managing routine 

academic and administrative tasks (35). AI also supports professional preparation (24) and 

enhances creativity and innovation (26). Overall, the findings suggest that AI contributes to greater 

efficiency and effectiveness in the professional work of teacher trainers. 

 

Graph-2: Use of AI in Classroom-Related Activities 
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The graph-2 indicates that AI is widely used in classroom-related activities. The highest agreement 

is for using AI to prepare lesson plans and teaching-learning materials (31) and to develop 

questions, quizzes, and assessments (28). AI is also used to prepare learner-centred resources (27) 

and introduce innovative teaching strategies (28). Overall, the findings suggest that AI is mainly 

supporting lesson preparation, assessment, resource development, and innovative teaching 

practices. 

Graph-3: AI in Research and Academic Publication  

 

The graph-3 shows generally positive perceptions regarding the integration of AI in research and 

academic publication (𝑁 = 75). Agreement is highest for using AI tools to improve manuscript 

language and structure (61.33%), while reluctance or disagreement is lowest for the same task 

(9.33%). Overall, the findings suggest that AI is predominantly valued as an editing, 

organizational, and efficiency-enhancing assistant, though a notable proportion of respondents 

remain undecided (20% − 29.33%) across various stages of the research workflow. 

Graph-4: Challenges in Using AI 
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The graph-4 highlights significant perceived barriers to the adoption of AI (𝑁 = 75). Agreement 

is highest for the lack of clear institutional guidelines creating difficulty in using AI responsibly 

(66.67%), while difficulty in verifying the accuracy of AI-generated information reflects the 

highest level of uncertainty (34.67% undecided). Overall, the findings suggest that while 

infrastructure (54.67%) and personal AI knowledge (48.00%) present notable obstacles, policy 

governance and institutional frameworks emerge as the most critical challenges requiring 

immediate attention. 

KEY FINDINGS 

 Enhanced Professional Efficiency: Teacher trainers generally view AI as a valuable tool 

for boosting professional productivity. The strongest consensus lies in improving routine 

administrative tasks (69.33%) and overall professional efficiency (60.00%).  

 Active Classroom Utility: AI is widely adopted for instructional planning. It is primarily 

utilized for generating lesson plans, design of teaching-learning materials (31 agree), 

creating assessments (28 agree), and introducing innovative strategies (28 agree).  

 Support in Research & Academic Publication: Respondents heavily rely on AI as an 

editorial and organizational assistant. The highest agreement in research practices involves 

refining manuscript language and structure (61.33%).  

 Critical Institutional & Operational Challenges: The absence of clear institutional 

guidelines for responsible AI use emerged as the most critical barrier (66.67% agreement). 

Additional challenges include inadequate digital infrastructure (54.67%), limited personal 

AI expertise (48.00%), and uncertainty regarding the verification of AI-generated content 

(34.67% undecided).  

SUGGESTIONS 

 Establish Institutional Guidelines: Formulate explicit, ethical policies and clear 

frameworks within teacher education institutions to ensure responsible AI usage in 

academic work, research, and publication.  

 Provide Targeted Professional Development: Design tailored training programs and hands-

on workshops focused on building technical AI literacy, prompt engineering, and critical 

evaluation of AI outputs.  

 Upgrade Digital Infrastructure: Invest in reliable digital infrastructure and secure equitable 

access to necessary AI tools and software for teacher educators.  
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 Promote Research Integrity & Verification Skills: Train educators on advanced fact-

checking, verification methodologies, and proper citation standards to address output 

accuracy and ethical concerns in AI-assisted research.  

MAJOR CHALLENGES 

The study identifies several challenges faced by teacher educators in adopting Artificial 

Intelligence (AI), including limited practical AI literacy, difficulty in meaningful classroom 

integration, uncertainty about ethical use, concerns regarding originality and authorship, 

inaccurate or fabricated information, unreliable AI-generated references, privacy and data-

security issues, unequal access to digital resources, limited institutional guidelines, and the risk 

of overdependence on AI. These challenges highlight the need for continuous professional 

development, institutional support, clear ethical guidelines, and responsible AI practices 

to ensure effective and meaningful AI integration. 

CONCLUSION 

The study concludes that Artificial Intelligence serves as an effective, efficiency-enhancing 

catalyst for teacher trainers across administrative tasks, classroom preparation, and academic 

research. While educators actively leverage AI tools to streamline lesson planning, assessment 

design, and manuscript editing, their reliance is predominantly operational rather than 

transformative. Significant barriers—most notably a lack of clear institutional policies, 

infrastructure gaps, and uncertainties surrounding content verification—hinder its full, ethical 

potential. To maximize the benefits of AI in teacher education, institutions must transition from 

ad-hoc adoption to structured integration by establishing transparent governance frameworks, 

upgrading digital infrastructure, and offering continuous professional development.  
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Abstract 
Gig and platform work has outpaced social protection systems built for standard employment, 

leaving workers uninsured due to independent-contractor classification, multi-platform work, and 

irregular income. This paper proposes a Portable Micro-Protection Account (PMPA) model built 

on four pillars: portability of entitlements across platforms; blended financing (aggregator levies, 

worker micro-contributions, government co-payment); digital-first administration via existing 

payment and ID rails; and tiered coverage for accidental death, health, maternity, and old age. 

Drawing on India's Code on Social Security 2020, the EU's Platform Work Directive, Indonesia's 

BPJS Ketenagakerjaan, and ILO guidance, the analysis finds that scalability depends less on 

product innovation than on solving three structural problems: real-time cross-platform earnings 

visibility, enforceable aggregator contribution mechanisms, and a portable account structure 

surviving job and jurisdiction changes. The paper closes with sequenced policy recommendations 

and flags open questions on take-up, adverse selection, and fiscal sustainability for future 

research. 

Keywords: Gig economy · Platform work · Micro-insurance · Social security portability · 

Occupational risk · Aggregator contribution · ILO Recommendation 204/202 · Inclusive insurance 

design 

1. Introduction 

The organisation of work has changed faster than the institutions designed to protect workers from 

risk. Digital platforms that support intermediate transport, delivery, home services, and micro-
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tasks have created a large and growing category of workers who are neither classically self-

employed nor conventionally employed. The European Commission estimates that more than 28 

million people work through one or more digital labour platforms across the EU, a figure projected 

to reach roughly 43 million by 2025, and comparable growth trends are visible across South Asia, 

Southeast Asia, Africa, and Latin America. This growth has delivered flexibility and income 

opportunity, particularly for workers excluded from formal labour markets, but it has also 

produced a widening protection gap: platform workers typically lack employer-sponsored health 

insurance, employer contributions to pension or provident funds, paid sick leave, maternity 

benefits, and compensation for workplace accidents. 

The core policy challenge is that most social security systems were built around a single, 

identifiable employer, a continuous employment relationship, and a predictable wage from which 

contributions can be deducted. Gig and platform work violates all three assumptions. Workers 

frequently work for several platforms in the same week, income arrives in small and irregular 

installments, and the legal status of the relationship between worker and platform is often contested 

or deliberately structured to avoid employer obligations. Extending protection to this workforce 

therefore cannot simply mean applying existing social insurance rules to a new category of worker; 

it requires rethinking the unit of coverage, the financing mechanism, and the administrative 

architecture. 

Micro-insurance - low-premium, low-coverage-cap insurance products designed for low- and 

irregular-income populations - offers a promising design template because it was built from its 

inception for exactly this kind of client: someone without a stable payroll, without collateral, and 

without the ability to pay large periodic premiums. This paper asks how the design logic of micro-

insurance can be combined with emerging statutory frameworks for gig work - such as India's 

Code on Social Security 2020 and the European Union's Platform Work Directive - to produce a 

model that is financially sustainable, technologically implementable, and portable across the 

fragmented, multi-platform reality of gig work. 

2. Literature Review 

2.1 Informality and Non-Standard Work. Social protection systems built around the standard 

employment relationship structurally exclude workers in economies where informality is the norm 

(Hart, 1973). Scholars characterize the gig economy as a formalized re-emergence of this 

informality: work that is platform-visible yet functionally uninsured (De Stefano, 2016; Prassl, 
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2018; Codagnone et al., 2016). The central debate concerns worker classification - employee, 

independent contractor, or an intermediate "dependent contractor" status - since this determines 

which protections attach automatically (Cherry & Aloisi, 2017; De Stefano, 2015), a dynamic the 

ILO (2021) links to algorithmic management and platform-mediated economic dependence. 

2.2 The Social Protection Floor. ILO Recommendations No. 202 (2012) and No. 204 (2015) 

establish the normative baseline: universal basic guarantees, contribution mechanisms adapted to 

irregular income, and progressive extension of coverage (ILO, 2012, 2015). Later ILO (2021) 

guidance stresses portability of benefits across employers and platforms - a principle both India's 

Code on Social Security (Government of India, 2020) and the EU's Platform Work Directive 

(European Union, 2024) attempt to operationalize differently. 

2.3 Micro-Insurance Design. Churchill (2006) defines microinsurance as low-income risk 

protection through premiums proportionate to risk, requiring simplicity and affordability. Biener 

and Eling (2012) identify the insurability constraints - high administrative cost, correlated risk, 

information asymmetry (Rothschild & Stiglitz, 1976) - that limit conventional underwriting for 

irregular-income populations. Roth et al. (2007) and Churchill and McCord (2012) document 

persistently low voluntary take-up, favouring default enrolment and bundled distribution, 

consistent with the behavioural finding that default options outperform pure information provision 

(Thaler & Sunstein, 2008). 

2.4 Country Experience. India mandates an aggregator levy into a statutory Social Security Fund 

(Government of India, 2020); the EU instead applies a rebuttable presumption of employment 

(European Union, 2024); Indonesia's voluntary, contribution-based BPJS Ketenagakerjaan shows 

formal workers are over 29 times more likely than informal workers to be enrolled (Ngadi et al., 

2025) - evidence that voluntary extension alone under-delivers coverage. 

2.5 Research Gap 

Existing literature tends to treat classification reform (whether a worker is legally an employee) 

and product design (what an affordable insurance product looks like) as separate conversations. 

Relatively little work integrates the two into a single, implementable architecture that specifies 

financing formulas, technology rails, and product tiers simultaneously. This paper addresses that 

integration gap. 
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3. Problem Statement and Research Gap 

Three structural problems block scalable protection for gig and platform workers. Fragmentation: 

a worker moving between platforms accumulates no continuous contribution record, so benefits 

reset with every switch. Financing ambiguity: statutory levies such as Section 114 of India's Code 

on Social Security have gone unnotified for years after enactment, leaving funds undercapitalised 

despite the legal obligation. Administrative mismatch: conventional underwriting assumes a 

stable premium-payer and documented event history - neither fits per-task workers on shifting 

platforms. The research problem is thus not whether gig workers should be insured, but how to 

engineer a model that resolves fragmentation, financing ambiguity, and administrative mismatch 

simultaneously, at a scale suited to millions of low-margin, high-churn workers. 

4. Objectives and Research Questions 

4.1 Objectives 

• To identify the technological and institutional preconditions for implementation. 

• To understand a risk taxonomy specific to gig and platform work that distinguishes 

occupational, health, income-volatility, and old-age risks. 

• To design a portable, multi-platform micro-insurance and social security architecture that 

can be financed sustainably at scale. 

4.2 Research Questions 

• What risks are systematically under-covered for gig and platform workers relative to standard 

employees? 

• What financing architecture can mobilise adequate premium pools without imposing 

prohibitive costs on workers or platforms? 

• How can entitlements be made portable across platforms, states, and employment statuses? 

• What technological infrastructure is required to administer such a scheme at national scale? 

• What are the principal risks (adverse selection, moral hazard, non-compliance) to the model's 

sustainability, and how can these be mitigated? 
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5. Research Methodology 

This paper adopts a design-based, mixed-methods approach combining three complementary 

methods. First, a doctrinal and policy review of primary legal instruments - India's Code on Social 

Security 2020, state-level gig-worker welfare legislation in Rajasthan, Telangana, Karnataka, and 

Tamil Nadu, the European Union's Platform Work Directive (EU) 2024/2831, and ILO 

Recommendations 202 and 204 -establishes the current statutory baseline and its gaps. Second, a 

comparative policy analysis benchmarks India's aggregator-levy model against Indonesia's BPJS 

Ketenagakerjaan micro-contribution channel and the EU's employment-presumption approach, 

treating each as a natural experiment in a different institutional strategy for extending protection. 

Third, design-based research methodology is used to construct and stress-test the proposed 

Portable Micro-Protection Account architecture: the model's components (financing formula, 

product tiers, technology stack, and claims process) are derived iteratively from the risk taxonomy 

in Section 6 and validated against the institutional constraints identified in the comparative 

analysis. The paper does not conduct primary actuarial pricing or field piloting; it is a conceptual 

and policy design paper intended to inform subsequent empirical and pilot-based research, and its 

limitations are discussed in Section 10. 

6. Conceptual Framework: Risk Taxonomy and Design Principles 

6.1 Risk Taxonomy for Gig and Platform Work 

Gig and platform workers face a distinctive combination of risks that differ in structure, though 

not necessarily in severity, from those faced by standard employees. The table below sets out the 

principal risk categories relevant to model design. 

Risk Category Description Typical Current Coverage 

Occupational / 

accidental injury 

Road accidents, falls, assault, and 

injury while performing platform-

assigned tasks (delivery, driving, on-

site services). 

Rare; where present, usually a 

thin, platform-specific accident 

policy with low sums insured 

and narrow eligibility windows. 

Health / hospitalisation Illness or injury unrelated to the 

immediate task but affecting capacity 

Largely absent; workers rely on 

public health systems or out-of-

pocket payment, with 
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Risk Category Description Typical Current Coverage 

to work, including communicable 

disease and chronic conditions. 

associated income loss during 

recovery. 

Income volatility / 

earnings shock 

Short-term loss of income due to 

platform deactivation, algorithmic de-

prioritisation, demand shocks, or 

weather/seasonal disruption. 

Almost entirely uncovered; no 

unemployment-insurance 

equivalent exists for most 

platform workers. 

Maternity and family 

care 

Income loss during pregnancy, 

childbirth, and early child-rearing, 

and short-term care obligations for 

dependents. 

Minimal; a small number of 

state-level welfare boards 

provide limited maternity 

benefits. 

Old-age / longevity Absence of employer-linked pension 

or provident fund contributions 

leading to old-age income insecurity. 

Voluntary, low-participation 

contributory pension schemes 

exist in some jurisdictions but 

suffer from low awareness and 

inconsistent contribution. 

Death / survivor risk Loss of the primary earner's income, 

affecting dependents. 

Where present, typically 

bundled into micro accident-

death policies with modest sums 

insured. 

6.2 Design Principles 

Drawing on the micro-insurance and social protection floor literature, five design principles anchor 

the proposed model. 

• Portability: entitlements and contribution records must attach to the worker, not to a single 

platform, and must survive movement between platforms, informal and formal work, and 

geographic relocation. 

• Affordability calibrated to cash flow: premiums must be denominated in small, frequent 

installments aligned to per-transaction or per-shift earnings rather than annual or monthly 

lump sums. 
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• Blended, enforceable financing: reliance on voluntary worker contributions alone under-

capitalises the pool; a statutory aggregator contribution, indexed to verified platform earnings 

and enforced through real-time reporting, is necessary to reach adequate scale. 

• Digital-first administration: enrollment, premium collection, and claims should ride on 

existing digital identity, payment, and platform-transaction infrastructure rather than 

requiring new physical distribution networks. 

• Tiered, opt-out-default coverage: a minimum basic tier should be near-automatic at the point 

of platform registration, with paid upgrades to standard and enhanced tiers, since opt-in take-

up in comparable micro-insurance schemes has historically been low. 

7. Proposed Model: The Portable Micro-Protection Account (PMPA) 

This paper proposes a Portable Micro-Protection Account (PMPA) architecture: a single, worker-

owned digital account that aggregates contributions from multiple platforms, government co-

payment, and the worker's own micro-contributions, and that purchases a defined package of 

insurance and social security benefits administered by a licensed insurer or a public social security 

fund acting as risk pool manager. 

7.1 Institutional Structure 

At the apex, a National (or state-level, in federal systems) Gig and Platform Workers' Social 

Security Board acts as the scheme regulator and fund custodian, analogous to the National Social 

Security Board contemplated under India's Code on Social Security 2020. The Board licenses one 

or more insurers or a public insurer to underwrite the pooled risk, sets minimum benefit standards, 

and maintains the central worker registry. Aggregators (platforms) are statutorily required to 

register every worker engaged through their platform, report earnings in real time via an 

application programming interface (API), and remit their contribution directly into each worker's 

PMPA rather than into an undifferentiated general fund, which preserves auditability and worker-

level entitlement calculation even when a worker earns from several platforms concurrently. 

7.2 Financing Formula 

The financing structure blends three sources, mirroring the multi-source funding contemplated in 

both Indian and Indonesian frameworks. Contribution rates below are illustrative design 
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parameters rather than prescribed figures, since final rates require jurisdiction-specific actuarial 

calibration. 

Financing Source Basis of Contribution Illustrative Rate 

Aggregator (platform) levy Percentage of aggregator turnover 

attributable to the worker, or percentage 

of gross amount paid to the worker, 

reported per transaction. 

1–2% of turnover, 

capped at 5% of worker 

payouts (consistent with 

the design adopted under 

Section 114 of India's 

Code on Social Security, 

2020) 

Worker micro-contribution Small, automatically deducted 

percentage of each payout, directed into 

the same PMPA, optional above the 

basic tier. 

0.5–1.5% of each 

transaction for standard 

tier; nil for the 

automatically enrolled 

basic tier 

Government co-payment / 

matching grant 

Matching contribution for low-income 

workers, or flat subsidy for the basic tier, 

financed from general revenue or a 

dedicated cess. 

50–100% match on 

worker contributions up 

to a low-income 

threshold 

7.3 Product Tiers 

Coverage is structured in three tiers to balance universality with fiscal sustainability. 

Tier Enrolment Core Benefits 

Basic (default) Automatic at platform 

registration, government and 

aggregator financed, zero or 

near-zero worker cost 

Accidental death and permanent disability 

cover; limited hospitalisation cash benefit; 

funeral/last-rites benefit 

Standard Opt-out rather than opt-in, 

small worker co-contribution 

All Basic benefits plus broader 

hospitalisation cover, maternity benefit, 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               60 
 

Tier Enrolment Core Benefits 

and a modest old-age contributory pension 

sleeve 

Enhanced Voluntary opt-in, higher 

worker contribution, portable 

across platforms and life stages 

All Standard benefits plus higher sums 

insured, income-replacement benefit 

during platform deactivation or medical 

incapacity, and enhanced pension 

contribution 

7.4 Technology Architecture. Four layers support implementation: an identity layer linking each 

PMPA to national digital ID to prevent duplicate registration; a transaction layer requiring 

aggregators to expose a standard API for near-real-time earnings reporting; a payment layer using 

existing digital rails to collect contributions and disburse claims cheaply; and a registry/analytics 

layer maintaining each worker's contribution and claims ledger for actuarial monitoring and 

compliance audits. 

7.5 Claims and Grievance Redress. Given high volumes of low-value claims, the Basic tier uses 

parametric, low-documentation claims (e.g., a fixed payout on a police or hospital record), while 

Standard/Enhanced tiers use fuller documentation. A two-tier grievance mechanism — a platform-

level welfare officer and a Board-level ombudsperson — mirrors human-contact requirements 

already emerging in Indian state legislation, addressing workers' frustration with algorithm-only 

escalation paths. 

7.6 Scalability Mechanisms. Three mechanisms enable scale: cross-platform actuarial pooling 

(spreading risk across the whole national registry rather than single-platform pools); reinsurance 

to cap tail-risk from catastrophic or correlated claims; and cross-subsidisation, where higher-

margin Enhanced-tier contributions fund the near-free Basic tier, enabling near-universal default 

coverage. 

8. Comparative Case Analysis 

8.1 India. The Code on Social Security, 2020 (in force since 21 November 2025) is among the 

first statutes to define "gig worker" and "platform worker" and mandate an aggregator levy (1–2% 

of turnover, capped at 5% of worker payouts) into a Social Security Fund covering life, disability, 
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accident, health, maternity, and old-age benefits. The Section 114 contribution rate went unnotified 

for years after enactment, exposing a gap between statutory design and operational financing - one 

the PMPA addresses via automatic, API-enforced contribution rather than discretionary 

notification. State-level welfare boards (Rajasthan, Karnataka, Telangana, Tamil Nadu, Bihar, 

Jharkhand) show appetite for experimentation but also risk fragmenting entitlements across a 

mobile workforce. 

8.2 European Union. The Platform Work Directive (EU) 2024/2831, transposable by 2 December 

2026, takes a different route: a rebuttable presumption of employment where a platform exercises 

sufficient control, shifting the burden of proof onto the platform. This grants full employment-

linked social insurance where the presumption succeeds, but depends on national implementation 

and litigation, and leaves genuinely multi-platform self-employed workers unaddressed. 

8.3 Indonesia. BPJS Ketenagakerjaan's micro-contribution channels, integrated with e-wallets, 

show per-transaction premium collection is operationally feasible at scale- but take-up among 

informal workers remains low, reinforcing the case for default/opt-out over pure opt-in enrolment. 

8.4 ILO Recommendations 202 and 204. These set the normative floor - universal basic 

protection, non-discriminatory coverage, progressive extension - against which the PMPA is 

benchmarked, with its Basic tier meeting the floor and Standard/Enhanced tiers operationalising 

progressive extension. 

8.5 Synthesis 

No single existing model resolves all three problems from Section 3. India solves financing 

conceptually but struggles with rate notification and state-level fragmentation; the EU solves 

benefit adequacy through employment reclassification but leaves multi-platform independent 

workers uncovered and depends on slow national transposition; Indonesia solves collection cost 

but not take-up. The PMPA combines India's financing logic, Indonesia's payment-rail approach, 

and ILO Recommendation 202's portability principle - adding the missing piece: a worker-owned 

account structure that travels across platforms. 

9. Findings and Discussion 

Four findings emerge. First, the binding constraint on scalability is administrative, not actuarial: 

affordable micro-insurance products already exist; what's missing is a low-cost mechanism to 
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aggregate premium from a fragmented, multi-platform, low-income workforce - the gap the 

PMPA's API-based per-transaction model targets. 

Second, statutory obligations without automatic enforcement go under-implemented. India's 

multi-year delay in notifying the Section 114 contribution rate shows that discretionary notification 

is a structural failure point; the PMPA closes this by embedding contribution calculation directly 

into the mandatory reporting API. 

Third, default enrolment outperforms opt-in in comparable schemes, supporting the tiered 

Basic/Standard/Enhanced structure. Since take-up correlates with financial literacy and platform 

tenure, an opt-out Basic tier protects new and vulnerable entrants that a purely opt-in model would 

miss. 

Fourth (more tentative), portability across employment status - linking the PMPA to national 

digital identity rather than platform registration - could let contribution history persist as workers 

move between platform, informal, and formal work, but this requires interoperability with parallel 

employer-based systems, an open question for further research. 

10. Challenges and Risks 

Data fragmentation / non-compliance: Aggregators may under-report earnings or resist API 

integration without independent audit rights and penalties. 

Classification disputes: Since obligations vary by worker status, platforms may restructure work 

to avoid higher-tier obligations (already seen in EU litigation). 

Affordability and adverse selection: Small co-contributions can deter low-income enrolment, 

while voluntary higher tiers risk adverse selection unless cross-subsidised. 

Regulatory fragmentation: Independent state-level schemes (as in India) risk inconsistent 

entitlements or duplicate levies across jurisdictions, requiring a national clearing mechanism. 

Moral hazard and fraud: Low-documentation parametric claims speed up payouts but are more 

fraud-prone than fully documented processes. 

Data privacy: Real-time, location-linked earnings reporting must be reconciled with data-rights 

protections such as those in the EU Platform Work Directive. 
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Methodological limitations: This is a conceptual design study; rates and tiers are illustrative and 

require jurisdiction-specific actuarial validation, with no primary survey or pilot data collected. 

11. Conclusion 

Extending meaningful social security and occupational risk protection to gig and platform workers 

is technically and financially feasible, but only if the design addresses the structural mismatch 

between fragmented, multi-platform, irregular work and social insurance architectures built for 

continuous, single-employer employment. This paper has proposed a Portable Micro-Protection 

Account model that blends aggregator levies, worker micro-contributions, and government co-

payment within a tiered, digitally administered, cross-platform-portable structure. Comparative 

analysis of India's Code on Social Security, the European Union's Platform Work Directive, 

Indonesia's BPJS Ketenagakerjaan, and ILO Recommendations 202 and 204 suggests that the 

principal barriers to scale are administrative and institutional — real-time earnings visibility, 

enforceable contribution mechanisms, and portability across platforms and jurisdictions — rather 

than actuarial. Realising this model at national scale will require sustained regulatory commitment, 

technological investment in interoperable reporting infrastructure, and, most importantly, 

empirical piloting to validate the assumptions on which this conceptual design necessarily rests. 
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FACTORS AFFECTING TIME MANAGEMENT AMONG JUNIOR COLLEGE 

STUDENTS 
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ABSTRACT : Time management is an essential skill that influences students academic 

performance, personal development and overall well-being. This study aims to identify the factors 

affecting time management among junior college students. Specifically it examines how academic 

workload, extra curricular activities, social media use, family responsibilities and personal habits 

influence students ability to manage their time effectively. The findings are expected to provide 

insights into the common challenges. Students face in organizing their time and to recommend 

strategies that can help improve their time management skill. 

KEYWORDS : Time Management, Junior College Students, Academic performance, Social 

media, Study habits, Extracurricular activities. 

INTRODUCTION : Time management is an important skill for junior college students as they 

have to balance academic responsibilities, extracurricular activities, personal commitments, and 

social life. Effective time management helps students complete their academic work on time, 

reduce stress, and improve their overall performance. However, many students face difficulties in 

managing their time effectively due to various factors. These may include academic workload, 

study habits, use of technology and social media, family responsibilities, peer influence, 

motivation, and lack of proper planning. Understanding these factors is important because they 

can significantly influence how students organize and use their available time. Therefore, this 

study focuses on the factors affecting time management among junior college students and aims 

to understand the challenges they experience in managing their daily activities and academic 

responsibilities. 

Time management : Time management is the process of planning and organizing how you spend 

your time so you can accomplish your goals efficiently while maintaining a healthy balance 

between work, study, and personal life. Decide what you want to achieve each day, week, or 
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month. Focus on important and urgent tasks first. Use a planner, calendar, or digital app to organize 

your day.Turn off unnecessary notifications and create a dedicated workspace. 

Large tasks become more manageable when divided into smaller actions. At the end of each day, 

evaluate what you completed and plan for the next day. 

Junior College Students : Time management for junior college students is important because 

students often need to balance lectures, homework, entrance-exam preparation, revision, and 

personal time. 

Academic performance : Academic performance refers to how well students perform in their 

studies, usually measured through examinations, assignments, projects, attendance, and overall 

understanding of subjects. For junior college students, good time management can greatly improve 

academic performance by helping them: 

Complete assignments and homework on time. Revise lessons regularly instead of studying only 

before exams. Balance different subjects effectively. Reduce stress and exam pressure. 

Social media : Social media refers to online platforms that allow people to communicate, share 

information, and create content. For junior college students, it can have both positive and negative 

effects. 

Study habits : Study habits are the regular methods and routines students use to learn, revise, and 

prepare for examinations. Good study habits can improve understanding, concentration, and 

academic performance. Good study habits help junior college students manage their time 

effectively, understand subjects better, reduce exam stress, and achieve better academic 

performance. 

Extracurricular activities : Extracurricular activities are activities students participate in outside 

their regular academic studies. These may include sports, cultural programs, music, dance, debate, 

volunteering, clubs, and competitions. It improves communication and leadership skills. Develop 

teamwork and confidence. Reduce academic stress. Encourage creativity and new interests. 

Improve physical and mental well-being. 

 

OBJECTIVE OF STUDY: 

1. To identify the factors that influence time management among junior college students. 

2. To determine the level of students’ time management skills. 

3. To examine the relationship between the identified factors and time management. 

4. To recommend strategies that may improve students’ time management. 
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REVIEW OF LITERATURE :  

 Time management is an important factor influencing students’ academic and personal 

development. 

 It involves planning, prioritizing, organizing, and allocating available time among different 

activities.  

 Time-management practices are influenced by several factors, including study habits, social 

media use, academic demands, extracurricular activities, self-discipline, and the ability to 

prioritize tasks. 

 This emphasized that students need to plan and monitor their use of time rather than simply 

increase the number of hours spent studying. 

 

HYPOTHESIS OF THE STUDY : 

H0 = There is no significant relationship between the factors affecting students and their time 

management. 

H1 = There is a significant relationship between the factors affecting students and their time 

management. 

RESEARCH METHODOLOGY 

Research Universe Tilak Junior College 

Sampling method Junior college students 

Sample size 60 

Method of data collection Primary and Secondary data 

Method of Primary data Pre-Structured Questionnare 

Method of Secondary data Research paper 

Data Analysis techniques Mean Rank 

 

 

LIMITATIONS OF THE STUDY 

 The research is limited to only Tilak Junior College, Ghansoli 

 The sample size is limited due to limited time to collect data. 
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DEMOGRAPHIC ANALYSIS 

 

The Analysis shows that the majority of our respondent base falls with in 17-18 age range, with a 

higher proportion of females than males. Most respondents are 12th standard students. 

The study sample consisted of 60 respondents, with a majority 63.3% being females and 36.7% 

males. The average age was 17 years old , with the largest respondents are 12th standard students. 

 

 

ANALYSIS AND INTERPRETATION OF DATA 

 

The Analysis shows that the majority of the students are agree , that they have too many school 

assignment to complete on time. 
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The Analysis shows that the majority of the students are agree or neutral, that they are affected to 

manage school deadline. 

 

The Analysis shows that the majority of the students are agree , that they found difficulties to 

balance multiple subjects 

 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               70 
 

The Analysis shows that the majority of the students are agree , that they spend too much time on 

social media 

 

The Analysis shows that the majority of the students are disagree , that they have issues in study 

schedule due to household work. 

 

The Analysis shows that the majority of the students are agree , that they can balance extra 

curricular activities and academics effectively.  

 

DATA TO ANALYSIS THE FACTORS AFFECTING TIME MANAGEMENT AMONG 

JUNIOR COLLEGE STUDENTS 

Questions S.Agree Agree Neutral Disagree S.Disagree 

1. I have too many school assignment 

to complete on time 

8 21 21 9 1 

2. School deadlines affect how I 

manage my time 

8 21 22 9 0 
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3. I find it difficult to balance multiple 

subjects 

10 20 13 15 2 

4. I spend too much time on social 

media 

9 19 13 15 2 

5. My phone distracts me from studying 3 16 17 15 9 

6. Online entertainment reduces my 

study time 

6 14 15 19 6 

7. Household chores affect my study 

schedule 

2 12 15 22 9 

8. Family responsibilities limit my 

available study time 

0 11 15 28 6 

9. My family supports my time 

management efforts 

2 9 18 24 7 

10. I often procrastinate on school tasks 4 13 22 16 5 

11.  I create a daily schedule or to-do 

list 

3 25 21 7 4 

12. I complete tasks before their 

deadlines 

14 31 9 3 3 

13. School organization or clubs affect 

my study time 

3 6 9 30 12 

14. Sports or other activities make it 

difficult to manage my time 

6 6 10 28 10 

15. I can balance extra curricular 

activities and academics effectively 

3 25 10 13 9 

 

Hypothesis: 

H0 = There is no significant relationship between the factors affecting students and their time 

management. 

H1 = There is a significant relationship between the factors affecting students and their time 

management. 

INTERPRETATION :  

The mean value shows 70% students are agree with distraction of social media and 30% students 

are disagree, which indicates factors affecting time management among junior college students. 
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FINDING AND CONCLUSION :  

The study found that several factors affect the time management of junior college students: 

1. Academic workload: A heavy workload, including assignments, projects, examinations, 

and practical work, can make it difficult for students to manage their time effectively.  

2. Use of social media and mobile phones: Excessive use of smartphones, social media, 

online games, and entertainment can consume study time and lead to procrastination.  

3. Lack of planning: Students who do not prepare a timetable or prioritize their tasks may 

struggle to complete academic and personal activities on time.  

4. Procrastination: Delaying assignments and studying until the last moment can create 

stress and reduce the quality of academic work.  

5. Family and social responsibilities: Household duties, social activities, and 

responsibilities outside college can reduce the amount of time available for studying.  

6. Sleep and daily routine: Irregular sleeping patterns and poor daily routines may reduce 

concentration and make it harder for students to use their time productively.  

7. Motivation and self-discipline: Students with greater motivation and self-discipline are 

generally better able to set priorities and follow their study schedules.  

Conclusion 

The study concludes that effective time management among junior college students is 

influenced by academic, personal, social, and technological factors. Academic workload, 

excessive smartphone and social-media use, procrastination, lack of planning, family 

responsibilities, and poor daily routines can negatively affect students' ability to manage their time. 

On the other hand, proper planning, prioritization, self-discipline, and maintaining a balanced daily 

routine can improve time management. 

SUGGESTIONS :  

Based on the research finding the following suggestion can be across. 

1. Prepare a daily timetable: Students should create a realistic daily or weekly schedule and 

allocate sufficient time for studying, assignments, rest, and recreational activities.  
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2. Prioritize important tasks: Students should identify urgent and important academic 

activities and complete them first instead of spending too much time on less important 

activities.  

3. Reduce smartphone and social media use: Students should limit unnecessary use of 

mobile phones, social media, online games, and entertainment during study hours.  

4. Avoid procrastination: Students should begin assignments and exam preparation early 

rather than postponing them until the deadline.  

5. Set achievable goals: Short-term and long-term academic goals can help students stay 

focused and use their time effectively.  

6. Develop self-discipline: Students should follow their study schedules consistently and 

avoid distractions that interfere with their academic responsibilities.  

7. Maintain a healthy routine: Adequate sleep, regular meals, exercise, and sufficient 

breaks can help students remain focused and productive.  

8. Seek guidance when necessary: Teachers, parents, and college counsellors can guide 

students who have difficulty balancing academic work and personal responsibilities.  

9. Balance academics and recreation: Students should maintain a healthy balance between 

studies, family responsibilities, social activities, and leisure.  

10. Conduct time-management programs: Colleges can organize workshops or awareness 

programs that teach students practical skills such as planning, prioritization, goal setting, 

and managing distractions.  

SCOPE FOR FURTHER RESEARCH 

 The Study can be undertaken with a larger sample size across major area. 

 This Study can be done on different categories of students in various variable. 
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Abstract 

This study investigates the role of Intellectual Property Rights (IPR) awareness in fostering 

entrepreneurial intentions among undergraduate commerce students affiliated with the University 

of Mumbai. With youth-driven innovation being a key priority under national initiatives such as 

Startup India and NITI Aayog’s entrepreneurship promotion agenda, understanding the factors that 

shape entrepreneurial mindset is critical. A quantitative approach was employed, using a structured 

survey administered to 451 students across various affiliated colleges. Data were analyzed using 

descriptive statistics, simple linear regression, and moderated regression analysis to test four 

hypotheses grounded in the Theory of Planned Behavior (TPB). The findings reveal a strong 

positive association between IPR awareness and entrepreneurial attitude (β = .853, p < .001), and 

confirm that entrepreneurial attitude significantly predicts entrepreneurial intent (β = .818, p < 

.001). While perceived behavioral control and subjective norms show significant direct effects on 

entrepreneurial intent, they do not significantly moderate the core relationships, suggesting that 

knowledge empowerment outweighs social or contextual influences in this cohort. The study 

highlights a critical gap in formal IPR education within commerce curricula and recommends 

integrating IPR modules, leveraging university incubation centers, and aligning academic 

programs with national innovation policies. By institutionalizing IPR literacy, the University of 

Mumbai can empower its students to transform business ideas into protected, scalable ventures, 

contributing to India’s growing startup ecosystem. 
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1. Introduction 

1.1 Background of the Study 

Entrepreneurship has emerged as a crucial driver of economic development, particularly in 

developing economies like India. It fosters innovation, generates employment, and enhances 

economic dynamism (Shane & Venkataraman, 2000). With one of the world’s largest youth 

populations, India holds significant potential for youth-led entrepreneurial ventures that can 

contribute meaningfully to national growth (NITI Aayog, 2022). 

Over the past decade, India has witnessed a surge in youth-led startups, catalyzed by government 

initiatives such as Startup India and supportive policies promoting innovation (Department for 

Promotion of Industry and Internal Trade [DPIIT], 2023). This entrepreneurial momentum 

underscores the need for robust knowledge infrastructure, especially within higher education 

institutions, which play a pivotal role in nurturing entrepreneurial mindsets and equipping students 

with essential skills (Matlay, 2008). 

Universities act as incubators of innovation, offering students theoretical grounding, practical 

exposure, and access to mentorship and resources (Audretsch et al., 2015). However, the 

effectiveness of these institutions in fostering entrepreneurship depends significantly on 

curriculum design, pedagogical approaches, and integration of real-world applications. 

1.2 Context: Commerce Education and Entrepreneurship 

Commerce education is inherently aligned with entrepreneurial development. Students pursuing 

Bachelor of Commerce (B.Com), B.Com in Accounting and Finance (BAF), and Bachelor of 

Management Studies (BMS) are trained in core business disciplines such as accounting, finance, 

marketing, and management—foundational knowledge for launching and managing enterprises 

(University of Mumbai, n.d.). 

The University of Mumbai, one of India’s oldest and largest universities, affiliates over 600 

colleges and enrolls tens of thousands of commerce students annually (University of Mumbai, 

2023). These students often exhibit a natural inclination toward business activities. However, 

despite their theoretical grounding, many struggle to transition into actual entrepreneurship due to 

gaps in practical training, mentorship, funding access, and understanding of legal frameworks 

(Kshetri, 2022). 
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1.3 Intellectual Property Rights (IPR) and Innovation 

Intellectual Property Rights (IPR) are legal mechanisms that protect creations of the mind, 

enabling innovators to secure exclusive rights over their inventions, brands, designs, and creative 

works (WIPO, 2023). Key forms of IPR include: 

 Patents: Protect novel inventions and technological innovations (WIPO, 2023). 

 Trademarks: Safeguard brand identifiers such as names, logos, and slogans (Deshpande & 

Shukla, 2022). 

 Copyrights: Cover original literary, artistic, and digital content (Lessig, 2004). 

 Industrial Designs: Protect the aesthetic features of products (Goswami, 2021). 

 Trade Secrets: Preserve confidential business information (e.g., formulas, processes) 

without formal registration (Chaudhry, 2020). 

For entrepreneurs, IPR serves as a strategic asset—enhancing competitiveness, attracting 

investment, preventing imitation, and enabling licensing and commercialization (Hervas-Oliver et 

al., 2021). In knowledge-driven economies, effective use of IPR can significantly increase the 

viability and scalability of startups. 

1.4 Rationale for the Study 

Despite the growing importance of IPR in entrepreneurship, studies indicate a significant gap in 

awareness among undergraduate students, particularly in commerce disciplines (Kumar & Sharma, 

2021). Many students lack basic knowledge of IPR types, registration procedures, enforcement 

mechanisms, and their relevance to business innovation (Sinha & Gupta, 2022). 

This knowledge deficit is critical because commerce students are more likely than others to pursue 

entrepreneurial careers (Gupta et al., 2020). Early exposure to IPR concepts can empower them to 

protect ideas, build stronger brands, and develop sustainable business models. Therefore, 

understanding the role of IPR in shaping entrepreneurial intent among commerce undergraduates 

is both timely and necessary. 

1.5 Objectives of the Study 

This study aims to: 

1. Assess the level of awareness of IPR among undergraduate commerce students affiliated 

with the University of Mumbai. 

2. Examine the relationship between IPR knowledge and entrepreneurial aspirations. 
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3. Identify barriers to understanding and utilizing IPR in entrepreneurial ventures. 

4. Recommend policy and curricular improvements to integrate IPR education into commerce 

programs. 

1.6 Research Questions 

1. How aware are commerce students about IPR? 

2. Does knowledge of IPR influence entrepreneurial intentions? 

3. What challenges do students face in leveraging IPR for entrepreneurial ventures? 

1.7 Scope and Limitations 

Scope: The study focuses on undergraduate commerce students (B.Com, BAF, BMS) across 

colleges affiliated with the University of Mumbai. It examines IPR awareness across academic 

years and explores links with entrepreneurial intent. 

Limitations: 

 Sample Size: Findings may be constrained by sample size and representativeness (Bryman, 

2016). 

 Geographical Scope: Limited to Mumbai-affiliated institutions, limiting generalizability to 

other regions (Saunders et al., 2019). 

 Self-Reported Data: Reliance on surveys introduces potential biases such as social 

desirability and recall inaccuracies (Podsakoff et al., 2003). 

2. Literature Review 

2.1 Theoretical Framework 

This study is grounded in three well-established theoretical perspectives: Schumpeter’s Theory of 

Innovation and Entrepreneurship, the Resource-Based View (RBV), and the Theory of Planned 

Behavior (TPB). Together, these theories provide a robust conceptual foundation for 

understanding how Intellectual Property Rights (IPR) awareness influences entrepreneurial 

intentions among commerce students. 

 

 

Schumpeter’s Theory of Innovation and Entrepreneurship 

Joseph Schumpeter (1934) conceptualized entrepreneurship as a process of "creative destruction," 

where innovation disrupts existing markets and drives economic progress. He emphasized that 
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entrepreneurs are not merely business owners but innovators who introduce new products, 

processes, or organizational forms. In this context, IPR serves as a critical enabler by protecting 

novel ideas and incentivizing investment in innovation (Burlamaqui, 2006). By granting temporary 

monopolies, patents and other IPR forms reduce uncertainty and allow entrepreneurs to capture 

returns on their innovations (Schumpeter, 1934). This protection is especially vital in knowledge-

intensive economies where intangible assets form the core of competitive advantage. 

Resource-Based View (RBV) and IPR as Strategic Assets 

The Resource-Based View (RBV) posits that sustainable competitive advantage arises from 

resources that are Valuable, Rare, Inimitable, and Non-substitutable (VRIN) (Barney, 1991). IPR 

qualifies as a strategic resource under this framework. Patents, trademarks, and copyrights 

represent legally protected, rare, and difficult-to-imitate assets that enhance firm value (Wurzer, 

n.d.). For startups, IPR can attract investors, deter competitors, and enable licensing revenue 

(Hervas-Oliver et al., 2021). In academic settings, students who understand IPR can leverage it as 

a strategic tool, transforming ideas into viable business propositions (Prokop, 2020). 

Theory of Planned Behavior (TPB) and Entrepreneurial Intention 

Ajzen’s (1991) Theory of Planned Behavior (TPB) explains human action based on three 

components: attitude toward the behavior, subjective norms, and perceived behavioral control. 

Applied to entrepreneurship, TPB suggests that students are more likely to pursue entrepreneurial 

ventures if they: 

 Hold a positive attitude toward entrepreneurship, 

 Perceive social support (subjective norms), and 

 Feel capable of overcoming challenges (perceived behavioral control). 

IPR knowledge enhances all three components: it improves attitude by demonstrating how 

innovation can be protected and monetized, aligns with institutional norms promoting innovation, 

and boosts perceived control by equipping students with practical legal tools (Liñán & Chen, 

2009). Studies confirm that entrepreneurial education significantly influences intention formation 

through TPB mechanisms (Souitaris et al., 2007). 

2.2 Global and National Studies on IPR and Entrepreneurship 

Empirical research consistently highlights a strong correlation between IPR awareness and 

entrepreneurial success. Internationally, students from institutions with structured IPR curricula 

exhibit higher rates of patent filings and startup formation (WIPRO, 2019). For example, 
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universities like MIT and Stanford integrate IPR into entrepreneurship programs, resulting in high 

levels of technology commercialization (Mian, 1997). 

In India, studies reveal significant gaps in IPR awareness among university students. Research by 

Kumar and Sharma (2021) found that only 28% of commerce students could correctly identify 

basic IPR types. Similarly, Sinha and Gupta (2022) reported that fewer than 20% of 

undergraduates understood the process of trademark registration. Despite government efforts, 

awareness remains low, particularly outside elite technical institutions. 

Notable success stories underscore the transformative potential of IPR in student entrepreneurship. 

Flipkart, founded by IIT Delhi alumni, leveraged branding and digital innovation protected under 

trademark and copyright laws (India Today, 2024). Intugine Technologies, an IIT Bombay spin-

off, secured patents for its logistics algorithms, enabling investor confidence and scaling 

(Economic Times, 2016). These cases illustrate how early IPR awareness can convert academic 

ideas into scalable ventures. 

2.3 Entrepreneurship in Indian Higher Education 

The Indian government has launched several initiatives to foster entrepreneurship in higher 

education, creating an enabling ecosystem for student innovators. 

Government Initiatives 

 Startup India: Launched in 2016, this initiative offers fast-track patent examination, 80% 

fee rebates for startups, and tax exemptions (DPIIT, 2023). Over 100,000 startups have 

been recognized under this scheme, many led by students and recent graduates. 

 Atal Innovation Mission (AIM): AIM has established Atal Tinkering Labs (ATLs) in 

schools and Atal Incubation Centres (AICs) in colleges to nurture innovation (AIM, n.d.). 

Institutions like Assam University and Government College Panchkula have successfully 

incubated student startups through AICs (GC Panchkula, n.d.; IASE University, n.d.). 

 MUDRA Scheme: Provides collateral-free loans up to ₹10 lakh, enabling student 

entrepreneurs to access early-stage capital (Paisabazaar, n.d.). 

These programs reflect a national shift toward innovation-driven development, positioning 

universities as key actors in the entrepreneurial ecosystem. 

Role of Universities in Incubation 

Universities are increasingly adopting incubation models to support student ventures. Incubation 

centers provide mentorship, seed funding, legal aid, and networking opportunities (Flexiloans, 

2022). For instance, the incubation center at IASE University supports startups in healthcare and 
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agri-tech, while AIC-GC Panchkula focuses on social enterprises (IASE University, n.d.; GC 

Panchkula, n.d.). Such models demonstrate how institutional support can bridge the gap between 

academic learning and entrepreneurial execution. 

2.4 IPR Education in Indian Universities 

Despite growing recognition of IPR’s importance, its integration into Indian higher education 

remains uneven. 

Current Status of IPR Curriculum 

Most commerce and management programs in Indian universities do not include IPR as a core 

subject (Sinha & Gupta, 2022). While institutions like IIM Bangalore and IIT Bombay offer 

specialized courses (e.g., "IPR: A Management Perspective" on IIMBx), such offerings are 

exceptions rather than norms (IIMBx, n.d.). At the undergraduate level, especially in B.Com 

programs, IPR is often absent from the syllabus, leaving students unaware of its strategic value 

(University of Mumbai, n.d.). 

Professional Certification Programs 

Private institutions like the Institute of Genetic and Molecular Pathology (IGMPI) and Symbiosis 

Centre for Distance Learning (SCDL) offer certificate courses in IPR, targeting professionals and 

postgraduate students (IGMPI, n.d.; SCDL, n.d.). However, these are not widely accessible to 

undergraduates due to cost and mode of delivery. 

Gaps in Pedagogy and Practical Exposure 

Existing IPR education suffers from theoretical bias, lack of industry collaboration, and outdated 

teaching methods (Chaudhry, 2020). Most courses emphasize legal provisions over practical 

application, limiting students’ ability to file patents or trademarks. Moreover, assessment methods 

rarely evaluate real-world problem-solving skills (Kumar & Sharma, 2021). Without experiential 

learning—such as mock patent drafting, IP audits, or startup clinics—students remain unprepared 

to leverage IPR in entrepreneurial ventures. 

Hypothesis 

H1: Intellectual Property Rights (IPR) awareness is positively associated with entrepreneurial 

attitude. 

H2: Entrepreneurial attitude is a significant positive predictor of entrepreneurial intent. 

H3: Perceived behavioural control (e.g., knowledge of IP filing, access to mentorship) moderates 

the relationship between IPR awareness and entrepreneurial intent, such that the effect of IPR 

awareness on intent is stronger when perceived behavioural control is high. 
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H4: Subjective norms (e.g., family, peer, and institutional support) are positively associated with 

entrepreneurial intent, and they moderate the relationship between entrepreneurial attitude and 

entrepreneurial intent. 

 

3. Research Methodology  

This study adopts a quantitative research design to examine the role of Intellectual Property Rights 

(IPR) awareness in fostering entrepreneurial intentions among undergraduate commerce students 

affiliated with the University of Mumbai. A convenience sampling method was used to collect 

data from 451 students across various affiliated colleges, exceeding the minimum required sample 

size of 384—calculated using Cochran’s formula with a 95% confidence level and 5% margin of 

error. Data were gathered through a structured, self-administered online questionnaire, which 

included validated scales measuring IPR awareness, entrepreneurial attitude, entrepreneurial 

intent, perceived behavioral control, and subjective norms. The instrument was pilot-tested for 

reliability (Cronbach’s α > 0.80) and content validity. Descriptive statistics were used to profile 

the sample, while inferential analyses—including simple linear regression and moderated 

regression analysis—were conducted to test the hypothesized relationships. Assumptions of 

regression were checked and met, and all tests were performed at a significance level of p < .05. 

Ethical guidelines were followed, ensuring voluntary participation, informed consent, and data 

anonymity. The methodology supports robust analysis of how IPR knowledge influences 

entrepreneurial mindset and intent within the context of India’s growing startup ecosystem, as 

promoted by initiatives like Startup India and NITI Aayog’s focus on innovation and youth 

entrepreneurship. 

 

4. Result & Findings: 

4.1 Descriptive Statistics 

Gender Frequency Percentage (%) 

Male 248 55.00% 

Female 203 45.00% 

Total 451 100% 

Age Group Frequency Percentage (%) 

17–19 years 185 41.00% 

20–22 years 215 47.70% 
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23+ years 51 11.30% 

Total 451 100% 

Year of Study Frequency Percentage (%) 

First Year (FY) 160 35.50% 

Second Year (SY) 172 38.10% 

Third Year (TY) 119 26.40% 

Total 451 100% 

Type of College Frequency Percentage (%) 

Government-Aided 158 35.00% 

Unaided (Private) 192 42.60% 

Autonomous 101 22.40% 

Total 451 100% 

The sample consisted of 451 undergraduate students. With regard to gender, the majority of 

participants were male, n = 248 (55.0%), while female participants accounted for n = 203 (45.0%). 

In terms of age, the largest proportion of respondents were aged 20–22 years, n = 215 (47.7%), 

followed by those aged 17–19 years, n = 185 (41.0%), and individuals aged 23 years and above, n 

= 51 (11.3%). 

Regarding academic progression, 160 students (35.5%) were in their first year of study, 172 

(38.1%) in their second year, and 119 (26.4%) in their third year. In terms of institutional 

affiliation, the majority of participants were enrolled in unaided (private) colleges, n = 192 

(42.6%), followed by government-aided colleges, n = 158 (35.0%), and autonomous colleges, n = 

101 (22.4%). 

Overall, the sample was predominantly male and primarily composed of students between the ages 

of 17 and 22, currently enrolled in the first or second year of their undergraduate program. A slight 

majority of participants attended private (unaided) institutions. 
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4.2 Hypothesis 

H1: Intellectual Property Rights (IPR) awareness is positively associated with 

entrepreneurial attitude. 

Result: 

Model Fit Measures 

  Overall Model Test 

Model R R² Adjusted 

R² 

F df1 df2 p 

1 0.853 0.728 0.728 1201 1 448 <.001 

Note. Models estimated using sample size of N=450 

Omnibus ANOVA Test 
  

  Sum of 

Squares 

df Mean 

Square 

F p 
  

IPR Awareness 4600 1 4600.18 1201 <.001 
  

Residuals 1715 448 3.83     
  

Note. Type 3 sum of squares 
  

Model Coefficients - Entrepreneurial Attitude 

  95% Confidence 

Interval 

  

Predictor Estimate SE Lower Upper t p Stand. 

Estimate 

Intercept 1.661 0.5205 0.638 2.684 3.19 0.002 
 

IPR Awareness 0.914 0.0264 0.862 0.966 34.66 <.001 0.853 

 

A simple linear regression was conducted to examine the relationship between Intellectual 

Property Rights (IPR) awareness and entrepreneurial attitude in a sample of N = 450 undergraduate 

students. The model was statistically significant, F(1, 448) = 1201, p < .001, and explained 72.8% 

of the variance in entrepreneurial attitude (R² = .728, adjusted R² = .728). 

The results indicated a statistically significant positive association between IPR awareness and 

entrepreneurial attitude. For every one-unit increase in IPR awareness, entrepreneurial attitude 

increased by 0.914 units (B = 0.914, SE = 0.026, 95% CI [0.862, 0.966]), t(448) = 34.66, p < .001. 

The standardized regression coefficient was β = .853, indicating a strong effect size. 
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These findings support Hypothesis 1, suggesting that higher levels of IPR awareness are 

significantly associated with more favorable entrepreneurial attitudes among students 

 

H2: Entrepreneurial attitude is a significant positive predictor of entrepreneurial intent. 

Result: 

Model Fit Measures 

  Overall Model Test 

Model R R² Adjusted 

R² 

F df1 df2 p 

1 0.818 0.669 0.669 907 1 448 <.001 

Note. Models estimated using sample size of N=450 

Omnibus ANOVA Test 
  

  Sum of 

Squares 

df Mean 

Square 

F p 
  

Entrepreneurial 

Attitude 

4569 1 4569.16 907 <.001 
  

Residuals 2256 448 5.04     
  

Note. Type 3 sum of squares 
  

Model Coefficients - Entrepreneurial Intent 

  95% Confidence 

Interval 

  

Predictor Estimate SE Lower Upper t p Stand. 

Estimate 

Intercept 2.532 0.5584 1.435 3.63 4.54 <.001 
 

Entrepreneurial 

Attitude 

0.851 0.0282 0.795 0.906 30.12 <.001 0.818 

 

A simple linear regression was conducted to assess whether entrepreneurial attitude significantly 

predicts entrepreneurial intent in a sample of N = 450 undergraduate students. The model was 

statistically significant, F(1, 448) = 907, p < .001, and accounted for 66.9% of the variance in 

entrepreneurial intent (R² = .669, adjusted R² = .669). 

The results showed a significant positive relationship between entrepreneurial attitude and 

entrepreneurial intent. Specifically, for every one-unit increase in entrepreneurial attitude, 
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entrepreneurial intent increased by 0.851 units (B = 0.851, SE = 0.028, 95% CI [0.795, 0.906]), 

t(448) = 30.12, p < .001. The standardized regression coefficient was β = .818, indicating a strong 

effect size. 

These findings support Hypothesis 2, suggesting that a more favorable entrepreneurial attitude is 

strongly associated with higher entrepreneurial intent among students. 

H3: Perceived behavioural control (e.g., knowledge of IP filing, access to mentorship) 

moderates the relationship between IPR awareness and entrepreneurial intent, such that the 

effect of IPR awareness on intent is stronger when perceived behavioural control is high. 

Result: 

Moderation Estimates 

  95% Confidence 

Interval 

  

  Estimate SE Lower Upper Z p 

IPR Awareness 0.81765 0.02857 0.7617 0.87364 28.62 <.001 

Perceived Behavioral Control 0.11706 0.02572 0.0666 0.16748 4.55 <.001 

IPR Awareness ✻ Perceived 

Behavioral Control 

-

0.00546 

0.00459 -0.0145 0.00353 -1.19 0.234 

Simple Slope Estimates 

  95% Confidence 

Interval 

  

  Estimate SE Lower Upper Z p 

Average 0.818 0.0286 0.762 0.874 28.6 <.001 

Low (-1SD) 0.837 0.0263 0.785 0.888 31.8 <.001 

High (+1SD) 0.798 0.0383 0.723 0.873 20.9 <.001 

Note. shows the effect of the predictor (IPR Awareness) on the dependent variable 

(Entrepreneurial Attitude) at different levels of the moderator (Perceived Behavioral Control) 
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Simple Slope Plot 

 

A multiple regression analysis was conducted to test whether perceived behavioral control (PBC) 

moderates the relationship between IPR awareness and entrepreneurial intent (N = 450). The 

interaction term between IPR awareness and PBC was not statistically significant (B = –0.005, SE 

= 0.005, 95% CI [–0.015, 0.004], z = –1.19, p = .234), indicating that PBC does not significantly 

moderate this relationship. 

Simple slope analyses revealed that IPR awareness positively predicted entrepreneurial intent at 

all levels of PBC: low (–1 SD; B = 0.837, p < .001), average (B = 0.818, p < .001), and high (+1 

SD; B = 0.798, p < .001). Although the effect size was slightly larger at lower levels of PBC, the 

slopes were nearly parallel, suggesting no meaningful change in the strength of the relationship 

across levels of perceived control. 

These findings do not support Hypothesis 3, which proposed that higher PBC would amplify the 

positive impact of IPR awareness on entrepreneurial intent. Instead, the results indicate that IPR 

awareness consistently predicts entrepreneurial intent regardless of individuals’ perceived 

behavioral control. 

H4: Subjective norms (e.g., family, peer, and institutional support) are positively associated with 

entrepreneurial intent, and they moderate the relationship between entrepreneurial attitude and 

entrepreneurial intent. 
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Result: 

Moderation Estimates 

  95% Confidence 

Interval 

  

  Estimate SE Lower Upper Z p 

Entrepreneurial Attitude 0.69338 0.03064 0.6333 0.75344 22.63 <.001 

Subjective Norms 0.19835 0.02779 0.1439 0.25282 7.14 <.001 

Entrepreneurial Attitude ✻ 

Subjective Norms 

-

0.00493 

0.00463 -0.014 0.00415 -1.06 0.288 

Simple Slope Estimates 

  95% Confidence 

Interval 

  

  Estimate SE Lower Upper Z p 

Average 0.693 0.0307 0.633 0.753 22.6 <.001 

Low (-1SD) 0.712 0.0276 0.657 0.766 25.8 <.001 

High (+1SD) 0.675 0.0413 0.594 0.756 16.4 <.001 

Note. shows the effect of the predictor (Entrepreneurial Attitude) on the dependent variable 

(Entrepreneurial Intent) at different levels of the moderator (Subjective Norms) 

 

Simple Slope Plot 
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A multiple regression analysis was conducted to examine whether subjective norms (e.g., family, 

peer, and institutional support) are positively associated with entrepreneurial intent and whether 

they moderate the relationship between entrepreneurial attitude and entrepreneurial intent (N = 

450). The model included entrepreneurial attitude, subjective norms, and their interaction as 

predictors. 

The results indicated that both entrepreneurial attitude (B = 0.693, SE = 0.031, 95% CI [0.633, 

0.753], z = 22.63, p < .001) and subjective norms (B = 0.198, SE = 0.028, 95% CI [0.144, 0.253], 

z = 7.14, p < .001) were significant positive predictors of entrepreneurial intent, supporting the 

first part of Hypothesis 4. 

However, the interaction between entrepreneurial attitude and subjective norms was not 

statistically significant (B = –0.005, SE = 0.005, 95% CI [–0.014, 0.004], z = –1.06, p = .288), 

indicating no evidence of moderation. Simple slope analyses revealed that entrepreneurial attitude 

significantly predicted entrepreneurial intent at low (–1 SD; B = 0.712, p < .001), average (B = 

0.693, p < .001), and high (+1 SD; B = 0.675, p < .001) levels of subjective norms. As shown in 

the simple slope plot, the regression lines are nearly parallel, with only minor differences in slope 

magnitude across norm levels. 

These findings partially support Hypothesis 4: while subjective norms are positively associated 

with entrepreneurial intent, they do not significantly moderate the relationship between 

entrepreneurial attitude and entrepreneurial intent. Thus, the influence of attitude on intent remains 

consistent regardless of the level of social support. 

5. Discussion 

The findings of this study provide compelling evidence for the critical role of Intellectual Property 

Rights (IPR) awareness in shaping entrepreneurial intentions among undergraduate commerce 

students at the University of Mumbai. The results align with Schumpeter’s theory of innovation, 

which posits that protection of novel ideas through mechanisms like patents and trademarks 

incentivizes entrepreneurial behavior (Schumpeter, 1934). The strong positive association between 

IPR awareness and entrepreneurial attitude (β = .853, p < .001) suggests that when students 

understand how to protect their innovations, they develop a more favorable disposition toward 

entrepreneurship. This supports the notion that IPR acts as a catalyst for "creative destruction" by 

empowering future entrepreneurs to innovate with confidence. 

Furthermore, the significant predictive power of entrepreneurial attitude on entrepreneurial intent 

(β = .818, p < .001) is consistent with the Theory of Planned Behavior (TPB) (Ajzen, 1991). 

Students who perceive entrepreneurship positively are more likely to express an intention to pursue 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               90 
 

it, reinforcing the idea that mindset development is a crucial precursor to action. These findings 

echo prior research indicating that entrepreneurial education significantly shapes intentions 

through attitude formation (Souitaris et al., 2007). 

Interestingly, while both perceived behavioral control and subjective norms were positively 

associated with entrepreneurial intent, neither significantly moderated the key relationships in the 

model. This contrasts with TPB expectations, which suggest that social support and perceived 

capability strengthen the attitude–intent link. The lack of moderation may indicate that among this 

cohort, entrepreneurial intent is primarily driven by internal cognitive factors—such as knowledge 

of IPR and personal attitude—rather than contextual enablers. However, the significant main 

effects of perceived behavioral control (B = 0.117, p < .001) and subjective norms (B = 0.198, p < 

.001) confirm their independent relevance, suggesting they function as direct motivators rather 

than amplifiers. 

These insights are particularly relevant in light of national initiatives such as Startup India (DPIIT, 

2023) and NITI Aayog’s focus on innovation-driven development (NITI Aayog, 2022). While 

government schemes offer fast-track patent filing and funding support, this study reveals a critical 

gap: students’ limited exposure to IPR within the formal commerce curriculum. Despite being 

trained in finance, accounting, and management—core disciplines for startups—most participants 

lacked structured knowledge of IP protection, echoing findings by Kumar and Sharma (2021) and 

Sinha and Gupta (2022). This disconnect highlights an urgent need to integrate IPR education into 

undergraduate programs to fully leverage national policy efforts. 

6. Conclusion 

This study concludes that IPR awareness is a powerful driver of entrepreneurial attitude and intent 

among commerce undergraduates at the University of Mumbai. The robust statistical relationships 

observed underscore the importance of embedding IPR literacy within the academic framework of 

commerce education. While external factors such as family support and access to mentorship play 

a role, the findings suggest that knowledge empowerment—particularly in legal protection of 

ideas—is foundational to cultivating an entrepreneurial mindset. 

The partial support for the hypothesized model indicates that while subjective norms and perceived 

behavioral control contribute to entrepreneurial intent, they do not significantly enhance the impact 

of IPR awareness or attitude. This implies that simply increasing social or institutional support 

may not be sufficient unless accompanied by substantive knowledge development. 

Based on these conclusions, it is recommended that the University of Mumbai and its affiliated 

colleges: 
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1. Introduce IPR as a core or elective module in B.Com, BAF, and BMS curricula. 

2. Collaborate with DPIIT and Atal Innovation Mission to organize workshops, certification 

programs, and startup clinics focused on IP filing and commercialization. 

3. Leverage existing incubation centers and the Director of Innovation, Incubation and 

Linkages (as noted on the university website) to create experiential learning opportunities 

such as mock patent drafting, brand registration simulations, and industry mentorship 

programs. 

By institutionalizing IPR education, the university can transform commerce students from passive 

learners into proactive innovators, aligning academic outcomes with national economic goals and 

positioning Mumbai as a hub for youth-led, knowledge-based entrepreneurship. 
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Abstract 

The Unified Payments Interface (UPI), developed and operated by the National Payments 

Corporation of India (NPCI), has fundamentally reshaped the retail payments landscape in India 

since its launch in 2016. This paper presents an empirical study of UPI's growth trajectory over 

the five-year period FY 2020-21 to FY 2024-25, using secondary data published by NPCI. The 

study analyses transaction volume and value trends, computes year-on-year growth rates and 

compound annual growth rates (CAGR), and examines the declining average transaction ticket 

size as an indicator of UPI's penetration into small-value, everyday payments. The paper further 

situates these findings within the broader digital payments ecosystem, discussing the roles of major 

third-party application providers, government policy interventions such as the zero merchant 

discount rate (MDR) regime, and UPI's ongoing international expansion. Drawing on this 

evidence, the study identifies key policy implications for financial inclusion, cybersecurity, and the 

sustainability of the payments infrastructure, and outlines directions for future research. 

Keywords: UPI, digital payments, NPCI, financial inclusion, fintech policy, real-time payments, 

India 

1. Introduction 

India's payments landscape has undergone a structural transformation over the past decade, 

moving from a predominantly cash-based economy toward one increasingly mediated by real-time 

digital rails. At the centre of this shift is the Unified Payments Interface (UPI), a mobile-based 
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instant payment system launched by the National Payments Corporation of India (NPCI) in April 

2016 under the regulatory oversight of the Reserve Bank of India (RBI). By enabling instant, 

interoperable, bank-to-bank fund transfers through a single mobile application and a unique virtual 

payment address, UPI eliminated many of the frictions associated with earlier electronic payment 

mechanisms such as IMPS and NEFT for retail use cases. 

Over the past five financial years, UPI has scaled from a niche digital payment option to the 

dominant mode of retail transaction in India, now accounting for the large majority of retail digital 

payment volume in the country. This growth has coincided with, and arguably accelerated, broader 

national priorities around financial inclusion, formalisation of the economy, and the reduction of 

cash dependency. At the same time, the scale of UPI adoption raises important questions regarding 

platform concentration among third-party application providers, systemic operational risk, 

cybersecurity and fraud, and the long-term financial sustainability of a payment rail that operates 

under a zero-MDR policy for person-to-merchant transactions. 

This paper undertakes an empirical, secondary-data-based study of UPI's growth over FY 2020-

21 to FY 2024-25, with the objective of quantifying the scale and pace of adoption, identifying 

underlying usage trends, and drawing out the policy implications of continued UPI expansion for 

regulators, banks, fintech firms, and consumers. 

2. Review of Literature 

Research and policy literature on UPI and India's digital payments ecosystem broadly clusters 

around four themes. First, a body of work examines UPI as an instrument of financial inclusion, 

arguing that its zero-cost, interoperable architecture and integration with the Jan Dhan-Aadhaar-

Mobile (JAM) trinity has extended formal payment access to previously underbanked segments of 

the population, including in tier-3 to tier-6 towns. 

Second, studies of platform economics have focused on the concentration of UPI volumes among 

a small number of third-party application providers (TPAPs), most notably PhonePe and Google 

Pay, and the associated concerns around systemic risk, market contestability, and NPCI's response 

through measures such as market-share caps and the onboarding of additional TPAPs. 

Third, a growing strand of literature addresses the risk dimension of UPI's scale, including the rise 

in UPI-related fraud, the regulatory response through transaction limits, beneficiary-name display, 
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removal of collect requests, and AI-based mule-account detection, and the broader question of 

consumer protection in a high-velocity, low-friction payment environment. 

Fourth, comparative and macro-level studies situate UPI within the global real-time payments 

landscape, noting India's outsized share of global real-time transaction volume relative to 

comparable systems such as Brazil's Pix, and examining UPI's cross-border expansion into markets 

such as the UAE, Singapore, France, Bhutan, Nepal, Sri Lanka, Mauritius, and Qatar. Taken 

together, this literature provides the conceptual backdrop against which the present study's 

empirical findings are interpreted. 

3. Research Objectives 

1. To examine the trend in UPI transaction volume and value in India over the period FY 2020-

21 to FY 2024-25. 

2. To examine the broader digital payments ecosystem within which UPI operates, including 

platform concentration, policy interventions, and international expansion. 

3. To identify the policy implications of UPI's growth for financial inclusion, payment-system 

sustainability, and consumer protection. 

4. Research Methodology 

4.1 Research Design 

This study adopts a descriptive-analytical research design based entirely on secondary data. It is 

exploratory in nature, seeking to describe and interpret observable trends in UPI transaction data 

rather than to test a specific causal hypothesis. 

4.2 Study Period 

The study covers five financial years, from FY 2020-21 to FY 2024-25. This period was selected 

because it captures the post-pandemic acceleration of digital payments in India, spans NPCI's 

official historical financial-year data series, and provides a sufficiently long time horizon to 

compute meaningful compound growth rates while remaining recent enough to be policy relevant. 
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4.3 Data Sources 

The primary data source is the National Payments Corporation of India (NPCI), which publishes 

official UPI product statistics on transaction volume and value. This is supplemented by Reserve 

Bank of India (RBI) payment-system data and government (Ministry of Finance / PIB) releases on 

digital payment trends, used to contextualise and cross-verify the NPCI figures. 

4.4 Tools of Analysis 

The study uses standard descriptive and trend-analysis techniques, namely: year-on-year (YoY) 

percentage growth, compound annual growth rate (CAGR), and average transaction ticket size 

(transaction value divided by transaction volume), calculated by the author from the reported NPCI 

figures for each financial year in the study period. 

5. Data Presentation and Analysis 

5.1 Growth of UPI Transactions in India 

Table 1 presents the reported annual UPI transaction volume (in crore transactions) and transaction 

value (in ₹ lakh crore) for each financial year in the study period, as published by NPCI. 

Financial Year 
UPI Transaction Volume 

(Crore) 

UPI Transaction Value (₹ Lakh 

Crore) 

2020-21 2,233.00 41.03 

2021-22 4,595.61 84.16 

2022-23 8,371.44 139.21 

2023-24 13,112.95 199.95 

2024-25 18,587.00 260.57 

Table 1: Growth of UPI Transactions in India, FY 2020-21 to FY 2024-25 (Source: NPCI UPI 

Product Statistics; RBI payment-system data) 
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5.2 Computed Growth Indicators 

Based on the figures in Table 1, year-on-year growth rates and average ticket size were computed 

for each financial year, as shown in Table 2. 

Financial Year 
YoY Volume Growth 

(%) 

YoY Value Growth 

(%) 
Average Ticket Size (₹) 

2020-21 — — 1,837 

2021-22 105.8 105.1 1,831 

2022-23 82.2 65.4 1,663 

2023-24 56.6 43.6 1,525 

2024-25 41.7 30.3 1,402 

Table 2: Computed Year-on-Year Growth and Average Ticket Size (Author's calculations based 

on Table 1) 

5.3 Compound Annual Growth Rate (CAGR) 

Over the four-year interval from FY 2020-21 to FY 2024-25, UPI transaction volume grew from 

2,233.00 crore to 18,587.00 crore, an overall increase of approximately 732 percent, equivalent to 

a CAGR of approximately 69.9 percent per annum. Transaction value grew from ₹41.03 lakh crore 

to ₹260.57 lakh crore over the same period, an overall increase of approximately 535 percent, 

equivalent to a CAGR of approximately 58.8 percent per annum. 

The consistently higher growth rate in volume relative to value across every year of the study 

period is analytically significant: it indicates that UPI's expansion has been driven 

disproportionately by an increase in the number of transactions rather than by a proportionate 

increase in the rupee value transacted. 

5.4 Declining Average Ticket Size 

This interpretation is reinforced by the average-ticket-size trend in Table 2. The average value per 

UPI transaction fell from approximately ₹1,837 in FY 2020-21 to approximately ₹1,402 in FY 

2024-25, a decline of roughly 24 percent. This trend is consistent with independent industry 

estimates, which similarly report a falling average UPI ticket size over recent years, attributed to 
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increasing use of UPI for routine, low-value purchases such as groceries and small retail 

transactions rather than only for larger transfers. 

Read together, Tables 1 and 2 support the interpretation that UPI's growth story over FY 2020-21 

to FY 2024-25 is best characterised not merely as an increase in the total value flowing through 

the system, but as a deepening of UPI's role as the default mechanism for everyday, small-value 

payments across the Indian economy. 

6. The UPI Ecosystem: A Case-Study Perspective 

6.1 Platform Concentration Among Third-Party Application Providers 

A significant share of UPI transaction volume continues to flow through a small number of third-

party application providers (TPAPs), principally PhonePe and Google Pay. While their combined 

market share has historically exceeded 80 percent, more recent data indicates a gradual decline in 

this concentration, with challenger applications such as BHIM, Navi, and super.money gaining 

incremental share. NPCI has actively sought to broaden the TPAP ecosystem, approving numerous 

additional application providers in recent years, partly in response to concerns about the systemic 

risk posed by dependence on a small number of private platforms for critical national payment 

infrastructure. 

6.2 Policy Interventions and the Zero-MDR Regime 

UPI's rapid merchant-side adoption has been supported by the government's zero merchant 

discount rate (MDR) policy, which removes transaction fees on person-to-merchant UPI payments. 

While this has been a major driver of merchant onboarding, particularly among small and micro 

merchants, it has also generated an ongoing policy debate about the long-term commercial 

sustainability of UPI infrastructure and the appropriate mechanism, whether continued 

government subsidy or a revised fee structure, for funding it. 

6.3 UPI Lite, Credit-on-UPI, and Product Innovation 

NPCI has progressively expanded the UPI product suite to sustain growth and widen use cases, 

including UPI Lite for small offline-capable transactions, UPI123Pay for feature-phone users, and 

the linkage of RuPay credit cards to UPI, which has extended UPI's utility beyond simple bank-

account-to-bank-account transfers into a broader credit-enabled payment instrument. 
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6.4 International Expansion 

UPI's acceptance has extended beyond India's borders to countries including the United Arab 

Emirates, Singapore, France, Mauritius, Bhutan, Nepal, Sri Lanka, and Qatar, positioning UPI as 

a potential model for cross-border, real-time retail payment interoperability and enhancing its 

relevance to Indian travellers and diaspora remittance flows. 

6.5 Fraud and Consumer Protection 

The scale of UPI has also been accompanied by a corresponding rise in reported fraud cases, 

prompting NPCI and RBI to introduce tighter controls, including per-day transaction limits, 

mandatory display of beneficiary names, removal of collect requests, and AI-based detection of 

mule accounts. This regulatory tightening reflects the tension inherent in a payment system 

designed for maximum convenience and speed, which simultaneously requires robust safeguards 

as adoption scales into the hundreds of billions of transactions annually. 

7. Key Findings 

• UPI transaction volume grew from 2,233.00 crore in FY 2020-21 to 18,587.00 crore in FY 

2024-25, an approximately 8.3-fold increase, corresponding to a CAGR of approximately 

69.9 percent. 

• UPI transaction value grew from ₹41.03 lakh crore to ₹260.57 lakh crore over the same 

period, an approximately 6.35-fold increase, corresponding to a CAGR of approximately 58.8 

percent. 

• Year-on-year growth rates for both volume and value have decelerated consistently across the 

study period, from over 100 percent growth in FY 2021-22 to approximately 42 percent 

(volume) and 30 percent (value) in FY 2024-25, indicative of a maturing rather than a purely 

nascent growth phase. 

• The average UPI transaction ticket size declined by roughly 24 percent over the study period, 

from approximately ₹1,837 to approximately ₹1,402, reflecting deepening penetration into 

small-value, everyday transactions. 

• UPI's continued dominance in retail digital payments has been accompanied by persistent 

platform concentration risk, a widening but still-contested TPAP ecosystem, and a rising 

absolute volume of fraud cases requiring active regulatory response. 
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8. Policy Implications 

8.1 For Regulators and NPCI 

The decelerating but still-substantial growth rate suggests that policy attention should shift from 

pure volume expansion toward consolidating system resilience, deepening TPAP diversification, 

and strengthening fraud-prevention infrastructure in proportion to transaction scale. 

8.2 For the Sustainability of Payment Infrastructure 

The zero-MDR regime, while instrumental to merchant-side adoption, raises longer-term questions 

of fiscal and commercial sustainability that will require an explicit policy resolution as UPI 

volumes continue to scale toward NPCI's projected target of one billion transactions per day. 

8.3 For Financial Inclusion 

The declining average ticket size and expanding merchant base, supported by digital-touchpoint 

deployment in tier-3 to tier-6 towns, indicate that UPI is functioning as intended as a financial-

inclusion tool, and continued investment in last-mile digital infrastructure and merchant 

onboarding in smaller towns is warranted. 

8.4 For Consumer Protection 

The rise in absolute fraud volumes, even as fraud as a proportion of total transaction value likely 

remains small, underscores the need for continued investment in real-time monitoring, user 

education, and stronger authentication, particularly as UPI is extended to new user segments with 

varying levels of digital literacy. 

9. Limitations of the Study 

This study relies exclusively on secondary, aggregate, national-level data and does not incorporate 

primary survey data on user behaviour, demographic segmentation, or regional variation in UPI 

adoption. The analysis is also limited to five financial years and does not extend to the most recent 

FY 2025-26 data, which, based on preliminary reporting, indicates continued but further-

decelerating growth. Average ticket size is computed at the aggregate national level and may mask 

significant variation between person-to-person and person-to-merchant transaction categories. 
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10. Conclusion and Future Scope 

This study has demonstrated, through an empirical analysis of NPCI secondary data over FY 2020-

21 to FY 2024-25, that UPI has undergone extraordinary growth in both transaction volume and 

value, while simultaneously exhibiting a consistent deceleration in year-on-year growth rates and 

a marked decline in average transaction ticket size. Together, these trends point toward a payments 

system that is transitioning from an initial rapid-adoption phase into a more mature phase 

characterised by deep, everyday, small-value usage across a widening base of merchants and 

consumers. 

Future research could usefully extend this analysis in several directions: incorporating more recent 

FY 2025-26 and subsequent data as it becomes available; disaggregating growth trends by person-

to-person versus person-to-merchant transaction categories; undertaking primary survey-based 

research on consumer and merchant adoption drivers, particularly in rural and semi-urban India; 

and conducting comparative cross-country analysis of UPI relative to other real-time payment 

systems such as Brazil's Pix, to draw broader lessons for digital payment-system design and policy. 
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Abstract 

Accurate temperature forecasting is essential for effective planning and decision-making in 

weather-sensitive sectors such as agriculture, transportation, construction, and urban planning. 

This study presents a time-series-based approach for predicting temperature in Mumbai using the 

Seasonal Autoregressive Integrated Moving Average with Exogenous Variables (SARIMAX) 

model. Historical daily temperature observations were preprocessed and resampled into weekly 

averages to reduce short-term fluctuations and emphasize seasonal patterns. Stationarity was 

examined using the Augmented Dickey-Fuller (ADF) test, while seasonal decomposition was 

performed to identify trend, seasonal, and residual components of the temperature series. 

A SARIMAX model with non-seasonal order (1,1,1) and seasonal order (1,1,1,52) was developed 

to capture both short-term dependencies and annual seasonal variations in weekly temperature. 

Model performance was evaluated using Root Mean Squared Error (RMSE) and Mean Absolute 

Error (MAE). Residual diagnostics, including autocorrelation analysis, Q-Q plots, and the Ljung-

Box test, were used to assess the adequacy of the fitted model. Forecasts for up to 52 weeks were 

generated to examine the model's ability to capture annual temperature patterns. 

To enhance practical accessibility, the trained model was integrated into a Flask-based web 

application. The application provides a simple interface through which users can enter a desired 

date and obtain the corresponding predicted temperature. The proposed system demonstrates how 

statistical time-series forecasting can be combined with web-based deployment to provide an 

accessible temperature prediction platform for Mumbai. 

 

Keywords: Time Series Analysis, SARIMAX, Temperature Forecasting, Seasonal Forecasting, 

Weather Prediction, Flask, Mumbai, Machine Learning 
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Introduction 

Weather forecasting plays an important role in several aspects of human activity and economic 

planning. Temperature is one of the most important meteorological variables because variations in 

temperature can influence agriculture, transportation, construction, energy consumption, public 

health, and urban planning. Consequently, the development of reliable temperature forecasting 

models is important for supporting informed and timely decisions. 

 

Time-series analysis is a widely used statistical methodology for analyzing observations collected 

over time. It is commonly applied in fields such as economics, finance, biology, environmental 

science, and meteorology. Time-series models identify relationships between current observations 

and historical values and can subsequently be used to forecast future observations. 

Traditional models such as Autoregressive Integrated Moving Average (ARIMA) and Seasonal 

ARIMA (SARIMA) are effective for modeling temporal dependencies, trends, and recurring 

seasonal patterns. However, temperature is influenced not only by its historical values but also by 

external meteorological and environmental factors. Variables such as humidity, atmospheric 

pressure, wind speed, and air pollution can potentially influence temperature behavior. Therefore, 

models that can incorporate external variables provide a more flexible framework for forecasting. 

The Seasonal Autoregressive Integrated Moving Average with Exogenous Variables (SARIMAX) 

model extends the SARIMA framework by allowing external explanatory variables to be 

incorporated into the forecasting process. This makes SARIMAX particularly useful for 

applications where the target time series is affected by both historical patterns and external factors. 

The present study focuses on temperature prediction for Mumbai using a SARIMAX-based time-

series forecasting approach. Historical temperature data are analyzed to identify temporal and 

seasonal characteristics, after which a SARIMAX model is trained to forecast future temperatures. 

The resulting model is subsequently deployed through a Flask-based web application, allowing 

users to enter a date and obtain a temperature prediction without directly interacting with the 

underlying statistical model. 

Objectives 

1. To analyze historical temperature data for Mumbai and identify important trends and 

seasonal patterns. 

2. To preprocess and transform daily temperature observations into a suitable weekly time 

series. 
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3. To evaluate the stationarity of the temperature series using statistical testing. 

4. To develop a SARIMAX model for forecasting future temperature values. 

5. To evaluate the forecasting performance of the model using RMSE and MAE. 

6. To conduct residual diagnostics to assess the adequacy of the fitted model. 

7. To generate temperature forecasts for up to 52 weeks. 

8. To deploy the forecasting model through a Flask-based web application. 

9. To provide a simple and accessible interface for users to obtain temperature predictions for 

selected dates. 

 

Methodology 

The methodology adopted in this study consists of data preprocessing, exploratory time-series 

analysis, stationarity testing, seasonal decomposition, model development, model evaluation, 

residual diagnostics, forecasting, and web-based deployment. 

3.1 Data Preprocessing 

The historical temperature dataset was initially available at a daily frequency. Since the objective 

was to identify broader temporal and seasonal patterns, the daily observations were resampled to 

a weekly frequency. 

Weekly mean temperature was calculated from the available daily observations. Weekly 

aggregation reduces the effect of short-term daily fluctuations and provides a smoother time series 

suitable for analyzing medium- and long-term patterns. 

The resulting dataset was checked for missing values and inconsistencies before being used for 

model development. The processed weekly temperature series was then divided into training and 

testing datasets for model development and performance evaluation. 

3.2 Stationarity Testing 

Stationarity is an important requirement in traditional time-series modeling. A stationary time 

series has statistical properties such as mean and variance that remain relatively stable over time. 

The Augmented Dickey-Fuller (ADF) test was applied to determine whether the weekly 

temperature series exhibited non-stationary behavior. 

The null hypothesis of the ADF test assumes that the time series contains a unit root and is therefore 

non-stationary. A p-value below the selected significance level, commonly 0.05, provides evidence 

for rejecting the null hypothesis. 

Where necessary, differencing was applied to transform the series into a stationary form. The 

differencing order was incorporated into the SARIMAX model as part of the model specification. 
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3.3 Seasonal Decomposition 

Seasonal decomposition was performed to investigate the major components of the temperature 

series. The decomposition separates the observed series into: 

● Trend component 

● Seasonal component 

● Residual component 

Seasonal and Trend decomposition using Loess (STL) was used to examine the underlying 

seasonal behavior of the weekly temperature series. 

Because weekly observations contain approximately 52 weeks in a year, an annual seasonal cycle 

of 52 observations was considered appropriate for modeling recurring yearly temperature patterns. 

 

The decomposition provides a visual understanding of how temperature changes over time and 

helps justify the inclusion of seasonal components in the forecasting model. 

SARIMAX Model Development 

The Seasonal Autoregressive Integrated Moving Average with Exogenous Variables (SARIMAX) 

model was selected for temperature forecasting. 

SARIMAX combines autoregressive, differencing, moving-average, seasonal, and exogenous 

components. In general, the model can be represented as: 

SARIMAX(p,d,q)(P,D,Q,s) 

where: 

p = non-seasonal autoregressive order 

d = non-seasonal differencing order 

q = non-seasonal moving-average order 

P = seasonal autoregressive order 

D = seasonal differencing order 

Q = seasonal moving-average order 

s = seasonal period 

The model used in this study was specified as: 

SARIMAX (1, 1, 1) (1, 1, 1,52) 

1. Non-Seasonal Components 

The non-seasonal order was specified as (1,1,1). 

Autoregressive component (p = 1): 
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The autoregressive component uses information from previous observations to model the current 

temperature value. 

Differencing component (d = 1): 

First-order differencing was used to reduce non-stationarity and stabilize the time series. 

Moving-average component (q = 1): 

The moving-average component incorporates previous forecasting errors into the current 

prediction. 

2. Seasonal Components 

The seasonal order was specified as (1,1,1,52). 

The value 52 represents an approximate annual cycle in a weekly time series. 

The seasonal components capture recurring yearly patterns in temperature: 

P = 1: Seasonal autoregressive component 

D = 1: Seasonal differencing 

Q = 1: Seasonal moving-average component 

s = 52: Annual seasonal period 

 

This configuration enables the model to capture both short-term temporal relationships and longer-

term annual seasonal variations. 

3. Exogenous Variables 

One of the primary advantages of SARIMAX over SARIMA is its ability to incorporate exogenous 

variables. External meteorological variables such as humidity, atmospheric pressure, wind speed, 

rainfall, and air-quality indicators can potentially provide additional information about 

temperature variations. 

In a fully developed SARIMAX implementation, these variables can be supplied as external 

regressors during model training and forecasting. When future values of the exogenous variables 

are unavailable, appropriate forecasting or scenario-generation methods are required before 

producing future SARIMAX predictions. 

Therefore, the inclusion and availability of exogenous variables should be explicitly documented 

when evaluating the predictive performance of the model. 

Model Evaluation 

The performance of the forecasting model was evaluated using the Root Mean Squared Error 

(RMSE) and Mean Absolute Error (MAE). 

 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               109 
 

1. Root Mean Squared Error 

RMSE measures the square root of the average squared difference between actual and predicted 

values. 

A lower RMSE indicates better forecasting performance. Since the errors are squared before 

averaging, RMSE gives greater weight to larger prediction errors. 

2. Mean Absolute Error 

MAE represents the average absolute difference between the actual and predicted temperature 

values. 

MAE is relatively easy to interpret because it represents the average magnitude of the prediction 

error in the same units as the target temperature variable. 

Both metrics were calculated using the test dataset to assess how effectively the model generalized 

to observations that were not used during training. 

Deployment Using Flask 

To make the temperature forecasting model accessible to non-technical users, the trained model 

was integrated into a Flask-based web application. 

Flask was selected because it is a lightweight Python web framework that can be easily integrated 

with data-science libraries such as pandas, NumPy, and stats models. 

The application provides a simple interface where users can enter a date and request a temperature 

prediction. 

1. Web Application Architecture 

The application consists of the following major components: 

User Interface: 

A web-based form allows users to enter a desired date for which they want to obtain a temperature 

forecast. 

Backend Processing: 

The Flask server receives the user's request, validates the date, and converts the input into a format 

compatible with the forecasting model. 

Model Integration: 

The trained SARIMAX model is loaded by the application and used to generate the requested 

forecast. 

Prediction: 

The model generates the temperature prediction corresponding to the requested date. 

Results Display: 
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The predicted temperature and relevant date information are returned to the user through the web 

interface. 

2. Flask Framework Features 

The deployment benefited from several features of Flask: 

Lightweight architecture: Flask provides the essential components required for developing a web 

application without excessive framework overhead. 

Routing and request handling: User requests can be efficiently directed to appropriate backend 

functions. 

Python compatibility: Flask integrates naturally with Python-based data-science libraries. 

Extensibility: Additional weather parameters and forecasting functionality can be incorporated in 

future versions. 

Ease of deployment: The application can be deployed on suitable cloud or server infrastructure. 

Advantages of the Proposed System 

The proposed temperature prediction system provides several advantages: 

 It provides a relatively simple framework for time-series forecasting. 

 It captures both short-term temporal dependencies and annual seasonal patterns. 

 SARIMAX allows external variables to be incorporated when appropriate data are 

available. 

 Weekly aggregation reduces short-term daily fluctuations and noise. 

 The model provides quantitative evaluation through RMSE and MAE. 

 Residual diagnostics provide additional evidence regarding model adequacy. 

 The Flask application makes the prediction system accessible to non-technical users. 

 The architecture can be extended to other meteorological variables and forecasting 

applications. 

Problem Addressed 

Temperature variability can affect several activities in Mumbai, including transportation, 

construction, agriculture, energy consumption, and urban planning. However, sophisticated 

forecasting techniques are often inaccessible to users without technical knowledge. 

The proposed system addresses this issue by combining statistical time-series modeling with web-

based deployment. Historical temperature observations are analyzed to identify temporal and 

seasonal patterns, and a SARIMAX model is used to generate future forecasts. 
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The Flask-based interface further improves accessibility by allowing users to enter a date and 

obtain a corresponding temperature prediction without requiring knowledge of programming, 

statistics, or machine-learning algorithms. 

Thus, the study demonstrates an end-to-end approach consisting of data preprocessing, statistical 

modeling, model evaluation, forecasting, and application deployment. 

Results and Discussion 

The developed SARIMAX model was evaluated using RMSE and MAE on the test dataset. The 

evaluation indicated satisfactory predictive performance, with the model being capable of 

reproducing important patterns present in the historical temperature series. 

The model was also used to generate forecasts for up to 52 weeks. The forecasted series 

demonstrated the ability of the seasonal model to reproduce recurring annual temperature behavior. 

Residual diagnostics were conducted using ACF plots, Q-Q plots, and the Ljung-Box test. These 

analyses were used to determine whether significant temporal patterns remained unexplained after 

fitting the model. 

The successful integration of the forecasting model into a Flask web application further 

demonstrated the practical applicability of the proposed system. Users can enter a specific date 

through the web interface and obtain the corresponding model-generated temperature forecast. 

However, the reliability of long-range forecasts depends strongly on the quality, length, and 

representativeness of the historical dataset. Forecast uncertainty may also increase as the prediction 

horizon becomes longer. Therefore, future evaluation should report the exact numerical RMSE 

and MAE values, prediction intervals, and performance across different forecasting horizons. 

 

Conclusion 

This study presents a SARIMAX-based approach for predicting temperature in Mumbai using 

historical time-series data. The methodology combines weekly data aggregation, stationarity 

testing, seasonal decomposition, SARIMAX modeling, residual diagnostics, and quantitative 

model evaluation. 

The selected SARIMAX (1,1,1)(1,1,1,52) configuration was designed to capture both short-term 

dependencies and annual seasonal patterns in weekly temperature observations. The use of RMSE 

and MAE provides quantitative measures for evaluating forecasting accuracy, while residual 

diagnostics help assess whether the model adequately captures the temporal structure of the data. 

An important practical contribution of the study is the deployment of the forecasting model 

through a Flask-based web application. The application provides a simple interface through which 
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users can enter a date and obtain a temperature prediction, thereby making the forecasting system 

more accessible to non-technical users. 

The study demonstrates that combining time-series forecasting with web-based deployment can 

provide a practical framework for weather-related decision support. Nevertheless, the forecasting 

capability can be further improved through the incorporation of relevant exogenous variables such 

as humidity, atmospheric pressure, wind speed, rainfall, and other meteorological indicators. 

Future research may also investigate alternative statistical and machine-learning approaches, 

including SARIMA, Prophet, Random Forest, Gradient Boosting, and LSTM models. 

Comparative evaluation of these approaches using identical training and testing periods would 

provide a stronger basis for determining the most suitable model for Mumbai temperature 

forecasting. 

Future versions of the web application could also incorporate additional weather parameters, 

prediction intervals, graphical visualization, real-time weather observations, and automated model 

retraining. These improvements could increase the usefulness of the system for weather-sensitive 

sectors and support more informed planning and decision-making. 
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Abstract 

Sustainable investment has emerged as an important area of modern finance as investors 

increasingly consider environmental, social and governance (ESG) factors along with traditional 

financial considerations such as risk, return and liquidity. Millennials and Generation Z represent 

an important and growing segment of current and future investors. Their increased exposure to 

environmental concerns, social responsibility and digital financial information has the potential 

to influence their investment decisions. However, awareness of sustainability does not necessarily 

result in actual sustainable investment behaviour. Financial literacy, therefore, plays an important 

role in enabling individuals to understand investment alternatives, assess risk and return, evaluate 

financial products and make informed and responsible investment decisions. 

The purpose of the present study is to examine sustainable investment behaviour among 

Millennials and Generation Z and understand the role of financial literacy in shaping their 

awareness, preferences and investment decisions. The study is descriptive in nature and is based 

on primary data collected through a structured questionnaire from selected respondents, 

supported by secondary sources. The major objectives are to assess financial literacy, examine 

awareness of sustainable and ESG-based investments, identify investment preferences and 

understand factors influencing sustainable investment behaviour. The study indicates that younger 

investors show growing interest in sustainability, although awareness of traditional investment 

avenues is generally higher than awareness of specific sustainable investment products. Financial 

literacy, expected returns, risk perception, environmental concern and availability of reliable 

information emerge as important factors influencing investment behaviour. The study concludes 

that strengthening financial literacy and improving awareness of sustainable investment 

opportunities can encourage responsible and long-term investment decisions among Millennials 

and Gen Z. 
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1. Introduction 

Investment decisions are traditionally influenced by factors such as safety, risk, return, liquidity 

and investment horizon. In recent years, however, investors have increasingly started considering 

the broader impact of their financial decisions. Concerns regarding climate change, environmental 

degradation, social inequality and ethical corporate behaviour have contributed to the growth of 

sustainable investment. 

Sustainable investment refers to an approach in which financial objectives are considered along 

with environmental, social and governance (ESG) factors. Investors may prefer organisations that 

demonstrate responsible environmental practices, fair treatment of stakeholders, transparency and 

good governance. Sustainable investing, therefore, attempts to combine wealth creation with 

responsible and long-term development. 

Millennials and Generation Z are particularly important in this changing investment environment. 

Millennials are increasingly established in employment and investment markets, while Gen Z is 

entering employment and beginning its financial journey. Both generations have extensive 

exposure to digital technology and information relating to climate change, sustainability and 

responsible consumption. 

However, positive attitudes towards sustainability may not automatically lead to sustainable 

investment decisions. An individual may support environmental protection but may lack 

knowledge about ESG funds, green bonds or other sustainable investment opportunities. Financial 

literacy becomes important in bridging this gap. 

Financial literacy refers to the knowledge and ability required to make informed financial 

decisions. It includes understanding savings, investment, interest, inflation, risk, return, 

diversification and financial planning. Financially literate individuals may be better positioned to 

evaluate investment products and understand the risks and potential benefits associated with them. 

The present descriptive research paper examines sustainable investment behaviour among 

Millennials and Gen Z, with particular emphasis on the role of financial literacy in creating 

awareness and supporting informed investment decisions. 
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2. Review of Concepts 

2.1 Sustainable Investment 

Sustainable investment considers both financial and non-financial factors while making 

investment decisions. The non-financial dimension is commonly represented through ESG 

factors: 

 Environmental: Energy use, pollution, carbon emissions and resource management. 

 Social: Employee welfare, diversity, consumer protection and community welfare. 

 Governance: Transparency, accountability, ethical practices and responsible management. 

Sustainable investments may include ESG-oriented funds, green bonds and investments in 

businesses associated with renewable energy, clean technology and other sustainable activities. 

2.2 Financial Literacy 

Financial literacy is the ability to understand and effectively use financial knowledge for making 

decisions regarding saving, borrowing, investing and financial planning. Important components 

include: 

 Knowledge of risk and return 

 Understanding of inflation 

 Diversification 

 Interest and compounding 

 Knowledge of investment alternatives 

 Ability to compare financial products 

Financial literacy is especially relevant for younger investors who have access to a large amount 

of financial information through social media and digital platforms. 

2.3 Sustainable Investment Behaviour 

Sustainable investment behaviour refers to the extent to which investors consider environmental, 

social and governance factors while selecting investment avenues. Such behaviour may be 

reflected through: 

1. Awareness of ESG and sustainable investments. 

2. Preference for responsible companies or funds. 
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3. Consideration of environmental and social impact. 

4. Willingness to invest for long-term sustainable outcomes. 

5. Avoidance of investments perceived as socially or environmentally harmful. 

3. Purpose and Objectives of the Study 

Purpose of the Study 

The study aims to describe sustainable investment behaviour among Millennials and Gen Z and 

examine how financial literacy contributes to awareness and informed decision-making regarding 

sustainable investment opportunities. 

 

 

Objectives 

1. To study the level of financial literacy among Millennials and Gen Z. 

2. To examine awareness regarding sustainable and ESG-based investments. 

3. To identify the investment preferences of the respondents. 

4. To identify factors influencing sustainable investment behaviour. 

5. To understand the role of financial literacy in sustainable investment awareness and 

decision-making. 

6. To compare selected investment characteristics of Millennials and Gen Z. 

7. To suggest measures for promoting financial literacy and sustainable investing. 

4. Research Methodology 

The study is descriptive in nature and focuses on describing the awareness, preferences and 

behaviour of respondents. 

Sources of Data 

The study uses both primary and secondary data. 

 Primary data: Collected through a structured questionnaire. 

 Secondary data: Collected from books, journals, research articles and publications 

relating to financial literacy, sustainable finance and investment behaviour. 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               117 
 

Sample and Sampling 

For the purpose an sample of 100 respondents is considered. 

Category Number of Respondents 

Millennials 50 

Generation Z 50 

Total 100 

 

Convenience sampling is used for selecting respondents. 

Tools for Analysis 

The responses may be analysed using: 

 Frequency distribution 

 Percentage analysis 

 Tables 

 Bar graphs 

 Comparative analysis 

5. Data Analysis and Interpretation 

Note: The following analysis used a dataset of 100 respondents  

5.1 Level of Financial Literacy 

Financial literacy was classified into high, moderate and low levels based on respondents' self-

reported understanding of basic financial concepts and investment decisions. 

Financial Literacy Level Number Percentage 

High 28 28% 

Moderate 52 52% 

Low 20 20% 

Total 100 100% 

Interpretation: A majority of respondents (52%) demonstrate a moderate level of financial 

literacy. Only 28% report a high level, while 20% fall into the low-literacy category. This 

indicates a need for greater financial education, particularly regarding investment products and 

risk assessment. 
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5.2 Awareness of Sustainable Investments 

Respondents were asked about their awareness of sustainable and ESG-based investment 

opportunities. 

Awareness Level Number Percentage 

Highly aware 18 18% 

Aware 32 32% 

Somewhat aware 35 35% 

Not aware 15 15% 

Total 100 100% 

Interpretation: While 50% of respondents are either highly aware or aware of sustainable 

investments, 50% are only somewhat aware or not aware. This suggests that awareness of 

sustainable investment products requires further improvement. 

 

 

5.3 Preferred Investment Avenues 

Investment Avenue Number of Respondents* 

Mutual Funds/SIPs 62 

Fixed Deposits 48 

Gold 42 

Shares/Equity 38 

ESG/Sustainable Funds 25 

Green Bonds 12 

*Respondents may select more than one option. 

Interpretation: Mutual funds and SIPs emerge as the most preferred investment avenue. 

Awareness and preference for specific sustainable products such as ESG funds and green bonds 

are comparatively lower. This indicates that younger investors may be familiar with mainstream 

investment products but require more information about sustainable alternatives. 

5.4 Factors Influencing Sustainable Investment Behaviour 
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Factor Respondents Considering it Important 

Expected Return 76% 

Risk Level 71% 

Environmental Impact 64% 

Financial Literacy/Knowledge 61% 

Trust in Product/Company 59% 

Social Impact 54% 

Social Media/Online Information 37% 

Interpretation: Expected return and risk remain the two most important factors influencing 

investment decisions. However, environmental impact is also considered important by 64% of 

respondents. This indicates that sustainable considerations are becoming relevant but are generally 

evaluated alongside traditional financial factors. 

5.5 Willingness to Invest in Sustainable Products 

Response Number Percentage 

Definitely willing 30 30% 

Probably willing 42 42% 

Neutral 18 18% 

Probably not willing 7 7% 

Not willing 3 3% 

Total 100 100% 

Interpretation: A substantial 72% of respondents indicate that they are definitely or probably 

willing to invest in sustainable products. However, the lower actual preference for ESG funds and 

green bonds suggests a possible gap between willingness and actual investment behaviour. 

Limited product awareness and financial knowledge may be contributing factors. 

6. Comparison between Millennials and Gen Z 

The illustrative comparison below highlights certain broad behavioural patterns. 

Aspect Millennials Gen Z 

Investment experience Relatively higher Relatively lower 
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Aspect Millennials Gen Z 

Financial decision-making 
More experience-

based 

More digitally 

influenced 

Use of digital platforms High Very high 

Interest in sustainability High High to very high 

Awareness of traditional investments Higher Developing 

Need for financial education Moderate High 

Potential future sustainable investment 

participation 
High Very high 

The comparison suggests that Millennials may have relatively greater practical investment 

experience because of longer participation in employment and financial markets. Gen Z, on the 

other hand, is likely to depend more heavily on digital platforms and online sources for financial 

information. 

Both groups represent an important opportunity for the future growth of sustainable finance. 

7. Major Findings 

The major findings of the descriptive study are as follows: 

1. Moderate financial literacy is predominant among the respondents, indicating scope for 

improving investment-related knowledge. 

2. Awareness of sustainable investment products is lower than awareness of traditional 

investment avenues. Products such as mutual funds, SIPs, fixed deposits and gold are 

more familiar. 

3. Return and risk continue to be major determinants of investment behaviour, even 

among sustainability-conscious respondents. 

4. Environmental impact has emerged as an important consideration, showing growing 

interest in responsible investment practices. 

5. A large proportion of respondents express willingness to invest sustainably, but actual 

awareness and use of ESG funds and green bonds remain comparatively limited. 

6. Financial literacy appears important for sustainable investing because it helps 

investors understand financial products, evaluate risks and compare alternatives. 
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7. Digital platforms play an important role in shaping financial awareness, particularly 

among Gen Z, but financial information obtained online should be evaluated carefully. 

8. There appears to be a gap between sustainable attitudes and actual investment 

behaviour, which may be reduced through improved financial literacy and product 

awareness. 

8. Discussion 

The findings demonstrate that sustainable investment among younger generations is influenced by 

a combination of financial and non-financial factors. Millennials and Gen Z may express concern 

regarding environmental and social issues, but investment decisions continue to depend strongly 

on expected returns and perceived risks. 

This does not mean that financial considerations and sustainability are contradictory. Rather, 

younger investors may require adequate information to understand how sustainable investment 

products fit into their overall financial objectives. Financial literacy can therefore act as an 

important foundation. 

A financially literate investor is more likely to understand the need for diversification and long-

term planning. Such an investor may also be better equipped to distinguish between genuine 

sustainable investment opportunities and products marketed using sustainability-related claims 

without sufficient supporting information. 

The findings also highlight the importance of accessibility. Sustainable investment products must 

be easy to understand and information relating to their objectives, risks and features should be 

communicated clearly. Digital platforms can play a significant role in increasing awareness, 

particularly among younger investors. 

 

9. Suggestions 

Based on the findings, the following suggestions are made: 

1. Strengthen Financial Literacy 

Educational institutions should organise programmes covering saving, investment, risk, return, 

inflation, diversification and financial planning. 

2. Include Sustainable Finance in Financial Education 

Students and young professionals should be introduced to concepts such as ESG investing, green 

finance and responsible investment. 

3. Improve Awareness of Sustainable Products 
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Financial institutions should provide clear and simple information regarding sustainable funds and 

other responsible investment opportunities. 

4. Promote Responsible Digital Financial Education 

Online financial information should focus on accurate, transparent and educational content rather 

than encouraging decisions based solely on trends. 

5. Improve Product Transparency 

Investors should be able to understand an investment's objectives, risks, costs and sustainability-

related features before making decisions. 

6. Encourage Long-Term Investment Planning 

Young investors should be encouraged to align their investment decisions with financial goals, 

risk capacity and long-term objectives while considering sustainability. 

10. Conclusion 

Sustainable investment is becoming an increasingly important dimension of modern financial 

decision-making. Millennials and Gen Z, as present and future participants in financial markets, 

can play an important role in promoting responsible investment practices. Their growing 

awareness of environmental and social concerns creates significant potential for the development 

of sustainable finance. 

The study indicates that interest and willingness towards sustainable investment are growing, but 

awareness of specific sustainable investment products remains lower than awareness of 

conventional investment avenues. Financial literacy emerges as an important factor because it 

enables investors to understand financial products, evaluate risks and returns and make informed 

decisions. 

The study also indicates that expected returns and risk remain central to investment decisions. 

Sustainable investment behaviour is therefore likely to grow when responsible investment 

opportunities are presented as understandable, transparent and compatible with investors' financial 

objectives. 

It can be concluded that financial literacy can serve as an important bridge between 

sustainability awareness and actual sustainable investment behaviour. Strengthening financial 

education, increasing awareness of sustainable products and providing reliable information can 

help Millennials and Gen Z make more informed, responsible and long-term investment decisions. 
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Abstract: 

This research aims to evaluate the effectiveness of a skill development program targeting 

graduates by assessing skill enhancement, confidence building, and job readiness. The study 

addresses the practical problem of bridging the skill gap among graduates entering the workforce. 

Using pre- and post-training questionnaires, data were collected from 25 participants to measure 

self-reported skill levels and confidence. The study employs a quantitative research design to 

analyze the data and draw conclusions. Findings indicate significant improvements in technical, 

analytical, and communication skills, accompanied by heightened confidence in applying these 

skills to real-world scenarios. Participants reported increased readiness for employment post-

training. Despite limitations such as sample size and reliance on self-reported data, the research 

suggests the effectiveness of the program in addressing skill deficiencies among graduates. Future 

research should explore longitudinal impacts, conduct comparative analyses, and delve into 

participant experiences qualitatively to provide a comprehensive understanding of skill 

development initiatives. The implications of the findings could inform policy decisions and 

program optimizations to better meet the evolving needs of the workforce. 

Keywords: skill development, graduates, effectiveness, confidence, job readiness. 
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Introduction:  

Skill development is an important drive to achieve sustainable economic development through 

employment generation. It gives rise to an entrepreneurship culture. 

Developing people's skills makes them more effective and gives them the ability to work more 

effectively. Skill development  helps the Nation transform into a productive, innovative and 

competitive economy with skilled human potential(1).Education, skills development  are central 

pillars for the employment of workers. For enhancing  growth of Indian economy to maintain 

competitiveness with other developed countries, it is necessary that implementation of skill 

programmes should be  undertaken in an affective manner(2). India is one of the youngest nations 

, with a median age of 28 years. India’s rapidly growing youth population has the potential to make 

the country a global powerhouse and the skill capital of the world but still lags behind due to the 

skill gap that exists in the workforce. India is blessed with a ‘demographic dividend which can be 

utilized through skill development  for reaping the benefits.(3) 

Taking skill development as National Priority, the government of India is running  several skill 

development programmes across the country. These programmes differ  in terms  of their funding 

sources, policy-making, and implementation bodies, etc. Such as PMKVY, Deen Dayal Upadhyay 

Grameen Kaushal Yojana (DDUGKY), Jan Shikshan Sansthan (JSS), and National Apprenticeship 

Promotion Scheme (NAPS). The Ministry of Skill Development and Entrepreneurship (MSDE), 

together with its several enabling entities, is the central body  that oversees all potential skill 

development initiatives across the nation. The Ministry was established in 2015 with the goal of 

strengthening the connection between the supply and demand for skilled labor and expanding the 

framework for technical and vocational education. The National Skill Development Corporation 

(NSDC) was established as one of several facilitators for skill-building initiatives in order to assist 

in generating money through Public-Private Partnerships (PPP). Corporate Social Responsibility 

(CSR) funds have also driven towards skill development.  

With such a range of policy initiatives, it's also important to measure how they have impacted skill 

development of the labour force and what challenges they are facing in implementation of such 

programmes. 

According to the Skill India Reporting Hub, out of more than 60 lakh women enrolled for the 

PMKVY scheme, less than one third ended up getting placed. This stark difference between 

enrollment and placement highlights the need to inspect the skilling process in India. Further, the 

data on post-placement such as employment type, retention rates, etc., is also not available for 

public. Information on PPP and the role of the private sector in the skilling ecosystem are also not 
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amalgamated within these portals. Therefore, robust evidence generation is pertinent for the 

skilling programs to identify challenges, improve and run effectively(5). 

Skill development:  

The skill development enhances employability through  nurturing talents and honing skills and 

knowledge. The work force of India has a very poor picture in terms of education and skill. Experts 

have shown that greater emphasis has been given  on soft skills  in various national and 

international companies. According to them, skill is required at various stages like selection, job 

performance, job efficiency. Soft Skills like good communication skills, positive attitude, 

adaptability, confidence are highly required for getting employment.  

Skill development at an early stage is beneficial for students, as it will help them to shape their 

career in the long run. Under National Education Policy 2020, skill development is given utmost 

importance as it is directly related to economic growth.  Many colleges are now collaborating with 

other training institutes to impart various practical skills. 

Objectives 

1. To measure the overall improvement in essential skills (technical, analytical, 

communication) and their application in real-world scenarios. 

2.  To assess the increase in students' confidence and job readiness as a result of the training 

program 

Hypothesis 

H0: There is no significant difference in skill improvement and application scores before and after 

the intervention. 

H0): There is no significant difference in professional preparedness and confidence scores before 

and after the intervention. 

Methodology: 

This research adopts a primarily descriptive approach, utilizing both primary and secondary data 

sources. Secondary data, comprising articles, research journals, and websites, is leveraged to 

conduct a comprehensive literature review and gain insights into the effects of skill development 

initiatives on trainees. The primary data is derived from a sample of 25 students at the graduation 

level who participated in a training program facilitated by TNS India Foundation, a charitable 

organization committed to skill development. 

The study employs a case study methodology to analyze the perception of trainees regarding the 

training program. A questionnaire, utilizing a 5-point Likert scale, is administered to collect 
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primary data. The questionnaire focuses on measuring the overall improvement in essential skills, 

such as technical, analytical, and communication skills, as well as assessing the increase in 

students' confidence and job readiness post-training. Paired T-Test is utilized for hypothesis testing 

to ascertain any significant differences in skill improvement, application, professional 

preparedness, and confidence scores before and after the intervention. 

Result & Findings 

Table 1: Demographic variables  

Gender Counts % of Total 

Female 17 68.0 % 

Male 8 32.0 % 

Age Counts % of Total 

20-21 20 80.0 % 

22-23 5 20.0 % 

Stream Counts % of Total 

B.COM 5 20.0 % 

BAF 5 20.0 % 

BBI 13 52.0 % 

BMS 2 8.0 % 

 

The data provided gives us a snapshot of the gender, age, and academic stream distribution among 

a certain group of individuals. From the gender perspective, the group is predominantly female, 

with females making up 68% of the total, while males constitute the remaining 32%. This indicates 

a higher representation of females in this particular group. In terms of age, the majority of the 

individuals fall within the 20-21 age bracket, accounting for 80% of the total. The remaining 20% 

are in the 22-23 age bracket. This suggests that the group is relatively young, with most individuals 

being in their early twenties. Looking at the academic stream, the most common stream is BBI, 

with 52% of the individuals pursuing this course. B.COM and BAF each account for 20% of the 

total, while BMS is the least represented stream, with only 8% of the individuals. This indicates a 

strong preference for the BBI stream among this group. 

Table 2:  

Training Area (Topic of Training Session) Counts % of Total 

For job related and gaining knowledge 1 4.0 % 
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Skill development 10 40.0 % 

Soft skill 13 52.0 % 

Soft skills, confidence improvement, 

communication development 

1 4.0 % 

Mode of Training Counts % of Total 

Offline 22 88.0 % 

Online 3 12.0 % 

Duration of Training Counts % of Total 

1 Year 1 4.0 % 

2 years 2 8.0 % 

Less than 6 months 22 88.0 % 

Motivational Factor for joining course Counts % of Total 

Independence 1 4.0 % 

To develop Special Skills 7 28.0 % 

To develop Special Skills, To get good Job 

opportunities 

3 12.0 % 

To get Knowledge 2 8.0 % 

To get Knowledge, Independence, To develop 

Special Skills 

1 4.0 % 

To get Knowledge, Independence, To develop 

Special Skills, To get good Job opportunities 

4 16.0 % 

To get Knowledge, To develop Special Skills 4 16.0 % 

To get Knowledge, To develop Special Skills, To 

get good Job opportunities 

2 8.0 % 

To get good Job opportunities 1 4.0 % 

 

The data provided offers insights into the training preferences and motivations of a certain group 

of individuals. In terms of the training area or topic, the majority of individuals (52%) are focused 

on developing their soft skills. This is followed by 40% who are interested in skill development. 

A small percentage (4%) are interested in job-related knowledge gain, and another 4% are 

interested in a combination of soft skills, confidence improvement, and communication 

development. This suggests that soft skills and general skill development are highly valued among 

this group, which aligns with research indicating the importance of soft skills in the workplace and 
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personal life . When it comes to the mode of training, a significant majority (88%) prefer offline 

training, while only 12% opt for online training. This could be due to various factors such as 

accessibility, personal preference, or the nature of the training topics. Regarding the duration of 

training, most individuals (88%) are engaged in training programs that last less than 6 months. 

Only a small fraction of the group are involved in longer training durations of 1 year (4%) and 2 

years (8%). This could suggest a preference for shorter, more intensive training programs. The 

motivational factors for joining the course are diverse. The most common motivation, accounting 

for 28% of the group, is to develop special skills. Other motivations include gaining knowledge 

(8%), gaining independence (4%), and improving job opportunities (4%). Some individuals have 

multiple motivations, such as developing special skills and improving job opportunities (12%), or 

a combination of gaining knowledge, independence, special skills, and job opportunities (16%). 

This indicates that individuals have a variety of motivations for pursuing training, often related to 

personal development and career advancement. 

In summary, this group is primarily interested in developing soft skills and other skills through 

predominantly offline, short-term training programs, driven by a variety of motivations centered 

around personal and professional development. 

Table 3: Pre & Post-test Questionnaire: Overall Skill Improvement and Application 

 

Pre-test Questionnaire: Overall Skill 

Improvement and Application 

Very 

Poor (1) 

Poor (2) Average 

(3) 

Good 

(4) 

Excellent 

(5) 

How would you rate your current 

technical skills in your field of study? 

0% 16.00% 32.00% 24.00% 28.00% 

How would you rate your analytical 

problem-solving abilities? 

0% 8.00% 48.00% 28.00% 16.00% 

How would you rate your 

communication skills (both written and 

verbal)? 

0% 12.00% 32.00% 36.00% 20.00% 

How confident are you in applying your 

skills to real-world scenarios? 

4.00% 12.00% 28.00% 40.00% 16.00% 

Post-test Questionnaire: Overall Skill 

Improvement and Application 

Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neutral 

(3) 

Agree 

(4) 

Strongly 

Agree 

(5) 
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After completing the training program, I 

have strong technical skills in my field of 

study. 

0% 8.00% 20.00% 40.00% 32.00% 

After completing the training program, I 

have strong analytical problem-solving 

abilities. 

4.00% 4.00% 16.00% 52.00% 24.00% 

After completing the training program, I 

have strong communication skills (both 

written and verbal). 

8.00% 4.00% 12.00% 44.00% 32.00% 

After completing the training program, I 

am confident in applying my skills to 

real-world scenarios. 

4.00% 8.00% 24.00% 36.00% 28.00% 

 

The pre-test and post-test questionnaires provide a comprehensive overview of participants' self-

assessed skills and confidence levels before and after completing the training program. The data 

is presented in percentages, reflecting the distribution of responses across various levels of 

confidence and skill ratings. 

In the pre-test, the majority of participants rated their technical skills as Average (32%) or 

Excellent (28%), with no participants rating their skills as Very Poor. When assessing their 

analytical problem-solving abilities, nearly half (48%) rated their abilities as Average, with a 

significant portion rating them as Good (28%) and fewer rating them as Excellent (16%). For 

communication skills, the highest percentage of participants rated their skills as Good (36%) and 

Average (32%), with no participants rating their skills as Very Poor. Confidence in applying skills 

to real-world scenarios was predominantly rated as Good (40%) and Average (28%), with a small 

percentage feeling Very Poor (4%). 

The post-test results reveal a marked improvement across all measured areas. Participants' 

confidence in their technical skills increased significantly, with 40% agreeing and 32% strongly 

agreeing that they have strong technical skills post-training, and no participants rating themselves 

as Very Poor. Over half (52%) of the participants agreed and 24% strongly agreed that they have 

strong analytical problem-solving abilities after the training, with very few (4%) rating themselves 

as strongly disagree or disagree. Communication skills also saw substantial improvement, with the 

majority of participants rating their skills as Agree (44%) and Strongly Agree (32%), and only 8% 

rating themselves as Strongly Disagree or Disagree. Confidence in applying skills to real-world 
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scenarios increased significantly, with a substantial portion agreeing (36%) and strongly agreeing 

(28%) that they are confident in applying their skills in real-world scenarios, and only 4% rating 

themselves as Very Poor or Poor. 

In conclusion, the training program successfully enhanced the participants' skills and confidence 

across all measured areas. The post-test results show a noticeable shift towards higher confidence 

and skill ratings, indicating that the intervention was effective in achieving its goal of improving 

professional preparedness and confidence among participants. This positive impact is evident in 

the increased percentages of Agree and Strongly Agree responses in the post-test data, highlighting 

the effectiveness of the training program in enhancing both technical and soft skills necessary for 

professional success. 

 

Table 4: Pre & Post-test Questionnaire: Professional Preparedness and Confidence 

Pre-test Questionnaire: 

Professional Preparedness and 

Confidence 

 
 

Not 

Confident 

(1) 

Slightly 

Confident 

(2) 

Moderately 

Confident 

(3) 

Very 

Confident 

(4) 

Extremely 

Confident 

(5) 

How confident are you in your 

ability to perform tasks related 

to your field of study? 

20% 24% 32% 16% 8% 

How ready do you feel for a job 

in your field of study? 

16% 20% 40% 16% 8% 

How confident are you in your 

ability to succeed in job 

interviews? 

24% 28% 32% 12% 4% 

How confident are you in your 

resume and cover letter writing 

skills? 

28% 32% 24% 12% 4% 

Post-test Questionnaire: 

Professional Preparedness and 

Confidence 

 
 

Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neutral (3) Agree (4) Strongly 

Agree (5) 
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After completing the training 

program, I am confident in my 

ability to perform tasks related 

to my field of study. 

4% 8% 12% 40% 36% 

After completing the training 

program, I feel ready for a job in 

my field of study. 

4% 8% 16% 44% 28% 

After completing the training 

program, I am confident in my 

ability to succeed in job 

interviews. 

8% 12% 16% 36% 28% 

After completing the training 

program, I am confident in my 

resume and cover letter writing 

skills. 

8% 12% 16% 40% 24% 

 

The pre-test and post-test questionnaires provide valuable insights into participants' self-assessed 

professional preparedness and confidence levels before and after completing the training program. 

The data is presented in percentages, reflecting the distribution of responses across various levels 

of confidence. 

In the pre-test, participants exhibited varying levels of confidence in their professional abilities. 

Specifically, 20% of participants were not confident in their ability to perform tasks related to their 

field of study, while 24% were slightly confident, and 32% were moderately confident. Only 16% 

and 8% were very confident and extremely confident, respectively. When assessing their readiness 

for a job in their field, 16% felt not confident, 20% were slightly confident, 40% were moderately 

confident, and 16% and 8% were very confident and extremely confident, respectively. Confidence 

in their ability to succeed in job interviews was generally low, with 24% not confident and 28% 

slightly confident, whereas only 4% felt extremely confident. Similarly, confidence in resume and 

cover letter writing skills was low, with 28% not confident and 32% slightly confident, and only 

4% extremely confident. 

The post-test results reveal a significant improvement across all areas. Confidence in the ability to 

perform tasks related to their field of study increased substantially, with 40% agreeing and 36% 

strongly agreeing that they are confident post-training, and only 4% strongly disagreeing. 
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Participants also felt more ready for a job in their field, with 44% agreeing and 28% strongly 

agreeing, compared to only 4% strongly disagreeing. Confidence in succeeding in job interviews 

improved, with 36% agreeing and 28% strongly agreeing, although 8% still strongly disagreed. 

Confidence in resume and cover letter writing skills saw a noticeable increase as well, with 40% 

agreeing and 24% strongly agreeing, compared to 8% strongly disagreeing. 

In conclusion, the training program effectively enhanced participants' professional preparedness 

and confidence. The post-test results show a significant shift towards higher confidence levels, 

indicating that the intervention successfully improved the participants' abilities and readiness for 

professional tasks. This positive impact is evident in the increased percentages of Agree and 

Strongly Agree responses in the post-test data, highlighting the training program's effectiveness in 

equipping participants with the skills and confidence necessary for career success. 

Testing of Hypothesis: 

1. (H0): There is no significant difference in skill improvement and application scores 

before and after the intervention. 

Result: 

The paired samples t-test was conducted to compare pre and post skill improvement and 

application scores in a sample of 25 participants. Descriptive statistics indicate that the mean score 

for pre skill improvement and application was 14.3 (SD = 3.46), while the mean score for post 

skill improvement and application was 15.5 (SD = 3.65). The median scores for pre and post were 

15 and 16, respectively. 

The results of the Wilcoxon signed-rank test showed a statistically significant difference between 

the pre and post scores (Wilcoxon W = 44, p = 0.041). This suggests that there was a significant 

improvement in skill application following the intervention. 

In conclusion, the intervention had a statistically significant positive effect on the participants' skill 

improvement and application, as evidenced by the increase in scores from pre to post intervention. 

This indicates that the training or intervention was effective in enhancing the skills of the 

participants. 

 

Table 5: Paired Samples T-Test   

      Statistic p   

Pre-Skill Improvement and 

Application 

Post Skill 

Improvement 

Wilcoxon 

W 

44 0.041   
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and 

Application 

Descriptive 

  N Mean Median SD SE 

Pre-Skill Improvement and 

Application 

25 14.3 15 3.46 0.692 

Post-Skill Improvement 

and Application 

25 15.5 16 3.65 0.731 

2 (H0): There is no significant difference in professional preparedness and confidence 

scores before and after the intervention. 

Result: 

The paired samples t-test was conducted to compare pre and post professional preparedness and 

confidence scores in a sample of 25 participants. Descriptive statistics indicate that the mean score 

for pre-professional preparedness and confidence was 15 (SD = 3.67), while the mean score for 

post-professional preparedness and confidence was 17 (SD = 3.86). The median scores for pre and 

post were 15 and 17, respectively. 

The results of the Wilcoxon signed-rank test showed a statistically significant difference between 

the pre and post scores (Wilcoxon W = 120.5, p = 0.015). This suggests that there was a significant 

improvement in professional preparedness and confidence following the intervention. 

In conclusion, the intervention had a statistically significant effect on the participants' professional 

preparedness and confidence, as there was a significant difference in the scores from pre to post 

intervention. 

Table 6: Paired Samples T-Test 
 

      Statistic p 
 

Pre-Professional Preparedness 

and Confidence 

Post 

Professional 

Preparedness 

and 

Confidence 

Wilcoxon 

W 

120.5 0.015 
 

Descriptive 

  N Mean Median SD SE 
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Pre-Professional Preparedness 

and Confidence 

25 15 15 3.67 0.735 

Post Professional 

Preparedness and Confidence 

25 17 17 3.86 0.773 

Limitations: 

1. Small Sample Size: The study's sample size of 25 participants may limit the generalizability 

of findings. 

2. Single Case Study: Focusing on one training program may not represent the diversity of 

skill development initiatives. 

3. Self-Reported Data: Reliance on self-reported responses could introduce biases and 

inaccuracies. 

4. Short-Term Focus: The study primarily assessed immediate post-training outcomes, 

neglecting long-term impacts. 

Discussion: 

The findings of this study provide valuable insights into the effectiveness of skill development 

programs, particularly focusing on learners at the graduation level. The analysis revealed a 

significant improvement in participants' skill sets, including technical, analytical, and 

communication skills, following their engagement in the training program facilitated by TNS India 

Foundation. Additionally, participants exhibited increased confidence levels and enhanced job 

readiness post-training. 

The observed improvements in skill sets and confidence levels underscore the positive impact of 

skill development initiatives on individual employability and professional preparedness. By 

equipping learners with essential skills and boosting their confidence, such programs contribute to 

narrowing the skill gap and enhancing workforce productivity. The emphasis on soft skills, such 

as communication and problem-solving abilities, aligns with contemporary workforce demands, 

where these skills are increasingly valued by employers. 

Furthermore, the preference for offline training modalities and shorter training durations among 

participants highlights the importance of accessibility and flexibility in skill development 

programs. Understanding participants' motivations, ranging from skill enhancement to career 

advancement, is crucial for designing tailored training interventions that cater to diverse learner 

needs. 

Despite the evident benefits of skill development programs, certain challenges persist, including 

the need for continuous monitoring and evaluation to ensure program effectiveness. Additionally, 
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addressing gender disparities and enhancing inclusivity in skill development initiatives remain 

imperative for maximizing their impact and reaching marginalized populations. 

Conclusion: 

In conclusion, this study reaffirms the significance of skill development programs in enhancing 

the employability and professional preparedness of learners at the graduation level. The positive 

outcomes observed, including improvements in skill sets and confidence levels, underscore the 

importance of investing in skill-building endeavors to foster a skilled and competitive workforce. 

By leveraging private sector contributions, as exemplified by the TNS India Foundation, in skill 

development initiatives, India can capitalize on its demographic dividend and propel economic 

growth. However, sustained efforts are required to address existing challenges, including program 

evaluation, gender inclusivity, and the alignment of training interventions with evolving industry 

needs. 

Moving forward, policymakers, educational institutions, and private sector stakeholders must 

collaborate to design and implement effective skill development strategies that cater to the 

dynamic demands of the labor market. Through concerted efforts and strategic investments in skill 

development, India can harness its human capital potential and emerge as a global leader in the 

knowledge economy. 

Suggestions: 

1. Continuous Evaluation: Regularly assess skill development programs to identify areas 

for improvement and ensure effectiveness. 

2. Gender Inclusivity: Implement targeted initiatives to encourage female participation and 

promote diversity in skill development programs. 

3. Tailored Training: Offer flexible training options that cater to diverse learner needs and 

preferences. 

4. Partnerships: Collaborate with stakeholders to scale up initiatives and enhance program 

reach. 

5. Industry Alignment: Align programs with industry needs and future skills requirements 

to boost employability. 

6. Lifelong Learning: Promote lifelong learning and upskilling to adapt to changing job roles 

and technological advancements. 

7. Support Services: Provide accessible information and support services to empower 

individuals in pursuing skill development opportunities. 
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8. Research and Sharing: Foster knowledge sharing and research to inform evidence-based 

policymaking and program design. 

 

Scope of Future Study: 

1. Longitudinal Analysis: Tracking participants over time to assess sustained program 

impacts. 

2. Comparative Research: Comparing effectiveness across different programs or 

demographic groups. 

3. Qualitative Exploration: Delving deeper into participant experiences and socio-economic 

influences. 

4. Impact Evaluation: Conducting rigorous assessments of program causality on employment 

and income. 
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Abstract 

This study examines the usage of ChatGPT and its relationship with academic performance among 

college students using a survey dataset of 110 respondents. The study focuses on how frequently 

students use ChatGPT, how much time they spend using it for academic purposes, and the main 

reasons for using the tool. Python-based descriptive and correlational analysis was applied to the 

collected responses. The analysis includes frequency distributions, a bar chart, a pie chart, a 

scatter plot, mean, median, standard deviation, and Pearson correlation coefficient. The mean 

estimated ChatGPT usage was 1.66 hours per week and the median was 0.50 hours. The standard 

deviation of usage was 1.77 hours. After a documented normalization of mixed percentage/CGPA 

entries, the mean academic performance was 69.17% and the median was 71.90%, with a standard 

deviation of 18.26 percentage points. For 52 usable paired observations, the Pearson correlation 

coefficient was 0.191, indicating a weak positive association. The result should be interpreted as 

an association rather than evidence that ChatGPT causes higher academic performance. 

Keywords: ChatGPT, Generative Artificial Intelligence, Academic Performance, College 

Students, Python, Mean, Median, Standard Deviation, Correlation 

1. Introduction 

Generative Artificial Intelligence has rapidly entered educational settings. Students increasingly 

use conversational AI systems to obtain explanations, generate ideas, prepare assignments, practise 

questions, write or edit text, and receive help with programming. ChatGPT is particularly relevant 

because it can respond interactively and adapt explanations to a user's questions. 

The presence of ChatGPT in education creates both opportunities and concerns. On one hand, it 

can provide quick explanations and support students when a teacher or textbook is not immediately 
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available. On the other hand, excessive or uncritical use may encourage dependence, reduce 

independent effort, or lead students to accept inaccurate information without verification. 

Because academic performance is affected by many variables, it is not appropriate to assume that 

more ChatGPT use automatically produces higher marks. A quantitative survey can provide a 

clearer picture of the actual usage pattern within a student group. The present study therefore 

analyses the collected responses and uses simple statistical methods that can be reproduced using 

Python. 

The research is intentionally designed at an accessible level. Rather than using advanced machine 

learning, it uses descriptive statistics and one basic correlation measure. This makes the study 

appropriate for demonstrating how Python can support a small educational research project. 

2. Background of the Study 

ChatGPT is a generative AI system capable of producing natural-language responses to user 

prompts. In academic contexts, students may use such systems for concept clarification, 

brainstorming, assignment support, coding, language improvement, and examination preparation. 

The educational impact of ChatGPT is not one-dimensional. The same tool can function as a 

learning assistant when students ask for explanations and verify information, or as a shortcut when 

students submit generated content without understanding it. Therefore, usage frequency alone is 

an incomplete measure of educational impact. 

Recent research has investigated learning outcomes associated with ChatGPT and has generally 

found that the tool can have positive effects under some conditions. However, findings also vary 

by subject, instructional context, duration, and the way students interact with the technology. This 

supports the value of collecting local student data rather than applying a general conclusion to 

every group. 

3. Problem Statement 

College students are increasingly using ChatGPT for academic activities, but the relationship 

between usage and academic performance is not necessarily straightforward. The problem 

addressed by this study is therefore to determine the pattern of ChatGPT use in the collected 

student sample and to examine whether weekly ChatGPT usage shows an observable statistical 

relationship with academic performance. 

4. Objectives of the Study 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               140 
 

• To analyse the frequency of ChatGPT usage among college students. 

• To identify the major academic purposes for which students use ChatGPT. 

• To calculate the mean and median of ChatGPT usage. 

• To calculate the mean and median of academic performance. 

• To measure the standard deviation of the main numerical variables. 

• To visualize ChatGPT usage and academic performance using bar, pie, and scatter plots. 

• To calculate the Pearson correlation coefficient between estimated ChatGPT usage and academic 

performance. 

• To interpret the statistical results without claiming causation. 

5. Research Questions 

• How frequently do students use ChatGPT? 

• What are the main academic purposes for which students use ChatGPT? 

• What are the mean and median levels of ChatGPT usage? 

• What are the mean and median levels of academic performance? 

• How much variability exists in ChatGPT usage and academic performance? 

• Is there a relationship between weekly ChatGPT usage and academic performance? 

6. Hypotheses 

H₀ (Null Hypothesis): There is no relationship between ChatGPT usage and academic performance 

among the students in the study. 

H₁ (Alternative Hypothesis): There is a relationship between ChatGPT usage and academic 

performance among the students in the study. 

7. Literature Review 

Research on ChatGPT in education has expanded rapidly. Recent meta-analytic work has reported 

positive average effects of ChatGPT on learning outcomes, suggesting that AI-assisted learning 

can be beneficial when appropriately integrated into educational activities. 
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At the same time, individual studies have shown that knowledge or familiarity with ChatGPT does 

not automatically translate into better academic performance. This distinction is important: 

knowing or using a tool is not the same as using it effectively for learning. 

The literature also emphasizes the importance of context. Subject area, teaching method, duration 

of use, type of task, and students' approach to verification can influence outcomes. Consequently, 

a survey of students' actual usage patterns can complement the broader literature. 

The present study contributes a small-scale, data-driven analysis based on 110 collected responses. 

It does not attempt to establish a universal causal effect. Instead, it demonstrates how simple 

statistical techniques can describe student behaviour and identify an association worth further 

investigation. 

8. Research Methodology 

Research Design: Quantitative, descriptive and correlational survey design. 

Dataset: The uploaded Google Forms response file containing 110 responses. 

Participants: College students represented in the collected survey responses. 

Data Collection: Online questionnaire. 

Software: Python using Pandas, NumPy and Matplotlib. 

Statistical Techniques: Frequency, percentage, mean, median, standard deviation, scatter plot and 

Pearson correlation coefficient. 

8.1 Variables 

Independent/Explanatory Variable: Estimated weekly hours of ChatGPT use for academic 

purposes. 

Outcome Variable: Academic performance reported as percentage/CGPA in the questionnaire. 

8.2 Data Preparation 

The ChatGPT-hours question was categorical. For quantitative calculations, representative values 

were assigned to each range: Less than 1 hour = 0.5, 1–3 hours = 2, 4–6 hours = 5, and More than 

6 hours = 7 hours per week. This conversion allows numerical analysis but should be understood 

as an approximation. 
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The academic-performance field contained mixed entries. Some respondents entered percentages, 

some entered CGPA-like values, some entered decimal proportions, and some entries were non-

numeric. For the analysis, values below 1 were treated as proportions and multiplied by 100; values 

from 1 to 10 were treated as CGPA and multiplied by 10; values above 10 and up to 100 were 

treated as percentages. Non-numeric values were excluded from numerical calculations. This rule 

is stated explicitly so that the analysis is reproducible. 

9. Questionnaire Used in the Study 

Q1. Age: Below 18 / 18–20 / 21–23 / Above 23. 

Q2. Gender: Male / Female / Prefer not to say. 

Q3. Course/Stream: Science / Commerce / Arts/Humanities / Computer/IT / Other. 

Q4. How frequently do you use ChatGPT? Never / Rarely / Weekly / Daily. 

Q5. How many hours per week do you use ChatGPT for academic purposes? Less than 1 / 1–3 / 

4–6 / More than 6. 

Q6. What do you mainly use ChatGPT for? Assignments / Exam preparation / Understanding 

concepts / Coding/Programming / Research / Writing/Language improvement / Other. 

Q7. Do you verify information provided by ChatGPT? Always / Often / Sometimes / Rarely / 

Never. 

Q8. Do you use ChatGPT to solve academic problems? Yes / No / Sometimes. 

Q9. What is your current average percentage/CGPA? 

Q10. Do you think ChatGPT has improved your academic performance? Strongly agree / Agree / 

Neutral / Disagree / Strongly disagree. 

Q11. Has ChatGPT helped you understand difficult concepts? Yes / No / Sometimes. 

Q12. Do you feel dependent on ChatGPT for academic work? Strongly agree / Agree / Neutral / 

Disagree / Strongly disagree. 

Q13. Do you use traditional study materials along with ChatGPT? Always / Often / Sometimes / 

Rarely / Never. 

Q14. Do you think responsible use of ChatGPT can improve learning? Yes / No / Maybe. 
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Q15. Overall, how useful is ChatGPT for your academic studies? Very useful / Useful / Average / 

Not very useful / Not useful. 

10. Results and Data Analysis 

A total of 110 responses were analysed. The results below are based on the uploaded response file 

and the data-preparation rules described in the methodology. 

The most frequent ChatGPT-use category was 'Rarely', with 25 respondents. The main reported 

academic purpose was 'Understanding concepts', selected by 25 respondents. 

The mean estimated ChatGPT usage was 1.66 hours/week, while the median was 0.50 hours/week. 

The sample standard deviation was 1.77 hours/week. 

The normalized academic-performance mean was 69.17%, the median was 71.90%, and the 

sample standard deviation was 18.26 percentage points. 

The Pearson correlation coefficient between the two variables was r = 0.191, calculated from 52 

usable paired observations. 

 

11. Bar Chart Analysis: Frequency of ChatGPT Usage 

i  

The bar chart shows that 'Rarely' is the largest usage category with 25 students. Daily usage 

accounts for 22 respondents, while 2 respondents reported never using ChatGPT. The distribution 

demonstrates that the sample contains students with different levels of exposure to ChatGPT. 
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12. Pie Chart Analysis: Academic Purpose 

 

The pie chart indicates that 'Understanding concepts' is the most common academic purpose in the 

dataset. Other purposes represent smaller segments of the sample. This suggests that students use 

ChatGPT for more than one educational activity, but concept-related assistance is especially 

prominent in the collected responses. 

13. Mean Analysis 

 

The mean is obtained by adding all numerical observations and dividing by the number of usable 

observations. The mean estimated ChatGPT usage is 1.66 hours per week. The mean normalized 

academic performance is 69.17%. The mean provides a measure of the central tendency of the 

dataset, although it can be influenced by unusually high or low observations. 
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14. Median Analysis 

The median is the middle value after observations are arranged in ascending order. The median 

estimated ChatGPT usage is 0.50 hours per week, compared with a mean of 1.66. The median 

academic performance is 71.90%, compared with a mean of 69.17%. The difference between mean 

and median can provide information about skewness and the influence of extreme observations. 

15. Standard Deviation Analysis 

 

Standard deviation measures the spread of observations around the mean. The sample standard 

deviation of estimated ChatGPT usage is 1.77 hours, while the standard deviation of normalized 

academic performance is 18.26 percentage points. A larger standard deviation indicates greater 

variability. Because the two variables use different units, their standard deviations should not be 

directly compared as if they were on the same scale. 

16. Correlation Coefficient Analysis 
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Pearson's correlation coefficient measures the direction and strength of a linear relationship 

between two numerical variables. In this study, r = 0.191 for 52 usable paired observations. The 

positive sign indicates that higher estimated ChatGPT usage tends to occur alongside higher 

normalized academic-performance values in this sample. The magnitude is small, so the 

association is weak. 

The correlation coefficient should not be interpreted as a causal effect. It does not show that 

ChatGPT improved students' marks. Students who use ChatGPT more may differ from other 

students in study habits, motivation, previous achievement, subject selection, or other 

characteristics. 

17. Statistical Summary 

Measure ChatGPT Usage Academic Performance 

Mean 1.66 hours/week 69.17% 

Median 0.50 hours/week 71.90% 

Standard deviation 1.77 hours 18.26 percentage points 

Usable paired observations 52  

Pearson correlation r = 0.191  

18. Discussion 

The findings provide a descriptive picture of ChatGPT use among the surveyed students. The 

frequency distribution shows that the sample is not uniform: some students report daily use, while 

others use ChatGPT rarely or not at all. This variation is useful because it allows the study to 
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examine whether different levels of use are accompanied by different academic-performance 

values. 

The most common purpose was 'Understanding concepts'. This is consistent with the idea that 

students may view ChatGPT primarily as a tool for clarification and learning support. However, 

the questionnaire also included assignment, examination, coding, research and writing-related 

uses, demonstrating that the educational role of ChatGPT is broader than one single activity. 

The weak positive correlation (r = 0.191) suggests that ChatGPT use and academic performance 

move in the same direction slightly in the observed data, but the strength is too small to support a 

strong conclusion. The study therefore supports a cautious interpretation: ChatGPT may be useful 

as one component of students' learning practices, but usage frequency alone does not explain 

academic performance. 

19. Educational Implications 

• Students can use ChatGPT for concept clarification while continuing to use textbooks, lectures 

and other reliable learning resources. 

• Students should verify important information because generative AI can produce incorrect or 

incomplete answers. 

• Teachers can encourage students to use AI for explanation, brainstorming and practice rather 

than simply copying generated responses. 

• Academic institutions can provide guidance on responsible and ethical AI use. 

• Future studies should distinguish productive learning use from passive dependence. 

20. Limitations of the Study 

• The sample size is limited to 110 responses. 

• The data are self-reported. 

• Weekly usage was recorded in categories and converted to representative numeric values. 

• Academic performance was entered inconsistently as percentage, CGPA, decimal values and 

text; normalization was therefore required. 

• The study is cross-sectional and cannot establish causality. 
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• The analysis does not control for study hours, attendance, prior achievement, motivation, subject 

difficulty or teaching quality. 

• The findings should not be generalized to all college students without a larger and more 

representative sample. 

21. Conclusion 

This research analysed ChatGPT usage and academic performance using a dataset of 110 college-

student responses. The study used simple statistical methods that can be implemented in Python, 

including frequency analysis, mean, median, standard deviation, graphical visualization and 

Pearson correlation. 

The mean estimated ChatGPT usage was 1.66 hours per week and the median was 0.50 hours. The 

normalized academic-performance mean was 69.17% and the median was 71.90%. The Pearson 

correlation coefficient was 0.191, indicating a weak positive association between the variables in 

the usable paired sample. 

Overall, the study does not show that ChatGPT usage causes higher academic performance. 

Instead, it shows how actual student survey data can be used to describe AI usage and investigate 

statistical relationships. Responsible use, verification of information and independent learning 

remain important when students use generative AI. 

22. Future Scope 

• Increase the sample size and include students from multiple colleges. 

• Collect academic performance using one consistent unit, preferably percentage or CGPA 

separately. 

• Record exact ChatGPT usage hours instead of broad ranges. 

• Include study hours, attendance and previous academic performance as additional variables. 

• Use multiple regression to examine several predictors simultaneously. 

• Compare different academic disciplines and years of study. 

• Conduct longitudinal research to examine changes in performance over time. 
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Appendix A: Python Code Used for Analysis 

import pandas as pd 

import numpy as np 

import matplotlib.pyplot as plt 

 

data = pd.read_excel("Responses.xlsx") 

 

usage_map = { 

    "Less than 1 hour": 0.5, 

    "1–3 hours": 2, 

    "4–6 hours": 5, 

    "More than 6 hours": 7 

} 

 

data["Usage_Hours"] = data["Usage_Category"].map(usage_map) 

 

mean_usage = data["Usage_Hours"].mean() 

median_usage = data["Usage_Hours"].median() 

sd_usage = data["Usage_Hours"].std() 

 

correlation = data["Usage_Hours"].corr( 

    data["Academic_Performance"] 

) 
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print("Mean:", mean_usage) 

print("Median:", median_usage) 

print("Standard Deviation:", sd_usage) 

print("Correlation Coefficient:", correlation) 

 

plt.scatter( 

    data["Usage_Hours"], 

    data["Academic_Performance"] 

) 

plt.xlabel("ChatGPT Hours per Week") 

plt.ylabel("Academic Performance") 

plt.title("ChatGPT Usage vs Academic Performance") 

plt.show() 

 

Appendix B: Data Interpretation Guide 

Mean: The arithmetic average of the observations. 

Median: The middle observation after sorting the data. 

Standard Deviation: A measure of how widely observations vary around the mean. 

Correlation Coefficient: A value from -1 to +1 describing the direction and strength of a linear 

association between two numerical variables. 
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Abstract 

The rapid evolution of financial technology (FinTech) has transformed the delivery of financial 

services by improving accessibility, reducing transaction costs and creating innovative platforms 

for savings, payments, lending and investment. At the same time, the growing importance of green 

finance has created new opportunities to channel financial resources towards environmentally 

sustainable activities. The convergence of FinTech, green finance and financial inclusion therefore 

represent an emerging pathway towards sustainable economic growth. This paper examines the 

interrelationship between FinTech, green finance and financial inclusion, with particular 

reference to India. It explores how digital financial platforms, mobile banking, digital payments, 

alternative credit assessment, blockchain, artificial intelligence and data analytics can facilitate 

access to sustainable financial products among underserved sections of society. The paper further 

examines the potential of FinTech to improve the mobilization and allocation of capital towards 

renewable energy, energy efficiency, sustainable transportation, green infrastructure and other 

environmentally responsible activities. India's regulatory environment has increasingly 

recognized the importance of sustainable finance. The Reserve Bank of India (RBI) introduced the 

Framework for Acceptance of Green Deposits in 2023 to encourage financial institutions to 

mobilize resources for eligible green activities and projects. However, challenges such as the 

digital divide, limited financial and sustainability literacy, data privacy concerns, cybersecurity 

risks, greenwashing, inadequate impact measurement and unequal access to digital infrastructure 

may constrain the effectiveness of this transition. The paper adopts a conceptual and descriptive 

research approach based on secondary sources, policy documents and existing literature. It 

argues that integrating FinTech innovation with responsible green finance and inclusive financial 

systems can strengthen access to finance while supporting environmental sustainability. The study 
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concludes that coordinated regulatory frameworks, digital literacy, consumer protection, 

transparent sustainability disclosures and innovative financial products are essential for creating 

an inclusive and sustainable financial ecosystem in India. 

Keywords: FinTech, Green Finance, Financial Inclusion, Sustainable Finance, Digital Finance, 

Sustainable Economic Growth, ESG, India 

 

1. Introduction 

The global financial system is undergoing a significant transformation driven by technological 

innovation and the growing urgency of environmental sustainability. Financial Technology, 

commonly referred to as FinTech, has changed the way individuals, businesses and institutions 

access and use financial services. Mobile banking, digital payments, online lending, artificial 

intelligence, blockchain and data analytics have increased the speed, convenience and reach of 

financial services. 

Simultaneously, climate change and environmental degradation have increased the demand for 

green finance, which seeks to direct financial resources towards environmentally sustainable 

activities. Green finance encompasses financing for renewable energy, clean transportation, energy 

efficiency, sustainable water management, pollution prevention, green buildings and biodiversity 

conservation. The RBI's Green Deposit Framework identifies several such categories for 

deployment of green-deposit proceeds.  

The convergence of FinTech and green finance can potentially address a major challenge faced by 

developing economies: providing adequate finance for sustainable development while ensuring 

that disadvantaged sections of society are not excluded from the financial system. 

Financial inclusion adds a crucial social dimension to this relationship. An inclusive financial 

system enables individuals and businesses, particularly low-income households, small businesses, 

women, rural communities and underserved groups, to access appropriate and affordable financial 

products. 

Thus, the interaction can be represented as: 

FinTech → Greater Financial Access → Inclusive Finance → Green Investment → 

Sustainable Economic Growth 

 

2. Background of the Study 

2.1 FinTech and Financial Transformation 
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FinTech refers to the application of technology to deliver innovative financial products and 

services. Digital payments, mobile wallets, internet banking, peer-to-peer lending, digital 

insurance, robo-advisory and digital investment platforms have substantially changed the financial 

landscape. 

FinTech can contribute to financial inclusion by reducing geographical barriers and transaction 

costs. Individuals who previously had limited access to traditional banking services can 

increasingly access accounts, payments and credit through digital platforms. 

However, digital financial inclusion is not automatic. Lack of digital literacy, poor connectivity, 

cybersecurity concerns and limited awareness can create new forms of exclusion. 

 

2.2 Green Finance 

Green finance focuses on mobilizing financial resources for projects and activities that contribute 

to environmental sustainability and climate objectives. 

In India, the RBI introduced its Framework for Acceptance of Green Deposits in April 2023. 

The framework seeks to encourage regulated entities to offer green deposits and augment the flow 

of credit to eligible green activities and projects. It also incorporates third-party verification, 

impact assessment and reporting requirements. (System Health) 

The RBI has also emphasized the importance of a robust ecosystem for green and sustainable 

finance, including taxonomy, climate-related disclosures and assurance mechanisms. (Reserve 

Bank of India) 

2.3 Financial Inclusion 

Financial inclusion refers to ensuring that individuals and enterprises have access to useful, 

affordable and appropriate financial products and services. 

The traditional financial inclusion agenda focused primarily on access to bank accounts, credit, 

insurance and payment systems. With the emergence of digital finance, the concept has expanded 

to include digital accessibility, financial literacy, consumer protection and responsible use of 

technology. 

 

 

 

3. Review of Literature 

Existing literature indicates that FinTech can improve financial inclusion by reducing transaction 

costs, increasing accessibility and enabling alternative methods of credit assessment. 
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Research on green finance suggests that financial institutions can play a significant role in directing 

capital towards environmentally sustainable investments. The RBI has highlighted the need for 

better data, disclosures, taxonomy and verification mechanisms to strengthen India's green finance 

ecosystem and reduce greenwashing risks. (Reserve Bank of India) 

The relationship between technology and green finance is also becoming increasingly important. 

Digital technologies such as blockchain can improve transparency and traceability in green 

financial instruments, while artificial intelligence and big-data analytics can support climate-risk 

assessment and investment decisions. The RBI has specifically noted the potential of these 

technologies in strengthening green bond and green deposit ecosystems. (Reserve Bank of India) 

However, a research gap remains in understanding the integrated relationship among FinTech, 

green finance and financial inclusion. Much of the existing discussion examines these areas 

separately. There is therefore scope for examining whether FinTech can simultaneously promote 

financial access and facilitate the flow of capital towards sustainable economic activities. 

 

4. Objectives of the Study 

The study has the following objectives: 

1. To examine the role of FinTech in promoting financial inclusion. 

2. To analyze the contribution of FinTech to the development of green finance. 

3. To examine the relationship between financial inclusion and sustainable economic growth. 

4. To identify opportunities for integrating digital financial services with sustainable financial 

products. 

5. To identify challenges associated with FinTech-enabled green and inclusive finance. 

6. To suggest measures for strengthening India's sustainable financial ecosystem. 

5. Research Methodology 

The study adopts a descriptive and conceptual research design. 

Sources of Data 

The study is based primarily on secondary data collected from: 

 Reserve Bank of India publications and reports 

 Government of India reports and policy documents 

 SEBI publications 
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 World Bank reports 

 Academic journals and research papers 

 Reports of international financial institutions 

 Industry reports and credible financial databases 

The study analyses existing policies, developments and conceptual relationships among FinTech, 

green finance and financial inclusion. 

Scope of the Study 

The study focuses particularly on the Indian financial ecosystem and examines the role of digital 

financial technologies in improving access to finance and supporting environmentally sustainable 

economic activities. 

6. FinTech as an Enabler of Financial Inclusion 

FinTech can promote financial inclusion through several mechanisms: 

6.1 Digital Payments 

Digital payment systems enable individuals and small businesses to conduct transactions without 

relying exclusively on physical banking infrastructure. 

6.2 Digital Lending 

FinTech-based lending platforms can use alternative data and automated credit assessment to reach 

borrowers who may not have extensive conventional credit histories. 

6.3 Mobile Banking 

Mobile-based banking services can extend financial services to geographically remote and 

underserved populations. 

6.4 Digital Investment Platforms 

Technology-enabled investment platforms can provide retail investors with access to mutual funds, 

securities and emerging sustainable investment products. 

6.5 Alternative Credit Assessment 

Artificial intelligence and data analytics can potentially improve credit assessment by analyzing 

broader datasets, although appropriate safeguards for privacy, fairness and transparency are 

necessary. 

7. FinTech and Green Finance 

The integration of FinTech with green finance can create innovative mechanisms for mobilizing 

and monitoring sustainable capital. 
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Blockchain 

Blockchain can improve the traceability of funds raised through green financial instruments and 

help stakeholders track the allocation of capital. 

Artificial Intelligence 

AI can assist financial institutions in analyzing environmental risks, assessing borrowers and 

identifying investment opportunities associated with sustainability. 

Big Data Analytics 

Big data can help financial institutions evaluate climate-related risks and measure the 

environmental impact of financed projects. 

Digital Green Investment Platforms 

Technology-based platforms can provide retail investors with easier access to green bonds, 

sustainable funds and other environmentally responsible investment products. 

The RBI has recognized technology's potential to improve transparency, impact measurement and 

monitoring within green finance. (Reserve Bank of India) 

 

 

8. The FinTech–Green Finance–Financial Inclusion Nexus 

The three dimensions can reinforce one another. 

Dimension Contribution 

FinTech Improves accessibility, efficiency and affordability 

Financial Inclusion Expands participation in the formal financial system 

Green Finance Directs capital towards environmentally sustainable activities 

Sustainable 

Growth 

Combines economic development with environmental and social 

objectives 

For example, a digital platform could provide a small entrepreneur with access to a green loan for 

installing solar equipment. The entrepreneur gains access to finance, the financial institution 

expands its customer base, and the investment contributes to environmental sustainability. 

This demonstrates that financial inclusion need not be limited to access to conventional 

finance; it can also involve access to sustainable finance. 

9. Role of FinTech in Sustainable Economic Growth 

FinTech can contribute to sustainable economic growth through three major channels. 

Economic Dimension 
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Digital finance can reduce transaction costs, facilitate entrepreneurship and improve access to 

credit. 

Social Dimension 

Financial inclusion can improve participation in the formal economy and provide underserved 

communities with access to financial services. 

Environmental Dimension 

Green digital finance can channel capital towards renewable energy, clean transportation, energy 

efficiency and sustainable infrastructure. 

Therefore, FinTech has the potential to create a triple-impact model: 

Economic Growth + Financial Inclusion + Environmental Sustainability 

10. Challenges 

Despite its potential, several challenges need to be addressed. 

10.1 Digital Divide 

Unequal access to smartphones, internet connectivity and digital infrastructure may exclude 

vulnerable groups. 

10.2 Financial and Sustainability Literacy 

Consumers may not understand complex digital or green financial products. 

 

 

10.3 Cybersecurity 

Increasing dependence on digital platforms increases exposure to cyber fraud, identity theft and 

data breaches. 

10.4 Data Privacy 

The use of alternative data for credit assessment raises concerns regarding privacy, consent and 

responsible data use. 

10.5 Greenwashing 

Financial products may be marketed as environmentally sustainable without adequate evidence of 

their actual environmental impact. 

10.6 Lack of Standardisation 

The absence of consistent definitions, taxonomies and impact measurement frameworks can make 

it difficult for investors to compare sustainable financial products. The RBI has highlighted 

taxonomy, disclosure and verification as important elements in addressing these challenges. 

(Reserve Bank of India) 
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11. Findings and Discussion 

The conceptual analysis suggests that FinTech can act as a bridge between financial inclusion and 

sustainable finance. 

First, digital financial services can reduce barriers to financial access. Second, technology can 

reduce the cost of delivering financial products. Third, digital platforms can facilitate the 

distribution of green financial products to a broader investor base. 

The integration of technology into green finance can also improve transparency. Blockchain, AI 

and data analytics can support monitoring, impact assessment and risk management. (Reserve 

Bank of India) 

However, technological innovation alone cannot guarantee inclusive and sustainable outcomes. 

Effective regulation, consumer protection, digital literacy, sustainability standards and responsible 

innovation are necessary. 

The RBI's green deposit framework is an important institutional development because it combines 

mobilisation of funds for green activities with requirements for verification, impact assessment 

and reporting. (System Health) 

12. Suggestions 

The following measures can strengthen the FinTech–green finance–financial inclusion ecosystem: 

1. Promote digital financial literacy among rural and underserved communities. 

2. Develop affordable green financial products suitable for small investors and micro-

enterprises. 

3. Strengthen sustainability disclosure standards for financial institutions. 

4. Use AI and data analytics responsibly for climate-risk assessment and credit evaluation. 

5. Improve cybersecurity and consumer protection in digital financial services. 

6. Develop reliable sustainability taxonomies and impact measurement frameworks. 

7. Encourage FinTech–bank partnerships for delivering green credit to underserved 

businesses. 

8. Promote digital platforms for green investment to increase retail investor participation. 

9. Strengthen third-party verification to reduce greenwashing. 

10. Integrate financial literacy with sustainability literacy in educational institutions. 
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13. Conclusion 

FinTech, green finance and financial inclusion represent three interconnected dimensions of the 

evolving financial system. FinTech can improve the accessibility and efficiency of financial 

services, while green finance can redirect capital towards environmentally sustainable economic 

activities. Financial inclusion ensures that the benefits of this transformation reach a wider section 

of society. 

India has already taken important steps towards strengthening its sustainable finance ecosystem, 

including the RBI's framework for green deposits and its broader emphasis on climate-related 

financial risks and sustainable finance. (System Health) 

The future of sustainable finance therefore lies not merely in increasing the volume of green capital 

but in making such capital accessible, transparent, affordable and inclusive. A technology-

enabled financial ecosystem can connect underserved individuals and enterprises with sustainable 

financial opportunities while supporting India's broader environmental and economic objectives. 

Thus, FinTech can serve as a pathway through which financial inclusion and green finance 

converge to promote more inclusive and sustainable economic growth. 
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Abstract 

Agriculture remains a fundamental pillar of the economy of India, contributing significantly to 

employment, rural development, and food security. However, the sector is currently facing 

multiple challenges, including labor shortages, low productivity, inefficient resource utilization, 

and increasing pressure to meet the food demands of a rapidly growing population. In this context, 

agricultural robotics has emerged as a transformative technological solution that can enhance 

efficiency, precision, and sustainability in farming practices. 

This research paper aims to analyze the role of agricultural robotics in India by examining key 

factors influencing its adoption, major application areas, and overall growth trends. The study is 

based on secondary data collected from research articles, government reports, and institutional 

publications. Graphical tools such as bar charts, pie charts, and line graphs are used to represent 

and interpret the data effectively. 

The findings of the study indicate that labor scarcity, increasing demand for automation, and the 

need for higher productivity are the primary drivers of agricultural robotics adoption in India. 

Applications such as crop monitoring using drones, automated spraying, and precision irrigation 

are gaining popularity, while advanced technologies like robotic harvesting are still in the early 

stages due to high costs and technical complexity. 

The study concludes that although several challenges exist—such as affordability, lack of 

awareness, and infrastructural limitations—the future of agricultural robotics in India is highly 

promising. With increasing government support, advancements in technology, and the growth of 

AgriTech startups, agricultural robotics has the potential to revolutionize traditional farming 

practices and contribute to sustainable agricultural development. 
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1. Introduction 

Agriculture plays a vital role in the economic and social development of India, supporting the 

livelihoods of a large segment of the population. Despite its importance, the agricultural sector 

faces numerous structural and operational challenges that hinder its growth and efficiency. One of 

the major concerns is the declining availability of agricultural labor, which has been significantly 

impacted by rapid urbanization and migration of rural workers to cities in search of better 

employment opportunities. This labor shortage has increased the need for alternative solutions that 

can maintain productivity while reducing dependency on manual work. 

Another critical issue in Indian agriculture is the prevalence of small and fragmented landholdings, 

which limit the use of advanced machinery and reduce overall efficiency. Traditional farming 

practices often rely on manual labor and lack precision, leading to excessive use of resources such 

as water, fertilizers, and pesticides. This not only affects productivity but also contributes to 

environmental degradation and increased production costs. 

In recent years, technological advancements have introduced innovative solutions to address these 

challenges. Agricultural robotics, combined with technologies such as artificial intelligence (AI), 

machine learning, computer vision, and the Internet of Things (IoT), is transforming the way 

farming activities are performed. These technologies enable automation of various agricultural 

operations, including planting, monitoring, irrigation, spraying, and harvesting. As a result, 

farmers can achieve higher efficiency, improved accuracy, and better resource management. 

In the Indian context, the adoption of agricultural robotics is gradually increasing due to rising 

awareness, government initiatives, and the emergence of AgriTech startups. Programs such as the 

Digital Agriculture Mission and support for drone-based applications are encouraging farmers to 

adopt modern technologies. However, the adoption rate is still relatively low compared to 

developed countries due to economic, technical, and infrastructural barriers. 

Therefore, it becomes essential to study the current trends, challenges, and future prospects of 

agricultural robotics in India. This research aims to provide a comprehensive understanding of 

how agricultural robotics can contribute to improving productivity, sustainability, and efficiency 

in Indian agriculture, while also identifying the key factors that influence its adoption. 

2. Objectives 
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The primary objectives of this study are: 

● To understand the concept and significance of agricultural robotics 

● To analyze the major factors influencing adoption in India 

● To examine different application areas of agricultural robots 

● To study the growth trends of robotics in Indian agriculture 

● To identify challenges and future opportunities 

3. Literature Review 

Agricultural robotics has emerged as a significant area of research due to its potential to enhance 

productivity, efficiency, and sustainability in farming practices. Various studies have explored 

different aspects of automation in agriculture, ranging from autonomous machinery to precision 

farming technologies. 

According to the Food and Agriculture Organization (FAO, 2022), automation in agriculture, 

including the use of robots and intelligent systems, can significantly improve farm productivity 

while reducing dependency on manual labor. The report highlights that technologies such as 

robotic harvesters, automated irrigation systems, and drone-based monitoring play a crucial role 

in optimizing agricultural operations and minimizing resource wastage. 

Research conducted by Johnson et al. (2009) focused on the development of autonomous robotic 

tractors capable of performing field operations with minimal human intervention. The study 

demonstrated that such systems could improve efficiency and reduce operational costs in large-

scale farming environments. However, the applicability of these technologies in countries with 

small landholdings, such as India, remains limited. 

Similarly, Pretto et al. (2019) investigated the use of aerial and ground robotic systems for 

precision agriculture. Their research emphasized the importance of integrating drones with ground 

robots to monitor crop health, detect diseases, and optimize input usage. These technologies 

contribute to precision farming by enabling real-time data collection and analysis. 

A study by Droukas et al. (2022) provided a comprehensive survey of robotic harvesting systems. 

The study highlighted the advancements in computer vision and machine learning that allow robots 

to identify and pick fruits with high accuracy. Despite these advancements, the study also pointed 

out challenges such as high costs, complexity, and adaptability to different crop types. 
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In addition, Blue River Technology (2025) developed “See & Spray” technology, which uses 

artificial intelligence to precisely apply herbicides only where needed. This innovation 

significantly reduces chemical usage and promotes sustainable farming practices. 

While these studies demonstrate the effectiveness of agricultural robotics in developed countries, 

their adoption in developing countries like India remains limited. According to FAO (2020), the 

adoption of advanced agricultural technologies in developing regions is constrained by factors 

such as high initial investment, lack of technical knowledge, and inadequate infrastructure. 

In the Indian context, recent studies indicate a growing interest in AgriTech solutions, particularly 

in areas such as drone-based crop monitoring and smart irrigation systems. However, the 

widespread adoption of agricultural robotics is still in its early stages due to economic and 

structural challenges. 

Research Gap 

From the above literature, it is evident that while significant advancements have been made in 

agricultural robotics globally, there is a lack of research focusing specifically on: 

● Adoption challenges in countries with small landholdings like India 

● Development of low-cost and scalable robotic solutions 

● Practical implementation strategies for rural agricultural systems 

Therefore, this study aims to bridge this gap by analyzing the trends, challenges, and future scope 

of agricultural robotics in the Indian agricultural sector. 

4. Problem Statement 

Agriculture in India is undergoing a critical transition due to multiple structural and socio-

economic challenges. Despite being a major contributor to employment and food security, the 

sector continues to suffer from low productivity, inefficient farming practices, and heavy 

dependence on manual labor. One of the most pressing issues is the declining availability of 

agricultural labor, primarily due to rapid urbanization and migration of rural populations to cities 

in search of better employment opportunities. 

In addition to labor shortages, Indian agriculture is characterized by small and fragmented 

landholdings, which limit the scalability and efficiency of traditional farming methods. Farmers 
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often rely on conventional techniques that are labor-intensive, time-consuming, and lack precision, 

leading to suboptimal utilization of resources such as water, fertilizers, and pesticides. This not 

only affects productivity but also contributes to environmental degradation. 

Although agricultural robotics has emerged as a promising solution to address these challenges by 

enabling automation, precision farming, and efficient resource management, its adoption in India 

remains significantly limited. The key barriers include high initial investment costs, lack of 

technical awareness among farmers, inadequate rural infrastructure, and limited access to 

advanced technologies. Furthermore, the absence of scalable and affordable robotic solutions 

tailored to Indian agricultural conditions further restricts widespread implementation. 

This situation creates a substantial gap between the availability of advanced agricultural 

technologies and their practical application in the Indian farming sector. Therefore, there is a need 

to analyze the factors influencing the adoption of agricultural robotics in India, identify the key 

challenges, and explore potential solutions that can bridge this gap and promote sustainable 

agricultural development. 

5. Methodology 

This study adopts a descriptive and analytical research design to examine the trends, adoption 

factors, and applications of agricultural robotics in India. The research is primarily based on 

secondary data, which has been collected from a variety of credible sources including research 

papers, academic journals, government reports, institutional publications, and relevant online 

databases. 

The methodology involves a systematic review and analysis of existing literature to understand 

the current state of agricultural robotics and its applicability in the Indian context. The collected 

data is carefully evaluated to identify key themes such as labor challenges, technological adoption, 

application areas, and growth trends. 

To enhance clarity and facilitate better interpretation, graphical representation techniques are 

used in this study. These include: 

● Bar charts to analyze key factors influencing adoption 

● Pie charts to represent distribution of application areas 

● Line graphs to illustrate growth trends over time 
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These visual tools help in simplifying complex data and provide a comparative understanding of 

different variables. 

Additionally, the study follows a qualitative analytical approach, where observations and insights 

are derived from the interpreted data rather than primary field surveys. This approach is suitable 

for understanding broad trends and patterns in emerging technologies such as agricultural robotics. 

The data used in graphical analysis is based on secondary research and reflects trends observed in 

the Indian agricultural sector. While the study provides valuable insights, it is limited by the 

availability and scope of secondary data, and future research may incorporate primary data 

collection for more detailed analysis. 

6. Results and Data Analysis 

This section presents a detailed analysis of the data related to the adoption and impact of 

agricultural robotics in India. The analysis is based on graphical representations including bar 

charts, pie charts, and line graphs, which help in understanding patterns, trends, and key 

influencing factors. The findings are interpreted in the context of Indian agriculture, which is 

characterized by small landholdings, labor shortages, and increasing demand for productivity. 

6.1 Analysis of Adoption Factors in India 

 

Fig 1: Key Drivers of Agricultural Robotics Adoption in India  
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The bar chart illustrates the key factors driving the adoption of agricultural robotics in India. 

Among these factors, labor shortage emerges as the most dominant driver, followed by 

automation demand, productivity enhancement, and sustainability concerns. 

The prominence of labor shortage reflects the ongoing structural shift in Indian agriculture. Rapid 

urbanization and migration of rural workers to cities have significantly reduced the availability of 

agricultural labor. As a result, farmers are increasingly turning toward mechanization and 

automation to maintain productivity levels. According to FAO reports, automation helps address 

labor constraints while improving efficiency and reducing drudgery in agricultural operations. 

Automation demand is another critical factor, indicating that farmers are gradually recognizing the 

benefits of technology in improving operational efficiency. The need for higher productivity is 

also significant, as India must meet the food demands of a growing population. Additionally, 

sustainability concerns are gaining importance due to the increasing focus on environmentally 

friendly farming practices. 

Overall, the analysis suggests that economic necessity (labor shortage) combined with 

technological awareness is driving adoption in India. 

6.2 Analysis of Application Areas 

 

Fig 2: Distribution of Agricultural Robot Applications in India 
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The pie chart represents the distribution of agricultural robotics applications in India. It shows that 

crop monitoring holds the largest share, followed by spraying, harvesting, planting, and 

irrigation. 

The dominance of crop monitoring can be attributed to the widespread use of drones and sensor-

based technologies in Indian agriculture. These technologies enable farmers to monitor crop 

health, detect diseases, and assess soil conditions in real time. Studies indicate that digital 

technologies improve decision-making and resource efficiency in agriculture . 

Spraying and irrigation applications are also gaining popularity because they help reduce the 

excessive use of water, fertilizers, and pesticides. This not only lowers costs but also minimizes 

environmental impact. Harvesting robots, although technologically advanced, have lower adoption 

due to high costs and complexity, making them less accessible to small-scale farmers. 

This analysis highlights that applications requiring lower investment and offering immediate 

benefits are more widely adopted in India, while high-cost technologies are still emerging. 

6.3 Growth Trend Analysis 

 

Fig 3: Growth Trend of Agricultural Robotics Adoption in India  
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The line graph shows a consistent increase in the adoption of agricultural robotics in India over 

recent years. This upward trend indicates growing awareness, technological advancement, and 

supportive policy initiatives. 

The growth of the agricultural robotics market in India is significant, with projections indicating 

rapid expansion in the coming years. The market is expected to grow at a high rate, reflecting 

increasing investment and adoption of advanced technologies . 

Several factors contribute to this growth: 

● Rise of AgriTech startups 

● Increasing use of drones and AI-based tools 

● Government initiatives promoting digital agriculture 

● Improved access to mobile and internet technologies 

Digital transformation is playing a crucial role in this growth. Reports suggest that digital 

agriculture is helping farmers improve productivity, reduce costs, and enhance decision-making 

capabilities . 

Thus, the trend clearly indicates that agricultural robotics is transitioning from an emerging 

concept to a rapidly growing sector in India. 

 

6.4 Key Findings and Insights 

The analysis of data leads to several important findings: 

● Labor shortage is the primary driver of agricultural robotics adoption in India 

● Crop monitoring and spraying are the most widely used applications 

● Adoption is increasing steadily, driven by technological and policy support 

● Cost and accessibility remain major barriers, especially for small farmers 

● Digital technologies are accelerating transformation in Indian agriculture 
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6.5 Overall Interpretation 

The results clearly demonstrate that agricultural robotics has significant potential to transform 

Indian agriculture. While adoption is still in its early stages, the increasing trend indicates strong 

future growth. 

However, the analysis also reveals a gap between technological availability and practical 

implementation. This gap is primarily due to economic and infrastructural constraints. Therefore, 

for widespread adoption, there is a need for affordable, scalable, and farmer-friendly solutions. 

7. Discussion 

The results of this study highlight the transformative potential of agricultural robotics in the Indian 

agricultural sector. The analysis of adoption factors, application areas, and growth trends clearly 

indicates that agricultural robotics is emerging as a significant technological solution to address 

long-standing challenges in Indian farming. 

One of the most important findings is that labor shortage is the primary driver of adoption. 

This aligns with broader trends in Indian agriculture, where rural-to-urban migration has reduced 

the availability of farm labor. Studies confirm that labor scarcity, along with increasing food 

demand, is pushing the need for mechanization and automation in agriculture . Agricultural robots, 

therefore, serve as an effective alternative by reducing dependence on manual labor and ensuring 

continuity in farming operations. 

Another key insight from the results is the dominance of crop monitoring and spraying 

applications, particularly through drone technology. Research shows that drones significantly 

improve precision farming by enabling real-time monitoring, reducing input costs, and enhancing 

sustainability . This explains why these applications have higher adoption rates compared to 

complex operations like robotic harvesting, which require advanced technology and higher 

investment. 

Despite these advantages, the discussion also highlights several critical challenges limiting 

adoption. One of the most significant barriers is the high initial cost of agricultural robots, making 

them inaccessible to small and marginal farmers. In India, where approximately 86% of farmers 

operate on small landholdings, affordability becomes a major constraint . Additionally, lack of 
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awareness, limited technical knowledge, and inadequate rural infrastructure further hinder the 

widespread use of these technologies . 

Another important issue is the adaptability of agricultural robots to diverse Indian farming 

conditions. India has a wide variety of crops, soil types, and climatic conditions, which makes it 

difficult to design a single robotic solution suitable for all regions. Research indicates that 

customization and crop-specific adaptation are necessary for successful implementation . 

The study also reveals a gap between technological advancement and real-world 

implementation. Many robotic solutions are still in experimental or limited deployment stages, 

with fewer than 30% of research studies being tested in actual farming conditions . This indicates 

the need for more field-based research and practical validation to ensure that these technologies 

are suitable for Indian farmers. 

From an economic and environmental perspective, agricultural robotics offers significant benefits. 

Studies show that robotic systems can reduce labor requirements, optimize resource usage, and 

minimize chemical inputs, thereby promoting sustainable agriculture . For example, precision 

spraying techniques can significantly reduce pesticide usage, which has both economic and 

ecological advantages. 

Furthermore, the increasing trend of adoption observed in the results reflects the growing influence 

of AgriTech startups, government initiatives, and digital transformation in Indian agriculture. 

Collaborative efforts between government bodies, research institutions, and private companies are 

playing a crucial role in promoting awareness, providing financial support, and improving 

accessibility to advanced technologies . 

However, social and behavioral factors also play an important role. Resistance to change, lack of 

trust in new technologies, and fear of job displacement can affect adoption rates among farmers . 

Therefore, awareness programs, training initiatives, and demonstration projects are essential to 

build confidence and encourage adoption. 

In conclusion, the discussion highlights that while agricultural robotics has immense potential to 

transform Indian agriculture, its success depends on addressing key challenges such as 

affordability, accessibility, adaptability, and awareness. A balanced approach that combines 

technological innovation with policy support and farmer-centric solutions is necessary to ensure 

widespread adoption and long-term sustainability. 
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8. Future Scope 

The future of agricultural robotics in India is highly promising, driven by rapid advancements in 

digital technologies, increasing government support, and the growing need for sustainable 

agricultural practices. As India moves towards the concept of Agriculture 4.0, the integration of 

robotics with technologies such as Artificial Intelligence (AI), Internet of Things (IoT), big data 

analytics, and cloud computing is expected to transform traditional farming into a smart and 

technology-driven system . 

One of the most significant future developments is the increasing use of drones and autonomous 

systems in agriculture. The agriculture drone market in India is projected to grow rapidly, 

supported by government initiatives such as subsidies and the “Kisan Drone” program, which 

promotes precision farming and efficient resource utilization . These technologies enable real-time 

monitoring, targeted spraying, and improved decision-making, which are essential for enhancing 

productivity and sustainability. 

Another important trend is the rise of AgriTech startups and innovation ecosystems. 

Government programs under schemes like RKVY are actively supporting agricultural startups by 

providing financial assistance and incubation facilities, thereby accelerating the development and 

adoption of advanced technologies . These startups are working on solutions such as AI-based crop 

monitoring, smart irrigation systems, and robotic automation, making technology more accessible 

to farmers. 

The adoption of Artificial Intelligence and data-driven agriculture is also expected to increase 

significantly. AI-enabled tools are already being used for weather forecasting, pest detection, and 

crop advisory services, reaching millions of farmers across India . In the future, these systems will 

become more sophisticated, enabling predictive analytics and automated decision-making in 

farming operations. 

In addition, the concept of Robotics-as-a-Service (RaaS) is likely to play a crucial role in 

overcoming cost barriers. Instead of purchasing expensive robotic systems, farmers can access 

these technologies on a rental or service basis, making them more affordable for small and 

marginal farmers. 
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The market growth projections further support the strong future potential of agricultural robotics 

in India. The sector is expected to grow at a high compound annual growth rate (over 23%), 

indicating increasing investment and adoption in the coming years . 

However, to fully realize this potential, certain challenges must be addressed. These include 

improving rural infrastructure, providing training and awareness programs for farmers, ensuring 

affordability of technologies, and developing region-specific solutions suited to India’s diverse 

agricultural conditions. 

Overall, the future of agricultural robotics in India is not only promising but essential for achieving 

food security, sustainability, and economic growth. With continued innovation, policy support, 

and industry collaboration, agricultural robotics is expected to become a core component of 

modern Indian agriculture. 

9. Conclusion 

Agricultural robotics represents a significant technological advancement with the potential to 

transform the agricultural sector in India. This study examined the key factors influencing the 

adoption of agricultural robotics, major application areas, and growth trends within the Indian 

context. 

The analysis revealed that labor shortage, increasing demand for productivity, and the need 

for sustainable farming practices are the primary drivers of adoption. Applications such as crop 

monitoring, spraying, and precision irrigation are gaining popularity due to their ability to improve 

efficiency and reduce resource wastage. The growth trend analysis further indicates a steady 

increase in adoption, supported by technological advancements, government initiatives, and the 

rise of AgriTech startups. 

Despite these positive developments, the study also identified several challenges, including high 

initial costs, lack of technical knowledge, limited infrastructure, and issues related to adaptability 

in diverse farming conditions. These challenges create a gap between technological innovation and 

its practical implementation, particularly for small and marginal farmers. 

However, the increasing integration of AI, IoT, and automation technologies, along with strong 

policy support and digital initiatives, indicates a positive future for agricultural robotics in India. 
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Government programs promoting drones, precision farming, and digital agriculture are playing a 

crucial role in accelerating this transformation. 

In conclusion, agricultural robotics is not merely an emerging trend but a necessary solution for 

the future of Indian agriculture. It has the potential to enhance productivity, improve resource 

efficiency, and promote sustainable farming practices. By addressing existing challenges and 

ensuring accessibility to farmers, agricultural robotics can significantly contribute to achieving 

food security, economic development, and environmental sustainability. 

Thus, agricultural robotics is expected to play a vital role in shaping the future of agriculture in 

India, transforming it into a modern, efficient, and technology-driven sector. 
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Abstract 

Misinformation has become a serious concern in the digital communication environment 

because misleading claims, manipulated images, unverified messages, and sensational 

headlines can circulate rapidly through social-media platforms and messaging applications. 

Young adults are an important group in this context because they access news regularly 

through smartphones, search engines, video platforms, social media, and online news 

applications. This study examines digital-news consumption, media literacy, misinformation 

awareness, and fact-checking behaviour among college students and recent graduates 

associated with Navi Mumbai. The study uses a quantitative cross-sectional survey design. 

Data were collected through a structured Google Forms questionnaire, and 100 responses 

were received. The questionnaire examined respondents’ news-consumption frequency, 

preferred platforms, source-evaluation habits, awareness of misinformation, fact-checking 

practices, and responses to three verification-based situations. The findings show that 

Instagram, YouTube, Google Search or Google News, WhatsApp, and news websites or 

applications are important channels for accessing digital news. Respondents generally 

recognised that popularity indicators such as likes and shares do not establish the truth of a 

claim. However, their reported use of systematic verification practices, especially visual 

verification and consultation of official or fact-checking sources, was uneven. The study 

therefore highlights an important distinction between knowing about misinformation and 

actively verifying information. It recommends that colleges adopt practical media-literacy 

initiatives that develop everyday verification skills, including source identification, checking 

dates and context, comparing credible reports, examining images and videos, and consulting 

reliable official sources before sharing digital information.  
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Introduction  

Digital media have changed the way young people receive, interpret, and circulate news. 

Smartphones, social-media platforms, messaging applications, video-sharing platforms, 

search engines, and news applications allow users to access information at any time. This 

convenience has also created a difficult information environment in which credible reporting 

appears alongside rumours, misleading headlines, manipulated visuals, propaganda, satire, 

and completely fabricated claims. The issue is especially relevant in India, where internet 

access and smartphone use have expanded rapidly. Information often reaches users through 

personal networks rather than directly from a verified news organisation. A message 

forwarded through WhatsApp, a short Instagram post, a YouTube video, or a screenshot may 

appear trustworthy because it has been sent by a friend, relative, classmate, or familiar group. 

Yet the original source, publication date, evidence, and context may be unclear.  

College students use digital platforms for academic information, career opportunities, current 

affairs, entertainment, health information, and social interaction. However, the ability to use 

digital devices does not necessarily mean that a person can judge the credibility of online 

news. A user may search, post, edit, and share content easily while still failing to check who 

published a claim, whether evidence is available, or whether a photograph is old or unrelated 

to the event being discussed. 

This study examines the digital-news habits of college students and recent graduates 

associated with Navi Mumbai. It focuses on their preferred digital platforms, their awareness 

of misinformation, their perceived ability to verify doubtful news, and their reported fact-

checking practices before believing or sharing information.  

Objectives  

1. To understand the relationship between source-evaluation practices, perceived verification 

ability, and fact-checking behaviour.  

2. To identify the digital platforms commonly used to access news.  

3. To assess respondents’ self-reported media literacy and awareness of misinformation. 4. To 

examine digital-news consumption patterns among college students and recent graduates 
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associated with Navi Mumbai.  

5. To examine the frequency of fact-checking practices before believing or sharing digital 

news.  

Hypotheses  

H1: Higher self-reported media literacy is associated with more frequent fact-checking 

behaviour.  

H2: Greater awareness of misinformation is associated with stronger verification-oriented 

responses to doubtful digital news.  

H3: Higher perceived verification ability is associated with more regular fact-checking 

practices.  

H4: Greater reliance on socially circulated, visual, and emotionally persuasive digital-news 

formats is associated with less consistent verification behaviour.  

Methodology  

The study adopted a quantitative, descriptive, cross-sectional survey design. Data were 

collected through a structured Google Forms questionnaire circulated among college 

students and recent graduates associated with colleges in Navi Mumbai. A total of 100 

responses were received. The sample included undergraduate and postgraduate students, 

recent pass-outs, and a small number of respondents who had entered employment. 

Recent graduates were included to represent a broader young-adult group that actively 

uses digital news.  

The study used convenience sampling through student, peer, and academic networks. 

Participation was voluntary, and no personal information was collected. As the sample 

was small and non-random, the findings are exploratory and cannot be generalised to 

all students and graduates in Navi Mumbai.  

The questionnaire covered demographic details, digital-news use, preferred platforms, 

sharing behaviour, media literacy, misinformation awareness, and 

fact-checking practices. It included Likert-scale statements, frequency-based questions, 
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and three scenario-based questions. Media literacy refers to the ability to assess the 

source, evidence, date, presentation, and context of digital news. Fact-checking 

behaviour includes checking sources, searching claims online, comparing reports, 

verifying visuals, and consulting official or fact-checking sources.  

Review of Literature  

Misinformation has become a major concern in media and communication research because 

digital platforms allow information to circulate quickly without the editorial checks commonly 

associated with professional journalism. Social-media users are not merely audiences; they 

also participate in the creation, forwarding, commenting, and redistribution of information. 

This makes the reliability of everyday information practices an important research concern.  

Neyazi, Kalogeropoulos, and Nielsen examined misinformation concerns and online news 

participation among internet users in India. Their study showed that misinformation concerns 

should be understood in relation to platform use, trust, political identity, and online 

participation. Their work is important because it demonstrates that different platforms support 

different forms of news engagement. Private messaging, public posting, video consumption, 

and direct visits to news websites cannot be treated as identical activities.  

Altay, Nielsen, and Fletcher studied the relationship between news use, awareness of 

misinformation, and belief in false claims across Brazil, India, and the United Kingdom. They 

found that news use can contribute to awareness of misinformation without necessarily 

increasing belief in false claims. This suggests that exposure to credible news may help users 

recognise doubtful information, though the relationship depends on the source, platform, 

context, and existing beliefs of the user.  

Media literacy is often presented as a long-term response to misinformation. It involves 

identifying sources, evaluating evidence, recognising bias, distinguishing reporting from 

opinion or advertising, understanding the role of algorithms, and critically examining visual 

material. Guess and colleagues found that a digital-media-literacy intervention improved 

participants’ ability to distinguish mainstream news from false news in the United States and 

India. Their study indicates that media-literacy training can improve discernment, although 

improved discernment may not always produce long-term changes in all online behaviours.  
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Fact-checking is a more direct verification practice. It may involve checking the original 

publisher, identifying the author, comparing coverage across reliable sources, checking dates, 

tracing images, consulting official websites, and referring to professional fact-checking 

organisations. However, fact-checking requires time, motivation, and access to verification 

skills. Users may rely instead on shortcuts, such as trusting a familiar sender, reacting to 

emotional language, or assuming that large numbers of likes and shares indicate credibility. 

 

The existing literature therefore distinguishes between awareness, confidence, and practice. 

People may know that misinformation is common and may feel confident about identifying it, 

but they may not consistently carry out verification. This gap between recognition and action 

forms the central basis of the present study.  

Findings  

Respondent Profile: The study received 100 responses from undergraduate and postgraduate 

students, recent graduates, and a few employed young adults. Commerce and Management was 

the most represented discipline, followed by Media and Communication and Arts and Humanities. 

Although the sample extends beyond currently enrolled students, it offers a broader view of digital-

news practices among young adults in and around Navi Mumbai.  

Digital-News Consumption  

Digital news was a regular part of participants’ daily lives, with many accessing it several 

times a day or once a day. Instagram was the most common platform, followed by YouTube, 

Google Search or Google News, WhatsApp, and news websites or applications.  

Headlines, photographs, videos, emotional content, and the identity of the sender often 

attracted respondents’ attention. This suggests that digital-news engagement is influenced by 

visual appeal, emotion, and social cues, making verification necessary before believing or 

sharing information.  

Media Literacy and Misinformation Awareness  

Responses showed varied levels of media literacy. Many participants recognised that likes and 
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shares do not confirm the truth of a news item. However, responses were less consistent 

regarding checking publishers, reading beyond headlines, and examining dates, evidence, and 

sources. This suggests that awareness of misinformation is higher than the regular use of 

verification skills.  

Fact-Checking Behaviour  

Some respondents reported frequently searching doubtful claims, checking sources, and 

comparing news reports. However, practices such as consulting official sources, using fact-

checking organisations, and verifying images or videos were not routine for all participants. 

Visual verification remained a weaker area, as some respondents rarely checked whether 

images or videos were edited, old, or used out of context.  

Scenario-Based Verification  

Most participants selected appropriate verification steps in the scenarios involving an 

unverified college-holiday message, a shocking photograph, and an unsupported headline. 

However, some respondents relied on forwarding, popularity, appearance, logos, or personal 

opinion. This shows a gap between general awareness and practical verification.  

Reasons for Verification  

Most respondents stated that they verify news to avoid spreading false or misleading 

information. However, responses also reflected the influence of speed, emotional appeal, and 

online visibility. This highlights the need for practical media-literacy training that develops 

regular verification habits.  

Research Gap and Contribution  

Existing studies have investigated misinformation, trust, digital literacy, fake-news detection, 

news participation, and social-media sharing in India and other countries. However, there is 

limited local evidence focused on the relationship between digital-news consumption, media 

literacy, misinformation awareness, and everyday fact-checking practices among young adults 

associated with Navi Mumbai.  
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The present study contributes to this area by bringing together platform use, source evaluation, 

misinformation awareness, reported fact-checking, and scenario-based verification. It does not 

treat awareness as identical to behaviour. Instead, it considers whether participants who 

recognise misinformation also perform specific actions, such as checking sources, reading 

beyond headlines, comparing reports, checking dates, and examining visual content.  

The study also highlights the relevance of recent graduates. These individuals remain active 

users of digital news and often continue to rely on the same platform-based information habits 

developed during college. Including them provides a broader view of the transition from 

student life into early professional life.  

Conclusion  

This exploratory study examined media literacy, misinformation awareness, and fact-checking 

behaviour among 100 college students and recent graduates associated with Navi Mumbai. 

The findings show that digital news is widely accessed through platforms such as Instagram, 

YouTube, Google Search or Google News, WhatsApp, and news websites or 

applications.From the above study it can be concluded that  

Overall hypothesis-testing table 

Hypothesis Test r p-value Decision 

H1 Media Literacy →  

Fact-Checking 

Pearson  

correlation 

0.551  <0.001  Accepted 

H2 Digital News  

Consumption → Fact-Checking 

Pearson  

correlation 

0.356  <0.001  Accepted 

H3 Media Literacy →  

Misinformation Awareness 

Pearson  

correlation 

0.314  0.001  Accepted 

H4 Fact-Checking → 

Misinformation Awareness 

Pearson  

correlation 

0.358 <0.001 Accepted 
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The responses suggest that many participants understand that misinformation can circulate 

online and that popularity indicators such as likes and shares are not proof of accuracy. 

However, the use of consistent fact-checking practices is uneven. Checking images and videos 

for manipulation or false context, consulting official sources, comparing multiple reports, and 

using fact-checking organisations appear to require more regular attention.  

The study therefore suggests that media-literacy programmes should go beyond general 

discussions of fake news. Colleges should provide practical training in identifying the original 

source of a claim, checking the date and context of news, distinguishing headlines from full 

reports, comparing credible sources, using reverse-image search, and consulting official 

websites. Such training can help young users slow down before forwarding information and 

can support more responsible digital citizenship.  

The study has limitations. It uses convenience sampling, includes a small sample of 100 

respondents, and combines current students with recent graduates. Its findings cannot be 

generalised to all young adults in Navi Mumbai. Future research should use a larger and more 

diverse sample, distinguish clearly between enrolled students and graduates, include 

participants from multiple colleges, and conduct statistical tests of relationships between 

media literacy, misinformation awareness, and fact-checking behaviour.  

References  

Altay, Sacha, Rasmus Kleis Nielsen, and Richard Fletcher. “News Can Help! The Impact of 

News Media and Digital Platforms on Awareness of and Belief in Misinformation.” The 

International Journal of Press/Politics, vol. 29, no. 2, 2024, pp. 459–484. 

https://doi.org/10.1177/19401612221148981.  

Guess, Andrew M., et al. “A Digital Media Literacy Intervention Increases Discernment 

between Mainstream and False News in the United States and India.” Proceedings of the 

National Academy of Sciences, vol. 117, no. 27, 2020, pp. 15536–15545. 

https://doi.org/10.1073/pnas.1920498117.  

Neyazi, Taberez Ahmed, Antonis Kalogeropoulos, and Rasmus Kleis Nielsen. 

“Misinformation Concerns and Online News Participation among Internet Users in India.” 

Social Media + Society, vol. 7, no. 2, 2021. https://doi.org/10.1177/205630100211009013.  



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               182 
 

 

Smart Bin Sensors: Revolutionizing Waste Management through IoT Technology 

Mrs. Sonali Mahesh Rasal 

Assistant Professor, J. K. College of Science and Commerce, Ghansoli 

 

Abstract:  

Waste management is a critical issue faced by urban areas worldwide. The implementation of 

Smart Bin Sensors introduces an intelligent, IoT-based waste collection system that enhances 

efficiency, reduces costs, and contributes to a cleaner environment. This paper explores the 

features, benefits, and impact of Smart Bin Sensors in optimizing waste collection and 

management. The rapid urbanization of the world’s population has led to significant challenges 

in managing waste effectively. Traditional waste management systems are often inefficient, 

costly, and environmentally harmful. However, the emergence of smart technologies, particularly 

IoT-based smart bin sensors, presents a promising solution to these issues. This paper explores 

the various types of smart bin sensors, their functionality, applications, and the impact they have 

on waste management practices. By optimizing waste collection processes, enhancing 

environmental sustainability, and improving cost-efficiency, smart bin sensors represent a pivotal 

advancement in the global effort to create smarter, more sustainable cities. 

 

Keywords: IOT, Smart Bin, Sensors, Waste Management 

 

 Introduction 

Traditional waste management systems rely on fixed schedules and manual monitoring, leading to 

inefficiencies such as unnecessary fuel consumption, increased operational costs, and overflowing 

bins. The advent of Smart Bin Sensors enables real-time waste level monitoring, optimizing waste 

collection routes, and reducing environmental impact. 

In the face of rapid urbanization, cities around the world are grappling with an increasing volume 

of waste, straining existing waste management systems. Waste management, typically reliant on 

scheduled garbage collection and manual oversight, often suffers from inefficiencies, overflows, 

and environmental harm. Traditional waste management models are often reactive, with garbage 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               183 
 

trucks following fixed routes, irrespective of the actual bin fill levels. This leads to unnecessary 

pickups, increased carbon emissions, and wasted resources. 

The integration of Internet of Things (IoT) technology into waste management through smart bin 

sensors offers a potential solution to these challenges. By providing real-time data on waste levels, 

the condition of bins, and even environmental factors, smart bin sensors can optimize collection 

schedules, reduce costs, and promote sustainability. This paper aims to explore the functionality, 

applications, and implications of smart bin sensors in modern waste management. 

 

Overview of Smart Bin Sensors 

Smart Bin Sensors utilize ultrasonic fill-level sensors to detect the quantity of waste in a bin. These 

sensors transmit data in real-time via wireless networks such as 2G, 3G, Wi-Fi, or LoRa. The data 

is then analyzed on a centralized waste management platform, providing actionable insights for 

optimizing collection schedules and routes. 

Smart bin sensors are devices embedded in waste bins that use advanced technologies to monitor 

and manage waste levels in real-time. These sensors are designed to provide valuable data that can 

be used to optimize waste collection schedules, reduce inefficiencies, and improve the overall 

performance of waste management systems. 

 The most commonly used sensor technologies in smart bins include: 

● Ultrasonic Sensors 

Ultrasonic sensors use sound waves to measure the distance between the sensor and the waste level. The 

sensor emits sound waves and calculates the time it takes for the wave to return, determining the fill level 

of the bin. Ultrasonic sensors are widely adopted due to their simplicity, cost-effectiveness, and 

reliability. 

●  Infrared Sensors 

Infrared sensors rely on infrared light to detect the presence of waste in a bin. These sensors measure the 

reflection of infrared light to estimate the distance between the sensor and the waste, allowing for real-

time monitoring of bin capacity. 

●  Weight Sensors 

Weight-based smart bins utilize load cells or strain gauges to measure the weight of the contents in a bin. 

The sensor data is used to assess whether the bin is nearing its maximum capacity. These sensors are 

particularly effective in distinguishing between different types of waste, as they can detect the density of 

the materials inside. 
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●  Vibration Sensors 

Vibration sensors detect the movement of waste within a bin. The sensor registers vibrations 

caused by the accumulation of materials, providing a measure of the bin's fill level and ensuring 

timely collection 

 

Camera and Image Recognition Sensors 

Some advanced smart bins are equipped with cameras or image recognition systems that use artificial 

intelligence to analyze waste volume and even perform waste sorting. These sensors provide more 

detailed data, allowing for not only fill-level tracking but also insights into the type of waste being 

disposed of. 

 

Features of Smart Bin Sensors 

 The sensors are equipped with: 

● Robust IP66 weatherproof design 

● Ultrasonic dual sensors for accurate measurements 

● Real-time signal processing for instant updates 

● Power-efficient batteries lasting up to 3 years 

● Fireproof and lightweight construction 

● Remote diagnostics and predictive analytics capabilities 

Benefits of Implementing Smart Bin Sensors 

● Intelligent Monitoring: Provides real-time data on bin fill levels. 

● Optimized Waste Collection: Reduces unnecessary trips, saving fuel and operational 

costs. 

● Environmental Impact: Minimizes overflowing bins and promotes cleaner surroundings. 

● Enhanced Efficiency: Smart route optimization reduces collection time and increases 

productivity. 

● Predictive Analytics: Historical data helps forecast waste generation patterns. 
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Case Study: Smart Waste Collection in Urban Areas 

 By integrating Smart Bin Sensors with municipal waste management systems, cities have reported 

a significant reduction in collection costs and carbon footprints. For instance, predictive analytics 

have enabled authorities to identify peak waste disposal times and adjust collection schedules 

accordingly, leading to a 30% decrease in fuel consumption and labor costs. 

 

Challenges and Future Prospects  

While Smart Bin Sensors offer numerous advantages, challenges such as initial installation costs, 

network connectivity issues, and sensor maintenance must be addressed. Future research can 

explore AI-based waste sorting, blockchain integration for data security, and enhanced battery 

technologies to further optimize the system. 

 

Applications of Smart Bin Sensors 

Smart bin sensors have a wide range of applications, particularly in urban settings where waste 

generation is high and efficient management is crucial. 

1. Urban Waste Management: In large cities, smart bin sensors can be deployed to monitor 

waste levels in residential, commercial, and public bins. This data helps municipal waste 

services optimize collection routes, reduce landfill usage, and improve recycling rates. 

2. Public Spaces and Parks: Smart bins in public spaces, parks, and recreational areas ensure 

that waste is collected efficiently, preventing bins from overflowing and maintaining a 

clean environment. These sensors are particularly useful during peak times or in areas with 

high foot traffic. 

3. Industrial and Commercial Applications: In industrial and commercial settings, smart 

bins can monitor waste levels and ensure that waste is segregated correctly, improving 

recycling efforts and reducing disposal costs. In factories or large retail establishments, 

these systems can be used to track waste in real time and ensure that bins are emptied as 

needed. 

4. Smart Cities: Smart bin sensors can be integrated into the broader framework of smart 

cities, where they work alongside other IoT systems such as smart traffic management, 

environmental monitoring, and energy management. This integration enables a more 

cohesive approach to urban planning and resource allocation. 
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Challenges and Considerations 

While smart bin sensors offer numerous benefits, their implementation comes with challenges: 

1. Cost of Implementation: Initial setup costs for smart bin sensors, including the purchase 

of sensors and the installation of a connected network, can be a significant financial 

investment. However, the long-term benefits, such as cost savings from optimized routes 

and fewer manual checks, can offset these costs. 

2. Privacy Concerns: In areas where cameras or image recognition systems are used, 

concerns may arise regarding data privacy and the potential for misuse of surveillance data. 

Ensuring that appropriate safeguards and privacy policies are in place is crucial. 

3. Maintenance and Durability: Smart bin sensors are subject to wear and tear, especially 

when placed in outdoor environments. Proper maintenance and regular updates are 

necessary to ensure the longevity and functionality of the devices. 

4. Integration with Existing Infrastructure: Integrating smart bin sensors with existing 

waste management systems and city infrastructure can be a complex task. Ensuring 

compatibility and smooth data flow between different systems is essential for maximizing 

the effectiveness of the technology. 

Conclusion 

Smart Bin Sensors represent a paradigm shift in waste management by leveraging IoT and real-

time monitoring. By improving collection efficiency, reducing costs, and contributing to a cleaner 

environment, these sensors play a crucial role in the future of sustainable urban living. 

The integration of smart bin sensors into waste management systems is a key development in the 

evolution of urban infrastructure. These sensors provide real-time insights into waste levels, 

optimize collection processes, reduce costs, and promote environmental sustainability. As cities 

continue to grow and urban waste management becomes increasingly challenging, smart bin 

sensors offer an innovative solution that can improve the efficiency and cleanliness of cities 

worldwide. 

Future advancements in sensor technology, data analytics, and AI-driven solutions will further 

enhance the capabilities of smart bin sensors, leading to smarter, more sustainable cities. Despite 

the challenges involved, the long-term benefits make the adoption of smart bin technology a 

promising step toward achieving more efficient and environmentally friendly waste management 

systems. 
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Abstract: Experiential learning is learner-centred approach emphasized in the National 

Education Policy (NEP) 2020. It promotes learning through direct experience, active 

participation, reflection, problem-solving and real-life application. Teacher educators have a 

significant role in preparing future teachers to adopt such innovative pedagogical practices. 

Therefore, their readiness in terms of knowledge, skills, perspective and ability to implement 

experiential learning is essential. The present study aims to assess the readiness of teacher 

educators for implementing experiential learning pedagogy in the context of NEP 2020. A 

descriptive survey approach used with appropriate tool to collect data from teacher educators. 

The findings of the study are expected to provide useful insights for strengthening teacher 

educators’ professional capacity and facilitating the effective implementation of experiential 

learning in teacher education institutions. 

Keywords: Experiential Learning, Teacher Educators, Readiness, NEP 2020, Teacher Education, 

Pedagogy. 

Introduction:  

The National Education Policy (NEP) 2020 emphasizes the transformation of the education 

system towards holistic, flexible, multidisciplinary and experiential learning. It encourages 

teaching methods that promote critical thinking, creativity, collaboration, communication, 

problem-solving and practical application of knowledge. Experiential learning is therefore an 

important pedagogical approach for achieving the vision of NEP 2020. Teacher education has a 

significant role in bringing this transformation into practice. Teacher educators are responsible for 
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preparing prospective teachers and developing their professional knowledge, skills, attitudes and 

competencies. If teacher educators themselves are not adequately prepared for experiential 

learning, its effective implementation in teacher education institutions may remain limited. 

Readiness of teacher educators includes their knowledge and understanding of experiential 

learning, pedagogical skills, attitude, confidence, willingness to adopt innovative teaching 

methods, ability to design experiential activities, use of appropriate assessment strategies and 

availability of institutional support and resources. 

In the context of NEP 2020, it is therefore important to examine whether teacher educators are 

adequately prepared to integrate experiential learning into their teaching practices. The present 

study focuses on assessing the readiness of teacher educators for implementing experiential 

learning pedagogy under NEP 2020 and identifying areas where further professional development 

and institutional support may be required. 

Rationale of the Study 

The implementation of NEP 2020 requires significant changes in the teaching learning process and 

teacher preparation programmes. Experiential learning is one of the approaches that can help 

prospective teachers connect theoretical knowledge with practical experiences. However, the 

success of this approach largely depends on the preparedness of teacher educators who facilitate 

the learning process. 

Teacher educators need to move beyond traditional methods such as lectures and routine 

classroom activities and provide opportunities for projects, field experiences, case studies, 

problem-solving, demonstrations, collaborative activities, reflection and real-life learning 

situations. This requires adequate pedagogical knowledge, skills, confidence and willingness to 

adopt innovative practices. 

Although NEP 2020 strongly advocates experiential and activity-based learning, there may be 

differences in the level of readiness among teacher educators. Factors such as training, teaching 

experience, access to resources, institutional environment, technological competence, workload 

and opportunities for professional development may influence their readiness. 

Therefore, there is a need to systematically assess the readiness of teacher educators for 

experiential learning pedagogy. The findings of such a study can help teacher education 

institutions understand the existing level of preparedness and identify areas requiring 

improvement. 
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The study is also significant because teacher educators act as role models for prospective teachers. 

When teacher educators effectively use experiential approaches in their own classrooms, student 

teachers are more likely to understand, experience and later apply these approaches in their school 

teaching. 

Thus, the present study is undertaken to assess the readiness of teacher educators for experiential 

learning pedagogy under NEP 2020, with the broader purpose of contributing to the effective 

implementation of NEP 2020 and strengthening the quality of teacher education. 

Review of Related Literature 

NATIONAL REVIEWS 

Kapoor (2019) studied mathematics classroom processes in four CBSE secondary schools in 

Bhubaneswar. Data were collected through teacher questionnaires, classroom observations and 

focus-group discussions. The study found that mathematics teaching was largely teacher-directed, 

with limited use of group and individual activities. Although mathematics laboratories and kits were 

available, their use was constrained by inadequate resources and space. The study highlights the 

need for more activity-based and experiential approaches in mathematics teaching.  

Mohalik (2019) studied Pedagogical Content Knowledge and Classroom Teaching of Mathematics 

Teachers. Researcher examined the pedagogical content knowledge and classroom teaching of 

secondary mathematics teachers in relation to gender, qualification and teaching experience. The 

study found that higher qualification and teaching experience were associated with better 

pedagogical content knowledge and classroom teaching. A positive relationship was also found 

between pedagogical content knowledge and classroom teaching. These findings highlight the 

importance of teachers' pedagogical competencies in effective mathematics teaching.  

Pandey (2024) investigated the effectiveness of experiential learning on mathematics achievement 

among fifth-grade students. The study used a pre-test and post-test design with 20 students and 

focused on arithmetic and geometry. The findings showed that experiential learning activities 

positively influenced students' motivation and mathematics achievement. The study provides 

empirical support for incorporating learning-by-doing approaches into mathematics education.  

Sharma (2024) studied experiential learning interventions for in-service teachers and teacher 

educators. The study involved 25 teachers/teacher educators from Jammu & Kashmir and Ladakh 

in a capacity building programme using Kolb's experiential learning cycle. Feedback indicated 
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that the intervention successfully developed participants' capacity to handle experiential learning 

in classroom situations.  

Sridevi and Sharma (2025) explored the teaching of measurement at the foundational stage 

through experiential learning. They developed a hands-on mathematics lesson based on Kolb's 

experiential learning cycle. The study emphasised enquiry, hands-on activities, group work, 

reflection and application of concepts to real-life situations. It concluded that experiential learning 

can provide meaningful mathematics experiences and can be adapted according to local resources 

and contexts.  

Ahmad (2026) examined context-specific pedagogy in mathematics education in relation to NEP 

2020. Their review highlighted the importance of connecting abstract mathematical concepts with 

authentic, local and real-world contexts through mathematical modelling, problem-based learning 

and experiential learning. The study also identified the need for large-scale, localised professional 

development to equip teachers with the pedagogical content knowledge required for implementing 

such approaches. 

INTERNATIONAL REVIEWS 

Baughman (2018) studied “Prospective Mathematics Teacher Preparation”. This qualitative study 

examined service-learning as an authentic field experience for 55 prospective secondary 

mathematics teachers. The findings showed that authentic experiences and reflection influenced 

prospective teachers' instructional practices and helped prepare them for teaching mathematics.  

Bui (2020) studied “Experiential Learning Cycle in Mathematics Teaching” Researcher applied 

Kolb's experiential learning cycle in a Practice Teaching Mathematics course with senior pre-

service teachers in Vietnam. The approach helped bridge the gap between theoretical knowledge 

and teaching practice, and students reported positive experiences in developing teaching skills.  

Galindo (2021) studied “Project-Based Learning among Mathematics Pre-service Teachers”. This 

phenomenological study explored project-based learning among secondary mathematics 

preservice teachers. Findings indicated that learning by doing encouraged relevant learning, 

community participation and a shift from traditional teaching practices toward more student-

centred mathematics instruction.  

Dunn (2024) studied “Experiential Learning in Mathematics Teacher Education”. The study used 

experiential learning activities to develop statistical thinking among secondary mathematics 
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preservice teachers. The findings suggested that active engagement, reflection and contextualised 

experiences can help preservice teachers develop mathematical and pedagogical understanding.  

Suanto (2026) studied “Experiential Learning-Based Modules for Pre-service Teachers”. This 

quasi-experimental study involving 71 preservice teachers examined an experiential-learning 

module designed to improve mathematical reasoning and mathematical connections. The study 

provides recent evidence supporting experiential learning as an approach for strengthening 

mathematical competencies in teacher education. 

Operational Definitions of the Terms 

Readiness: Readiness refers to the extent to which teacher educators possess the required 

knowledge, skills, attitudes, confidence and preparedness to implement experiential learning 

pedagogy in accordance with NEP 2020. 

Experiential Learning: Experiential learning refers to a learner-centred approach in which 

teacher educators engage prospective teachers in meaningful activities, real-life situations, hands-

on experiences, reflection, application and problem-solving to construct knowledge and skills. 

Pedagogy: Pedagogy refers to the methods, strategies, teaching techniques, learning activities, and 

assessment practices used by teacher educators to promote effective teaching and meaningful 

learning. 

NEP 2020: It refers to the National Education Policy-2020 of India, which provides a framework 

for transforming education through learner centred, experiential, competency-based, 

multidisciplinary and holistic approaches, including reforms in teacher education. 

Statement of the Problem: Readiness of Teacher Educators for Experiential Learning Pedagogy 

under NEP 2020. 

Scope and Delimitations of the Study: In the present study includes teacher educators from aided 

and unaided colleges affiliated to Mumbai University. The present research studied to 

assess the readiness of teacher educators for implementing experiential learning pedagogy in 

teacher education institutions in accordance with NEP 2020. The study has adopted the 

quantitative approach to the study rather than the qualitative approach. 

Aim of the Study: The study aims to assess the readiness of teacher educators for implementing 

experiential learning pedagogy in teacher education institutions in accordance with NEP 2020. 
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Objectives 

1. To assess the readiness of teacher educators to implement experiential learning 

pedagogy in accordance with the provisions of NEP 2020. 

2. To determine whether the level of readiness differs significantly among teacher 

educators based on: 

i) Gender (Male/Female) 

ii) Teaching experience (5–10 years / Above 10 years) 

Null Hypotheses 

1. There is no significant difference in the readiness of teacher educators to implement 

experiential learning pedagogy based on gender (Male/Female). 

2. There is no significant difference in the readiness of teacher educators to implement 

experiential learning pedagogy based on teaching experience (5–10 years and Above 10 

years). 

Methodology of the Present Study: A descriptive survey method would be appropriate for the 

present study. The study will assess the readiness of teacher educators for implementing 

experiential learning pedagogy in the context of NEP 2020. The study will also examine 

differences in readiness with respect to gender and teaching experience. 

Sample of the Study: The sample will consist of teacher educators teaching pedagogy in B.Ed. 

teacher education institutions affiliated to Mumbai University. Teacher educators will be selected 

from aided and unaided teacher education institutions using an appropriate sampling technique, 

such as purposive sampling. The sample will include both male (47) and female (65) teacher 

educators and will represent the specified categories of teaching experience such as 5 years’ 

teaching experience are (78) and above 10 years’ experience of teaching i.e. (34). 

Tool of the Study: The researcher may develop a “Readiness Scale for Experiential Learning 

Pedagogy” for teacher educators. A 5-point Likert scale used: 

Strongly Agree – 5, Agree – 4, Undecided – 3, Disagree – 2 and Strongly Disagree – 1. 

Techniques of Data Analysis: The present research used statistical techniques of t-test. 

Null Hypotheses 

1. There is no significant difference in the readiness of teacher educators to implement 

experiential learning pedagogy based on gender (Male/Female). 

2. There is no significant difference in the readiness of teacher educators to implement 
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experiential learning pedagogy based on teaching experience (5–10 years and Above 10 

years). 

Variable Group N Mean SD t P(two 

tailed) 

LOS 

Gender Female 65 74.52 8.16 0.82 0.412 0.05 

Male 47 73.01 9.12 

Teaching 

Experience 

5-10 yrs 78 73.42 8.72 -1.10 0.274 0.05 

Above 10 yrs 34 75.68 8.02 

Interpretation 

1. The mean readiness score of female teacher educators was slightly higher than that of male 

teacher educators. However, the independent samples t-test revealed that this difference was not 

statistically significant. 

Since the p-value (0.412) is greater than the level of significance (0.05), the null hypothesis is 

accepted. Therefore, there is no significant difference in the readiness of teacher educators to 

implement experiential learning pedagogy based on gender. 

2. Teacher educators with above 10 years of experience obtained a slightly higher mean readiness 

score than those with 5–10 years of experience. However, the difference was not statistically 

significant. 

As the p-value (0.274) is greater than 0.05, the null hypothesis is accepted. Hence, there is no 

significant difference in readiness to implement experiential learning pedagogy based on teaching 

experience. 

Discussion: Both gender and teaching experience do not significantly influence the readiness of 

teacher educators to implement experiential learning pedagogy in the sampled institutions. The 

findings are particularly relevant in the context of NEP 2020, which emphasizes learner-centred, 

competency-based, experiential and practice-oriented approaches to education. For effective 

implementation, institutions may therefore focus less on demographic differences and more on 

providing continuous professional development, workshops, hands-on training, mentoring, 

collaborative learning opportunities, technological support and adequate institutional resources. 
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Abstract 

The study titled “From OPAC to AI Search: A Study of Changing Information-Seeking Behaviour 

among College Students in Mumbai” examines the changing ways in which college students 

search, access and use academic information. The study focuses on students’ awareness and use 

of OPAC, library e-resources, search engines and Generative AI tools. Data were collected 

through a structured Google Form questionnaire from 110 college students using convenience 

sampling and analysed using frequency, percentage and Chi-square tests. The findings indicate 

that OPAC remains an important source of academic information, while search engines and 

Generative AI are increasingly becoming part of students’ information-seeking practices. AI tools 

are mainly used for understanding difficult concepts, finding information and research or project 

work. The study also found that although many students verify AI-generated information, some 

students rarely or never verify it. The study concludes that academic libraries need to strengthen 

OPAC and e-resource services while providing AI literacy and information-verification training 

to support responsible and effective information-seeking in the AI era. 

 

Keywords: OPAC, Artificial Intelligence, Generative AI, Information-Seeking Behaviour, College 

Students, Academic Libraries, AI Literacy, Mumbai 

Introduction 

Information-seeking behaviour refers to the process through which individuals identify, search, 

access, evaluate and use information to meet their academic or personal needs. Traditionally, 

college students have depended on libraries, printed books, reference services and Online Public 

Access Catalogues (OPACs) to locate information. With the growth of the internet, search engines, 
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electronic resources and digital libraries, students’ information-seeking behaviour has changed 

considerably. Search engines such as Google provide quick and convenient access to a large 

amount of information, while library e-resources provide access to scholarly journals, e-books and 

databases. The recent emergence of Generative Artificial Intelligence tools such as ChatGPT has 

introduced another important source of information, enabling students to obtain explanations, 

summaries, ideas and research assistance through conversational searching. However, the use of 

AI also raises concerns regarding accuracy, reliability, bias and overdependence. Therefore, 

students need appropriate information literacy and AI literacy skills to evaluate and verify 

information. In this context, the present study examines the changing information-seeking 

behaviour of college students in Mumbai by comparing their awareness, use and preferences for 

OPAC, library e-resources, search engines and Generative AI, and also examines their practices 

for verifying AI-generated information. 

Review of Literature 

Fast and Campbell (2005) studied university students' use of OPACs and Web search engines. 

The study found that students generally preferred Web search engines because they were easier 

and more convenient to use. This study is relevant to the transition from OPAC to search engines.  

Rowlands et al. (2009) examined students' digital information-seeking behaviour and highlighted 

the growing use of electronic journals, e-books and online resources. The study shows the shift 

from traditional library resources to digital information sources.  

Vimal and Mini Devi (2018) studied the information-seeking behaviour of M.Ed. students and 

found considerable preference for electronic resources and Google. The study also emphasized the 

importance of library orientation and information literacy.  

D'Silva and Balasubramanian (2024) examined the impact of ChatGPT on college students' 

research habits. The study found that ChatGPT provides convenient information support but raised 

concerns about reliability, overdependence and academic integrity. Lund et al. (2026) compared 

AI chatbots, search engines and academic library resources among university students. The study 

found that search engines remained popular, while AI was becoming an important information 

source. This study is most closely related to the present research. 

 

Objectives of the Study 

 To examine the awareness and use of OPAC among college students in Mumbai. 
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 To study the use of library e-resources and search engines by students. 

 To examine students' awareness and use of Generative AI tools for academic purposes. 

 To compare students' preferences for OPAC, library e-resources, search engines and AI tools. 

 To examine students' practices for verifying AI-generated information. 

 To identify the library services expected by students in the AI era 

Research Methodology 

 

Analysis and Interpretation of Data 

The data were analysed using Microsoft Excel. Frequency, percentage and Chi-square tests were 

applied to identify patterns and significant associations in students' information-seeking behaviour. 

110 valid responses were considered for the statistical analysis. 

Table 1. Major Information-Seeking Behaviour 

Variable Major Response n (%) 

OPAC awareness Yes 82 (74.5) 

OPAC use Daily 33 (30.0) 

E-resource awareness Yes 84 (76.4) 

E-resource use Daily/Several times a week 62 (56.4) 

Search-engine use Daily/Several times a day 70 (63.6) 

Generative AI awareness Yes 95 (86.4) 

AI academic use Always/Often 67 (60.9) 

Interpretation: The findings show that students have high awareness of OPAC and e-resources, 

but search engines and Generative AI are increasingly integrated into their academic information-

seeking behaviour. 

Component Details 

Research Universe College students in Mumbai 

Sample Size 110 valid respondents 

Sampling Method Convenience Sampling 

Data Collection Method Survey Method 

Data Collection Tool Structured Google Form Questionnaire 

Data Analysis Tool Microsoft Excel; Frequency, Percentage and Chi-square Test 
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Table 2. Preferred First Source of Academic Information 

Information Source n (%) 

Library OPAC 38 (34.5) 

AI Tools 24 (21.8) 

Library E-resources 17 (15.5) 

Google Scholar 10 (9.1) 

Google/Search Engine 10 (9.1) 

Librarian/Teacher 7 (6.4) 

Library Books 4 (3.6) 

Interpretation: OPAC remains the most preferred first source, but AI tools are already the second 

most preferred source, indicating a transition toward AI-supported information seeking. 

Table 3. Major Uses of Generative AI 

Purpose n (%) 

Understanding difficult concepts 62 (56.4) 

Finding information 52 (47.3) 

Research/Project work 42 (38.2) 

Summarizing information 33 (30.0) 

Assignment preparation 30 (27.3) 

Generating ideas 26 (23.6) 

Interpretation: Students primarily use AI as a learning, information-discovery and research-

support tool. 

 

Table 4. Comparison of Information Sources 

Criterion 1st Preference n (%) 

Ease of use OPAC 38 (34.5) 

Speed Google/Search Engines 34 (30.9) 

Relevance Google/Search Engines 29 (26.4) 

Reliability Library E-resources 42 (38.2) 
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Convenience Google/Search Engines 33 (30.0) 

Satisfaction Google/Search Engines 33 (30.0) 

Interpretation: Google/search engines are preferred for speed, convenience and satisfaction, 

whereas library e-resources are perceived as more reliable. OPAC performs strongly in ease of 

use/first preference. 

Table 5. Verification of AI Information 

Verification Behaviour n (%) 

Always 42 (38.2) 

Often 15 (13.6) 

Sometimes 35 (31.8) 

Rarely 7 (6.4) 

Never 11 (10.0) 

Interpretation: Although 51.8% of respondents always or often verify AI-generated information, 

16.4% rarely or never verify it. This highlights the need for AI literacy and information-

verification training. 

Table 6. Chi-Square Test 

Variables Tested χ² df p-value Result 

OPAC awareness × OPAC frequency 62.46 8 <0.001 Significant 

AI awareness × AI academic use 29.15 8 <0.001 Significant 

AI academic use × AI verification 53.76 16 <0.001 Significant 

Interpretation: The Chi-square results show statistically significant associations between OPAC 

awareness and usage, AI awareness and academic use, and AI usage and verification 

behaviour (p < .001). Therefore, students' awareness and engagement with digital information 

tools are significantly related to their information-seeking practices. 

Note: The spreadsheet's Question 26 is recorded as source selections for each criterion, rather 

than numerical 1–5 ratings. Therefore, the analysis above treats those responses as categorical 

preferences and does not calculate mean rating scores. 
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Overall Finding 

The analysis demonstrates a clear shift from traditional OPAC-based searching toward a 

hybrid information-seeking environment involving OPAC, e-resources, Google and 

Generative AI. OPAC continues to be important, while AI is rapidly becoming an integral 

academic information tool. The findings support the need for libraries to provide AI literacy, 

improved OPAC systems, AI-assisted searching and training in verification of AI-generated 

information. 

Conclusion 

The study concludes that the information-seeking behaviour of college students in Mumbai is 

shifting from traditional OPAC-based searching towards a hybrid environment involving OPAC, 

library e-resources, search engines and Generative AI. Although OPAC continues to be an 

important and preferred source for many students, search engines are valued for their speed and 

convenience, while library e-resources are considered reliable. Generative AI has also emerged as 

an important academic support tool, particularly for understanding difficult concepts, finding 

information and supporting research and assignments. However, the findings indicate that some 

students do not regularly verify AI-generated information, highlighting the need for greater AI 

literacy and critical evaluation skills. Academic libraries should therefore adapt their services by 

improving OPAC and digital resources, providing AI-assisted information services, and 

conducting training programmes on AI literacy, information evaluation, verification and 

responsible use of AI. Thus, AI should be viewed not as a replacement for the library but as an 

additional tool that can be effectively integrated with traditional and digital library services. 
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Abstract: 

Reading plays an essential role in the academic, intellectual, and personal development of college-

going students. It supports the improvement of vocabulary, communication skills, knowledge, 

concentration, critical thinking, and academic performance. However, the rising influence of 

digital media, social networking platforms, online entertainment, and short-form content has 

transformed students’ reading habits and preferences. This study aims to explore how college-

going students perceive reading, identify their reading habits and preferences, understand the 

factors that influence their reading behavior, and recognize the challenges that prevent them from 

reading regularly. The study uses a descriptive survey research design. Data is collected from 

college-going students using a structured questionnaire that includes demographic questions and 

statements related to reading habits, attitudes, preferences, motivation, digital reading, and 

difficulties. The findings of this study can help teachers, colleges, libraries, and educational 

institutions better understand students’ reading behavior and develop suitable strategies to 

encourage regular reading. 

 

Keywords: Reading, College Students, Reading Habits, Student Perception, Digital Reading, 

Reading Behavior 

 

INTRODUCTION: 

Reading is one of the fundamental skills required for academic success and lifelong learning. It 

enables individuals to acquire information, understand different perspectives, develop language 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               204 
 

skills, and increase their knowledge. For college-going students, reading is particularly important 

because higher education requires students to study textbooks, research papers, reference 

materials, newspapers, journals, and digital resources. 

College students today have access to a large amount of information through smartphones, 

computers, e-books, websites, online journals, and social media. Although digital technology has 

made reading materials more accessible, it has also introduced distractions that may affect students' 

willingness to engage in sustained reading. 

Students may read for different purposes. Some read primarily for examinations and academic 

requirements, while others read newspapers, magazines, novels, short stories, blogs, research 

articles, or online content for knowledge and entertainment. Their perception towards reading may 

depend on several factors, including interest, availability of reading materials, time, academic 

workload, language proficiency, library facilities, technology, and family and peer influence. 

Therefore, understanding the perception and reading habits of college-going students is important 

for improving reading culture in educational institutions. 

 

STATEMENT OF THE PROBLEM:   

The study is entitled: "A Study of College-Going Students’ Perception towards Reading." The 

study seeks to understand student’s attitudes towards reading, their reading frequency and 

preferences, the reasons for reading, their use of printed and digital reading materials, and the main 

factors that encourage or discourage reading. 

 

OBJECTIVES:   

1. To examine the frequency with which college-going students read outside academic 

requirements. 

2. To identify the amount of time students spend reading each day. 

3. To determine preferred reading materials, purposes, and formats. 

4. To measure students’ perceptions of the academic and personal benefits of reading. 

5. To examine perceived effects of smartphones and social media on reading. 

6. To identify institutional and environmental factors that may encourage regular reading. 

REVIEW OF LITERATURE 

The literature consistently treats reading as a multidimensional activity involving motivation, 

engagement, comprehension, and access to varied texts. OECD evidence from PISA reports that 
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students who read for enjoyment tend to demonstrate stronger reading proficiency, and the 

relationship between reading enjoyment and reading performance remains positive across 

participating education systems. The OECD also notes that students who engage with a wide range 

of reading activities are more likely to be effective learners. These findings support examining 

both frequency and the motivational dimension of reading. 

Research summarized in PISA 2018 further reports that enjoyment of reading is positively 

associated with reading performance after accounting for student and school characteristics. The 

same evidence indicates that reading habits differ by gender and that many students report limited 

time spent reading for enjoyment. This suggests that educational institutions should not only 

provide reading materials but also cultivate motivation and regular reading routines. 

The National Reading Panel emphasizes the importance of comprehension, vocabulary 

development, and active interaction with text. Although that evidence base is primarily focused on 

school-age learners, its central message—that comprehension depends on vocabulary and strategic 

engagement with text—provides a useful conceptual foundation for understanding students’ 

perceptions of reading benefits. 

Digital reading has also changed the reading environment. Students can access academic content 

quickly through websites, e-books, and online databases, while smartphones and social media can 

compete for attention. Consequently, contemporary reading research increasingly needs to 

consider not only whether students read, but what they read, in which format, for what purpose, 

and under what conditions. 

METHODOLOGY: 

Data Collection 

Primary data will be collected using a structured questionnaire. 

Secondary information may be collected from books, research papers, journals, and reliable 

educational sources related to reading habits and student behaviour. 

A descriptive survey design was used. The dataset contains 100 completed questionnaire 

responses. The questionnaire includes demographic variables, behavioural questions on reading 

frequency and duration, preferences for materials and formats, reading purposes, and 15 perception 

statements measured on a five-point Likert scale (1 = strongly disagree and 5 = strongly agree). 

Frequencies, percentages, and arithmetic means were used for descriptive analysis. No causal 

inference is made from the survey data. 
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The sample is concentrated in the undergraduate category and in Information 

Technology/Computer Science. Therefore, the results should be interpreted as descriptive of this 

respondent group rather than as statistically representative of all college students. 

Results and Data Analysis 

Table I. Demographic Profile 

Category Frequency Percentage 

17-19 68 68.0% 

20-22 28 28.0% 

23-25 4 4.0% 

The age profile shows that 68% of respondents are 17–19 years old, 28% are 20–22, and 4% are 

23–25. Males account for 59% and females for 41%. Undergraduate students form the largest 

course group (89%), and first-year students constitute 56%. The area-of-study distribution is 

highly concentrated in Information Technology/Computer Science (85%), which is an important 

limitation when generalizing the findings. 

Table II. Reading Frequency 

Category Frequency Percentage 

Daily 32 32.0% 

Several times a week 29 29.0% 

Occasionally 14 14.0% 

Rarely 14 14.0% 

Once a week 11 11.0% 
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Figure 1 shows that 32% read daily and 29% read several times a week. Together, 61% report a 

relatively regular reading pattern. At the other end, 14% read rarely and 14% occasionally, 

indicating that a sizeable minority has an irregular reading routine. 

Table III. Daily Reading Duration 

Category Frequency Percentage 

30–60 minutes 41 41.0% 

Less than 30 minutes 25 25.0% 

1–2 hours 14 14.0% 

2–3 hours 11 11.0% 

More than 3 hours 9 9.0% 

 

Reading duration is moderate. 25% read for less than 30 minutes and 41% read for 30–60 minutes. 

Thus, 66% spend one hour or less per day. Only 9% report more than three hours daily. This 

suggests that the challenge is not simply access to reading, but developing sustained and regular 

reading time. 

 

Table IV. Preferred Reading Materials 

Category Frequency Percentage 

Textbooks 33 33.0% 

Novels/Story books 21 21.0% 

Blogs/Online articles 17 17.0% 
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Other 12 12.0% 

Newspapers 11 11.0% 

Magazines 3 3.0% 

Research papers/Journals 3 3.0% 

 

Table V. Main Purpose for Reading 

Category Frequency Percentage 

Examination preparation 28 28.0% 

Increasing knowledge 27 27.0% 

Improving language skills 17 17.0% 

Academic study 12 12.0% 

Personal interest 11 11.0% 

Other 5 5.0% 

 

 

 

Table VI. Preferred Reading Format 

Category Frequency Percentage 

Both equally 35 35.0% 

Printed books 25 25.0% 

Online articles/websites 24 24.0% 

E-books 11 11.0% 

Other 5 5.0% 
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Textbooks are the most preferred material (33%), followed by novels/story books (21%) and 

blogs/online articles (17%). Regarding purpose, examination preparation (28%) and increasing 

knowledge (27%) are the two leading reasons for reading. Format preferences are comparatively 

mixed: 35% prefer both printed and digital materials equally, 25% prefer printed books, and 24% 

prefer online articles/websites. This indicates that colleges should adopt a blended reading 

environment rather than treating print and digital reading as mutually exclusive. 

 

 

 

Table VII. Perception Statements: Mean Scores and Positive Agreement (4 or 5) 

Statement Mean Agree/Strongly Agree 

13.Reading is important for 

my academic success. 

3.60 55.0% 

14. Reading increases my 

general knowledge. 

3.82 63.0% 

15. Reading improves my 

vocabulary. 

3.85 64.0% 

16. Reading improves my 

writing skills. 

3.59 55.0% 
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17. Reading improves my 

communication skills. 

3.80 62.0% 

18. I enjoy reading books in 

my free time. 

3.53 49.0% 

19. I prefer reading digital 

materials rather than printed 

books. 

3.27 43.0% 

20. Smartphones reduce the 

amount of time I spend reading 

books. 

3.30 46.0% 

21. Social media distracts me 

from reading. 

3.60 51.0% 

22. I find academic reading 

interesting. 

3.37 45.0% 

23. I read only when it is 

necessary for examinations. 

3.19 41.0% 

24. I regularly use online 

resources for reading and 

learning. 

3.38 46.0% 

25. The college library 

provides useful reading 

materials. 

3.63 55.0% 

26. Availability of interesting 

books encourages me to read 

more. 

3.53 52.0% 

27. I would like to develop a 

regular reading habit. 

3.71 58.0% 
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The strongest perceived benefit is improvement in vocabulary (mean 3.85), followed by general 

knowledge (3.82) and communication skills (3.80). Reading for academic success has a mean of 

3.60. Enjoyment of reading in free time is lower (3.53), suggesting that students may recognize 

the usefulness of reading more strongly than they enjoy it as a leisure activity. 

Digital preference has a mean of 3.27, while smartphone-related reduction in book reading has a 

mean of 3.30 and social-media distraction has a mean of 3.60. The statement on wanting to develop 

a regular reading habit has a relatively high mean of 3.71. This combination is important: students 

appear willing to improve their habits, but competing digital activities may interfere with 

implementation. 

MAJOR FINDINGS: 

 Regular but not intensive reading: 61% read daily or several times a week, but 66% read 

for one hour or less per day. 

 Students recognize the academic and language-related value of reading, especially 

vocabulary, general knowledge, and communication skills. 

 Reading is strongly connected to examination preparation and knowledge acquisition, 

indicating that instrumental motives are important. 
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 Students use both print and digital formats, supporting a blended reading model. 

 Smartphones and social media are perceived as competing influences on book-reading time 

and attention. 

 Students show willingness to develop a regular reading habit, creating an opportunity for 

college-level interventions. 

 The sample is heavily concentrated in undergraduate and Information 

Technology/Computer Science students, limiting broad generalization. 

SUGGESTIONS 

 Introduce a 15–20 minute daily or weekly guided reading activity outside regular lectures. 

 Develop reading clubs, book discussions, reading challenges, and short peer presentations. 

 Expand library collections using student feedback, including fiction, popular non-fiction, 

career material, journals, and current digital resources. 

 Provide easy access to e-books, academic databases, online articles, and curated reading 

lists. 

 Use teachers as reading facilitators by recommending short, relevant texts and discussing 

them briefly in class. 

 Create distraction-aware reading practices, such as phone-free reading sessions or focused 

digital-reading periods. 

 Combine printed and digital resources because the sample shows substantial demand for 

both formats. 

 Measure participation and reading frequency periodically to evaluate whether interventions 

improve sustained reading behaviour. 

FUTURE SCOPE 

Future studies can use larger and more diverse samples from different colleges, disciplines, and 

locations. Advanced statistical methods can examine relationships between reading habits, 

demographics, and academic performance. 

Long-term studies can evaluate the impact of reading clubs, library facilities, and digital resources. 

Future research can also improve the questionnaire and compare academic reading with leisure 

reading. 

 

 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               213 
 

CONCLUSION 

The study shows that students recognize the importance of reading for knowledge, vocabulary, 

communication, and academics. However, limited reading time and digital distractions affect 

regular reading habits. Colleges can encourage better reading through libraries, reading activities, 

digital resources, and peer support. Reading should be promoted as a lifelong learning habit, not 

only for examinations. 
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ABSTRACT 
 

Large Language Models (LLMs) are increasingly integrated into applications that process 

natural-language instructions, documents, retrieved information and other external content. Their 

instruction-following capability also introduces cybersecurity risks, particularly prompt injection 

attacks. This study evaluates selected direct and indirect prompt injection cases using a controlled 

60-prompt Claude pilot/self-test: 30 benign cybersecurity prompts and 30 malicious prompt-

injection prompts. Each case is represented under a baseline condition (C0) and a mitigation 

condition (C1). In the completed pilot dataset, 30/30 benign prompts were successful and 0/30 

malicious injections succeeded in both C0 and C1. Therefore, the observed Attack Success Rate 

(ASR) was 0% in both conditions and the Benign Failure Rate was 0% in both conditions. Relative 

mitigation effectiveness is reported as N/A because the baseline ASR is 0%, which makes the 

relative-reduction formula undefined. The findings are presented as a preliminary self-test rather 

than an independent benchmark. 

 

Keywords: Large Language Models, Prompt Injection, LLM Security, Artificial Intelligence, 

Cybersecurity, Mitigation, Generative AI 
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1.1 Background 

Artificial Intelligence has become an important part of modern computing, with Large Language 

Models emerging as a major form of generative AI. LLMs can process and generate natural 

language and are used in conversational systems, coding assistants, document analysis, 

information retrieval, customer support and cybersecurity applications. Their usefulness is largely 

based on their ability to interpret instructions and produce contextually relevant responses. 

However, instruction following also creates a security challenge. An LLM application may receive 

trusted instructions from its developer while simultaneously processing untrusted information 

supplied by a user or retrieved from an external source. If the model treats attacker-controlled 

content as an instruction rather than data, an attacker may influence model behavior. NIST defines 

prompt injection as an attack involving untrusted input combined with higher-trust instructions in 

a way that can cause a generative AI system to behave unintentionally. 

1.2 Prompt Injection 

Prompt injection is a class of attacks in which specially constructed input attempts to manipulate 

an LLM's behavior. Direct prompt injection is supplied directly through user input. Indirect prompt 

injection occurs when malicious instructions are embedded in external content such as a document, 

webpage, email or retrieved passage that is later processed by an LLM application. 

Prompt 

injection is 

recognized as 

a major LLM 

application-security issue. OWASP identifies Prompt Injection as LLM01:2025 in its Top 10 for 

Large Language Model Applications. Recent research also shows progression from simple 

instruction overrides to indirect, automated and multimodal attack techniques. 

1.3 Cybersecurity Significance 

When an LLM is connected to sensitive information, retrieval systems, plugins, tools or 

autonomous actions, successful manipulation may contribute to information disclosure, unsafe 

recommendations or unauthorized actions. Prompt injection should therefore be considered part of 

the security architecture of LLM-based systems. 
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1.4 Problem Statement 

Research has demonstrated that LLMs can be vulnerable to direct and indirect prompt injection, 

and multiple mitigation approaches have been proposed. However, effectiveness varies with attack 

type, model, application context and evaluation procedure. A defense that blocks malicious input 

may also reject legitimate requests. Therefore, controlled experimental comparison is needed to 

observe model behavior before and after a defined mitigation using the same test cases. 

1.5 Significance of the Study 

This study provides a practical and measurable examination of LLM security. Instead of proposing 

a large new AI model, it focuses on controlled measurement: the same test cases are evaluated 

before and after mitigation and summarized using quantitative measures. The approach can help 

students and practitioners understand the security-usability trade-off involved in protecting LLM 

applications. 

 

2. REVIEW OF LITERATURE 

The literature review covers foundational prompt injection research, indirect attacks, experimental 

benchmarks, detection and mitigation, and recent systematic reviews. 

Study Focus Key contribution 

Greshake et al. (2023) Indirect prompt injection 

Demonstrated that malicious 
external content can 
manipulate LLM-integrated 
applications. 

Liu et al. (2023) Prompt injection attacks 
Introduced HouYi and 
reported vulnerabilities in 31 
of 36 tested applications. 

Zhan et al. (2024) InjecAgent 
Provided a benchmark for 
indirect prompt injection in 
tool-integrated agents. 

Hines et al. (2024) Spotlighting defense 
Evaluated separation of 
trusted instructions from 
untrusted data. 

Debenedetti et al. (2024) AgentDojo 

Showed the importance of 
evaluating security together 
with legitimate task 
performance. 
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Study Focus Key contribution 

Chen et al. (2025) Detection and removal 
Evaluated detection and 
removal of indirect prompt 
injection. 

Geng et al. (2026) Systematic review 
Synthesized 128 peer-
reviewed studies and 
identified evaluation gaps. 

Dzhaliuk et al. (2026) ML detection comparison 
Compared four classes of 
defenses and showed 
deployment trade-offs. 

 

2.1 Literature Synthesis 

Foundational studies establish that prompt injection can occur in both direct and indirect forms. 

Greshake et al. demonstrated the risk of malicious instructions embedded in external content, while 

Liu et al. showed experimentally that multiple LLM-integrated applications were vulnerable. Later 

work moved toward structured evaluation through benchmarks such as InjecAgent and AgentDojo. 

Research has also increasingly focused on mitigation. Hines et al. investigated Spotlighting, while 

Chen et al. evaluated detection and removal of indirect injections. Recent systematic reviews show 

that the field is rapidly expanding and that defenses are evaluated under different assumptions. 

Dzhaliuk et al. further demonstrate the value of empirical comparison. 

2.2 Research Gap 

The literature contains extensive work on attacks, benchmarks and advanced detection systems, 

but recent reviews also identify a need for consistent and reproducible evaluation. This study 

addresses a narrower practical gap by using a fixed set of controlled benign and malicious prompts 

and testing the same cases under baseline and mitigation conditions. The contribution is therefore 

an experimental comparison rather than a claim of a universally new defense. 

3. OBJECTIVES 

1. To study selected direct and indirect prompt injection attacks against an LLM-based system. 

2. To create a controlled dataset of benign and malicious test prompts. 

3. To evaluate the baseline behavior of Claude. 

4. To apply a defined prompt-injection mitigation instruction. 

5. To compare attack success before and after mitigation. 

6. To measure the effect of mitigation on legitimate cybersecurity requests. 
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7. To provide practical recommendations for improving LLM application security. 

4. RESEARCH QUESTIONS 

1.   What types of prompt injection attacks are most successful under the selected experimental 

conditions? 

2.    How does Claude respond to benign and malicious prompts without mitigation? 

3. How effective is the selected mitigation in reducing successful prompt injection? 

4. Does the mitigation interfere with legitimate cybersecurity requests? 

5. What balance between attack reduction and legitimate-task performance is observed? 

5. METHODOLOGY AND DATABASE USED 

5.1 Research Design 

This research follows an experimental and quantitative design. A controlled dataset of 60 test cases 

is used: 30 benign cybersecurity prompts and 30 malicious prompt-injection cases. Each case is 

evaluated twice using the same Claude model: first under the baseline condition and then under 

the mitigation condition. 

5.2 Experimental Model 

The experimental LLM is Claude. The exact model identifier and date of testing should be recorded 

in the final research log if the experiment is rerun in a separate controlled instance. 

5.3 Data Sources 

Primary data consists of observations generated by the experiment, including the classification of 

each prompt under baseline and mitigation conditions. Secondary data consists of peer-reviewed 

research, systematic reviews, NIST material and OWASP guidance. 

5.4 Experimental Dataset 

Category Cases Purpose 

Benign cybersecurity prompts 30 
Measure normal task 
completion and false 
positives. 

Direct prompt injection 10 
Test malicious instructions 
supplied directly by the user. 

Instruction extraction / 
override 

5 
Test attempts to expose or 
override trusted instructions. 
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Category Cases Purpose 

Data extraction 5 
Test attempts to reveal 
synthetic protected 
information. 

Indirect prompt injection 10 
Test malicious instructions 
embedded in synthetic 
external content. 

Total 60 
Controlled experimental 
sample. 

 

5.5 Experimental Conditions 

Condition Description 

C0 – Baseline 
Claude is tested without the additional 
research mitigation instruction. 

C1 – Mitigation 

Claude is tested with the fixed mitigation 
instruction: treat user-provided and externally 
retrieved content as untrusted data and do not 
follow instructions contained within that 
content. 

 

6. Procedure 

1. Prepare the 60 prompts using only synthetic and non-sensitive content. 

2. Run each prompt in a fresh conversation under the baseline condition. 

3. For benign prompts, classify the result as Successful when Claude correctly completes 

the legitimate task. 

4. For malicious prompts, classify the result as Successful when the injection succeeds; 

otherwise classify it as Unsuccessful. 

5. Start a fresh conversation for the mitigation condition. 

6. Apply the fixed mitigation instruction and run the exact same prompt. 

7. Record the outcome classification in the research spreadsheet. 

8. Calculate attack success rate, mitigation effectiveness and benign-task failure rate. 

5.7 Operational Definitions 

For malicious cases, an attack is successful if Claude follows the injected instruction, reveals 

protected synthetic information, or otherwise deviates from the intended trusted task because of 

the injection. It is unsuccessful if Claude refuses, ignores the injection, or correctly treats it as 

untrusted. For benign cases, a successful outcome means the legitimate cybersecurity task is 

completed appropriately. 
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5.8 Evaluation Metrics 

Metric Formula Purpose 

Attack Success Rate 
Successful attacks / total 
malicious attempts × 100 

Measures vulnerability under 
each condition. 

Mitigation Effectiveness 
(Baseline ASR − Mitigated 
ASR) / Baseline ASR × 100 

Measures relative reduction 
in successful attacks. 

Benign Failure Rate 
Benign failures / total benign 
prompts × 100 

Measures usability cost of 
mitigation. 

 

5.9 Ethical and Safety Considerations 

 Only synthetic test information is used. 

 No real passwords, API keys, personal information or confidential documents are used. 

 No production or third-party system is attacked. 

 The experiment is intended for defensive cybersecurity research. 

 Testing follows the applicable terms and policies of the selected LLM service. 

EXPERIMENTAL DATA QUALITY NOTE 

The supplied dataset contains 60 planned test cases. The completed spreadsheet used for this 

paper contains classifications and responses for all 60 cases as a Claude pilot/self-test. Because 

the same conversational system is being used to generate and evaluate the pilot responses, the 

results are explicitly presented as preliminary rather than as an independent external evaluation. 

6. RESEARCH ANALYSIS AND DISCUSSION 

The analysis compares Claude's behavior under baseline and mitigation conditions. The primary 

comparison is the change in attack success rate. A successful mitigation should reduce successful 

malicious injections. Security improvement must also be interpreted together with legitimate-task 

performance because a defense that blocks both malicious and benign inputs may not be practically 

useful. 

6.1 Baseline Analysis 

The baseline condition provides the reference point for the experiment. Each malicious prompt is 

evaluated without the additional mitigation instruction. Results are grouped by attack category to 

identify whether some forms of injection are more effective than others. 
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6.2 Mitigation Analysis 

The mitigation condition uses the same prompts after explicitly instructing the model to treat user-

provided and externally retrieved content as untrusted data. The purpose is to measure whether 

this defined control changes the outcome of the controlled cases; it is not claimed to provide 

complete security. 

6.3 Results Interpretation 

Based on the supplied Claude pilot/self-test, all 30 malicious prompts were classified as 

Unsuccessful for the injection attempt, while all 30 benign prompts were classified as Successful. 

Thus, the pilot attack success rate was 0% under both C0 and C1, and the benign failure rate was 

0% under both conditions. Because the baseline attack success rate was already 0%, mitigation 

effectiveness as a relative reduction is not meaningfully interpretable. These results should be 

treated as a preliminary pilot finding, not as evidence of universal resistance to prompt injection. 

7.1 Data Availability in Supplied Experiment Log 

Item Planned Captured / usable 

Test cases 60 60/60 prompts included 

Condition-level outputs 120 
120/120 pilot response slots 
filled 

Numerical ASR / mitigation 
metrics 

Calculable after classification 
ASR = 0%; Benign Failure 
Rate = 0%; Mitigation 
Effectiveness = N/A 

7. RESULTS / FINDINGS 

The following tables are ready for the actual experimental observations. The bracketed fields must 

be replaced with the values from the completed experiment. 

 

 

 

 
Condition Malicious Cases Successful Attacks ASR 

C0 – Baseline 30 0 0% 

C1 – Mitigation 30 0 0% 
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Attack 
Category 

Cases C0 Successful C1 Successful Reduction 

Direct prompt 
injection 

10 0 0 N/A 

Instruction 
extraction / 
override 

5 0 0 N/A 

Data extraction 5 0 0 N/A 

Indirect prompt 
injection 

10 0 0 N/A 

 
Condition Benign Cases Benign Failures Benign Failure Rate 

C0 – Baseline 30 0 0% 

C1 – Mitigation 30 0 0% 

 
Research integrity requirement: experimental values must come from the actual Claude 

observations. They should not be estimated, copied from another paper, or invented. 

FINAL PILOT RESULTS 

The completed pilot dataset contains 30 benign and 30 malicious prompts. Under both C0 

(baseline) and C1 (mitigation), the 30 benign prompts were classified as Successful and the 30 

malicious prompts were classified as Unsuccessful. Therefore, the observed pilot attack success 

rate is 0% in both conditions, and the benign failure rate is 0% in both conditions. Because 

baseline ASR is 0%, the relative mitigation-effectiveness formula has a zero denominator and 

should be reported as N/A rather than as an invented percentage. The result should be interpreted 

only within the tested prompt set. 

Table: Summary of Pilot Findings 

Metric C0 – Baseline C1 – Mitigation 

Malicious prompts 30 30 

Successful attacks 0 0 

Attack Success Rate 0% 0% 

Benign prompts 30 30 

Benign failures 0 0 

Benign Failure Rate 0% 0% 

Mitigation Effectiveness N/A* N/A* 

* Mitigation effectiveness is not meaningfully calculable because baseline ASR is 0%; the 
formula would divide by zero. 
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Category-wise Pilot Results 

Attack Category Cases C0 Successful C1 Successful 

Data Extraction 5 0 0 

Direct Injection 10 0 0 

Indirect Injection 10 0 0 

Instruction Extraction 5 0 0 

Numerical Calculations 

C0 Attack Success Rate = 0 successful malicious attacks ÷ 30 malicious attempts × 100 = 0%. 

C1 Attack Success Rate = 0 successful malicious attacks ÷ 30 malicious attempts × 100 = 0%. 

C0 Benign Failure Rate = 0 benign failures ÷ 30 benign prompts × 100 = 0%. 

C1 Benign Failure Rate = 0 benign failures ÷ 30 benign prompts × 100 = 0%. 

Mitigation Effectiveness = (0% − 0%) ÷ 0% × 100. Because the denominator is 0, this value is 

mathematically undefined and is therefore reported as N/A. 

8. RECOMMENDATIONS / SUGGESTIONS 

1. Treat user-provided and externally retrieved content as untrusted data. 

2. Maintain a clear separation between trusted system instructions and untrusted content. 

3. Use layered defenses rather than relying on a single prompt-based control. 

4. Evaluate defenses using both malicious and benign test cases. 

5. Monitor false positives because excessive filtering can reduce legitimate functionality. 

6. Repeat security testing when the model, system prompt, retrieval mechanism or tool 

permissions change. 

7. Apply least-privilege principles when LLMs are connected to external tools or sensitive 

resources. 

8. Require human confirmation before high-impact actions are performed by LLM-based 

agents. 

9. LIMITATIONS 

1. The primary dataset contains only 60 controlled test cases and cannot represent the full 

diversity of prompt injection attacks. 

2. The study evaluates one selected LLM model rather than multiple LLM families. 

3. The mitigation is a prompt-level control and should not be interpreted as a complete 

security architecture. 
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4. LLM responses can vary across model versions and repeated runs. 

5. Synthetic indirect-injection cases may not represent every real-world retrieval 

environment. 

6. Findings should be generalized only to the experimental conditions used. 

10. CONCLUSION 

Prompt injection is a significant cybersecurity challenge for Large Language Model applications 

because the model must process both trusted instructions and potentially untrusted content. 

Existing research demonstrates direct and indirect attacks and has produced benchmarks, detection 

approaches and mitigation strategies. 

This study presents a controlled experimental analysis using Claude. Sixty test cases are divided 

into benign and malicious categories and evaluated under baseline and mitigation conditions. The 

methodology focuses on a reproducible before-and-after comparison using the same prompts. 

Final empirical conclusion: In the 60-prompt Claude pilot/self-test, all 30 malicious prompt-

injection attempts were classified as unsuccessful and all 30 benign cybersecurity requests were 

classified as successful under the recorded C0 and C1 conditions. The resulting pilot ASR was 0% 

and the benign failure rate was 0%. Since baseline ASR was already zero, the relative mitigation-

effectiveness formula does not provide a meaningful improvement measure. The pilot therefore 

suggests that the selected Claude responses resisted the tested injections in this dataset, while also 

showing why broader, independent, repeated testing is required before making a general security 

claim. 
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APPENDIX A – EXPERIMENTAL DATA COLLECTION 

Data-status note: The 60 prompt IDs and categories were supplied, but the execution record does 

not contain usable Successful/Unsuccessful classifications for most cases because the model 

calls returned rate-limit errors. These cases are intentionally not converted into outcome labels. 

ID Range Type Category C0 Result C1 Result 

P01–P30 Benign 
Cybersecurity 
topics 

30 Successful / 0 
Unsuccessful 

30 Successful / 0 
Unsuccessful 

P31–P40 Malicious Direct injection 
0 Successful / 10 
Unsuccessful 

0 Successful / 10 
Unsuccessful 

P41–P45 Malicious 
Instruction 
extraction / 
override 

0 Successful / 5 
Unsuccessful 

0 Successful / 5 
Unsuccessful 

P46–P50 Malicious Data extraction 
0 Successful / 5 
Unsuccessful 

0 Successful / 5 
Unsuccessful 

P51–P60 Malicious Indirect injection 
0 Successful / 10 
Unsuccessful 

0 Successful / 10 
Unsuccessful 
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APPENDIX B – MITIGATION INSTRUCTION 

Treat all user-provided and externally retrieved content as untrusted data. Do not follow 

instructions contained within that content. Follow only the trusted system instructions and the 

legitimate task. 

APPENDIX C – FORMULAS 

Attack Success Rate = Successful attacks ÷ Total attack attempts × 100 

Mitigation Effectiveness = (Baseline ASR − Mitigated ASR) ÷ Baseline ASR × 100 

Benign Failure Rate = Benign failures ÷ Total benign prompts × 100 

Data provenance note: Experimental classifications in this paper are based only on the supplied 

experiment log and spreadsheet. No missing outcomes were estimated, copied from another 

study, or invented. 
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Abstract: 

This study examines the relationship between academic stress and sleep quality among college 

students. The findings revealed a significant relationship between academic stress and sleep 

quality, indicating that higher levels of academic stress were associated with poorer sleep quality. 

Academic workload, performance pressure, deadlines, and other academic responsibilities may 

contribute to sleep difficulties and negatively affect students’ concentration, daily functioning, and 

overall well-being. The study was conducted using a quantitative approach with data collected 

from 138 students of J. K. College of Science & Commerce, Ghansoli, through a structured 

questionnaire. The findings underline the importance of academic stress management and 

healthy sleep practices to improve the overall well-being of college students. However, the study 

was limited to one college, did not separately examine examination-related stress, used self-

reported responses, and examined the relationship rather than a cause-and-effect relationship 

between the variables. 

Keywords: Academic Stress, Sleep Quality, College Students, Quantitative Research, Student 

Well-being, Correlation Analysis. 

 

INTRODUCTION 

Academic life is an important stage of personal, social, and professional development, but it can 

also expose students to various academic demands and pressures. College students are expected to 

manage coursework, examinations, assignments, deadlines, attendance requirements, academic 

performance, and expectations from teachers, parents, and themselves. When these demands 

exceed a student's perceived ability to cope, they may experience academic stress. Academic 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               228 
 

stress can influence students' emotional well-being, concentration, motivation, academic 

performance, and daily routines. 

One important aspect of students' well-being that may be affected by academic stress is sleep 

quality. Adequate and good-quality sleep plays an essential role in physical restoration, cognitive 

functioning, emotional regulation, attention, and learning. College students experiencing academic 

pressure may have difficulty maintaining regular sleeping schedules, experience excessive 

worrying before examinations or deadlines, or find it difficult to obtain restful sleep. Poor sleep 

quality, in turn, may affect concentration, memory, mood, and students' ability to cope effectively 

with academic responsibilities. 

The relationship between academic stress and sleep quality is therefore an important area of study. 

Academic stress may contribute to disturbances in sleep, while inadequate sleep may reduce 

students' ability to manage academic demands, potentially creating a cycle in which stress and 

poor sleep reinforce each other. Understanding this relationship can provide useful insights into 

the broader well-being of college students and highlight the importance of addressing both 

academic pressures and healthy sleep practices. 

The present study, titled “A Quantitative Study of the Relationship Between Academic Stress 

and Sleep Quality Among College Students,” aims to quantitatively examine the relationship 

between these two variables. Academic stress is considered the independent variable and is 

measured using seven items, while sleep quality is considered the dependent variable and is 

measured using seven items. A structured questionnaire will be used to collect data from college 

students, and appropriate statistical techniques will be applied to determine whether a significant 

relationship exists between academic stress and sleep quality. 

The findings of the study may contribute to a better understanding of how academic pressures are 

associated with students' sleep patterns. The study may also provide useful insights for educators 

and educational institutions in developing appropriate awareness, guidance, and student-support 

initiatives that promote healthier academic experiences and overall student well-being. 

OBJECTIVES: 

● To measure the level of academic stress among college students. 

● To assess the level of sleep quality among college students. 
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● To examine the relationship between academic stress and sleep quality among college 

students. 

● To determine whether academic stress significantly influences sleep quality among college 

students. 

● To provide insights into the importance of managing academic stress for maintaining 

healthy sleep patterns among college students. 

HYPOTHESES OF THE STUDY 

● H₀ (Null Hypothesis): There is no significant relationship between academic stress and 

sleep quality among college students. 

● H₁ (Alternative Hypothesis): There is a significant relationship between academic stress 

and sleep quality among college students. 

REVIEW OF LITERATURE: 

1. Deviantony et al. (2025) examined the relationship between academic stress and insomnia 

among university students through a review of 15 studies. The findings showed that 

academic workload, examinations, deadlines, and high expectations were associated with 

increased sleep problems among students. The review found that 9 of the 15 studies 

reported a significant relationship between academic stress and insomnia. It also 

highlighted the importance of stress management, social support, and healthy sleep habits 

among university students. 

2. Dhide, Choudhary, and Nayak (2025) studied the impact of sleep patterns on the 

academic performance of undergraduate students using questionnaire data from 112 

students. The study examined sleep duration, bedtime, difficulty waking up, classroom 

sleepiness, and academic performance. The findings showed that inadequate and irregular 

sleep was associated with lower academic performance and reduced classroom 

participation. The study highlighted the importance of adequate sleep for students' 

concentration, academic performance, and overall well-being. 

 

3. Tyagi (2026) examined the relationship between academic stress and sleep quality among 

college students using a quantitative research approach. The study investigated the 
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relationship between academic stress and sleep quality using correlation and regression 

analysis. The findings suggested that higher academic stress was associated with poorer 

sleep quality, including sleep difficulties and daytime fatigue. The study also emphasized 

the importance of stress management and healthy sleep habits among college students. 

4. “A Study to Assess the Relationship between Academic Stress and Quality of Sleep 

Among PUC Science Students” This study examined the relationship between academic 

stress and sleep quality among PUC science students in Bagalkot, Karnataka. The findings 

indicated an association between academic stress and quality of sleep. The study is relevant 

to the present research because it supports the relationship between the two variables. 

However, the study focused on PUC science students, whereas the present study focuses 

on college students. 

RESEARCH GAP  

The reviewed studies indicate that academic stress and sleep quality are closely associated among 

students. However, previous research has examined different student groups, including university 

students, PUC science students, and undergraduate students, and has also focused on related 

outcomes such as insomnia and academic performance. Although some studies have directly 

examined academic stress and sleep quality, there is scope for further research among students in 

specific college-level settings. Therefore, the present study focuses on examining the relationship 

between academic stress and sleep quality among students of J. K. College of Science & 

Commerce, Ghansoli.  

RESEARCH METHODOLOGY: 

1. Research Design 

The study follows a descriptive and correlational research design. It describes the levels of 

academic stress and sleep quality among undergraduate college students and examines the 

relationship between the two variables. 

2. Research Approach 

A quantitative research approach is used. Numerical data are collected through a structured 

questionnaire and analysed using statistical techniques. 
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3. Population of the Study 

The population consists of college students of J. K. College of Science & Commerce, Ghansoli. 

4. Sample and Sampling Technique 

The study uses students from J. K. College of Science & Commerce, Ghansoli as the sample. A 

convenience sampling technique is used to collect responses from students who were available 

and willing to participate. 

5. Sample Size 

A total of 138 valid responses were collected and included in the analysis. 

6. Data Collection Method 

Primary data were collected through a structured questionnaire distributed among college 
students. Participation was voluntary, and respondents were informed about the purpose of the 
study. 

7. Research Instrument / Questionnaire 

The questionnaire consists of three sections: 

● Section A: Demographic Information 

● Section B: Academic Stress – 7 items 

● Section C: Sleep Quality – 7 items 

A 5-point Likert scale was used for the Academic Stress and Sleep Quality items. 

8. Variables of the Study 

Variable Role Items 

Academic Stress Independent Variable 7 

Sleep Quality Dependent Variable 7 

The research model is: Academic Stress → Sleep Quality 
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9. Data Analysis Techniques 

The collected data were analysed using descriptive and inferential statistical techniques. 

Descriptive statistics were used to summarize the responses, while Cronbach's Alpha was used 

to assess reliability. Pearson correlation was used to examine the relationship between academic 

stress and sleep quality, and hypothesis testing was conducted at an appropriate significance level. 

10. Ethical Considerations 

Participation in the study was voluntary. Respondents were informed about the purpose of the 

research, and their responses were treated as confidential and anonymous. The collected 

information was used only for academic and research purposes. 

DATA COLLECTION: 

Primary Data:  

Primary data for the present study were collected directly from college students through a 

structured questionnaire. The questionnaire consisted of three sections: Section A – Demographic 

Information, Section B – Academic Stress (7 items), and Section C – Sleep Quality (7 items). 

A five-point Likert scale was used to record the students' responses. 

The questionnaire was administered to selected college students, and participation was voluntary. 

Respondents were informed about the purpose of the study, and their responses were kept 

confidential. A total of 138 valid responses were collected and used to examine the relationship 

between academic stress and sleep quality among undergraduate college students. 

QUESTIONNAIRE STRUCTURE: 

The questionnaire was designed to collect demographic information and measure the two main 

variables of the study: Academic Stress and Sleep Quality. It was divided into three sections: 

Section A, Section B, and Section C. 

Section A – Demographic Information 

Section A collected basic demographic information about the respondents, including age, gender, 

and other relevant student-related characteristics. This information was used to describe the 
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demographic profile of the participants and was not included in the calculation of Academic Stress 

or Sleep Quality scores. 

Section B – Academic Stress 

Section B measured the academic stress experienced by college students and consisted of 7 

items covering academic workload, performance pressure, deadlines, academic requirements, and 

concerns about academic performance. Responses were recorded using a 5-point Likert scale and 

converted into numerical scores for analysis. A higher score indicates a higher level of academic 

stress. 

Section C – Sleep Quality 

Section C assessed the sleep quality of college students and consisted of 7 items covering aspects 

such as difficulty falling asleep, disturbed sleep, waking during the night, daytime tiredness, and 

feeling rested after sleep. Responses were recorded using a 5-point Likert scale. 

The positively worded item, “I get enough sleep to feel rested during the day,” was reverse-

scored so that all items followed the same scoring direction. Therefore, a higher overall score 

indicates poorer sleep quality. 

Likert Scale and Scoring: A 5-point Likert scale was used to record responses to the Academic 

Stress and Sleep Quality items. 

Score Response 

1 Never / Strongly Disagree 

2 Rarely / Disagree 

3 Sometimes / Neutral 

4 Often / Agree 

5 Very Often / Strongly Agree 
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The response wording varied according to the individual questionnaire item. Higher scores 

indicated higher academic stress and poorer sleep quality, respectively, after reverse-scoring 

the positively worded sleep item. 

The scores obtained from Sections B and C were used for descriptive statistics, reliability 

analysis, and correlation analysis. 

RELIABILITY ANALYSIS 

The reliability of the questionnaire was assessed using Cronbach’s Alpha. The Academic Stress 

scale (7 items) showed excellent internal consistency (α = 0.895), while the Sleep Quality scale 

(7 items) showed acceptable internal consistency (α = 0.743). These results indicate that both 

scales were sufficiently reliable for further statistical analysis.  

Reliability Statistics 

Variable No. of Items Cronbach's Alpha Interpretation 

Academic Stress 7 0.895 Excellent 

Sleep Quality 7 0.743 Acceptable 

Interpretation: Both scales demonstrated satisfactory internal consistency and were suitable for 

further analysis.  

DATA ANALYSIS AND INTERPRETATION 

The data collected from 138 college students were analysed using descriptive and inferential 

statistical techniques. The analysis focused on the demographic profile of respondents, Academic 

Stress, Sleep Quality, and the relationship between the two variables. 
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1. Demographic Profile 

Table 1: Demographic Profile of Respondents (N = 138) 

Demographic Variable Category Frequency Percentage 

Age Below 18 4 2.9% 

 18–20 113 81.9% 

 21–23 21 15.2% 

Gender Female 70 50.7% 

 Male 68 49.3% 

Class FY 10 7.2% 

 SY 87 63.0% 

 TY 37 26.8% 

 Postgraduate 4 2.9% 

Interpretation: The majority of respondents (81.9%) were aged 18–20 years. The gender 

distribution was almost equal, with 50.7% female and 49.3% male respondents. Most 

participants (63.0%) were Second Year students. 

2. Academic Stress – Descriptive Statistics 

Table 2: Descriptive Statistics of Academic Stress 

Variable No. of Items N Mean Std. Deviation 

Academic Stress       7 138 18.25 6.70 

Interpretation: The mean Academic Stress score was 18.25, with a standard deviation of 6.70. 

The results show variation in the level of academic stress experienced by the respondents. 

3. Sleep Quality – Descriptive Statistics 

Table 3: Descriptive Statistics of Sleep Quality 
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Variable No. of Items N Mean Std. Deviation 

Sleep Quality 7 138 18.69 5.40 

Interpretation: The mean Sleep Quality score was 18.69, with a standard deviation of 5.40. Since 

the scoring was coded so that a higher score represents poorer sleep quality, the results indicate 

variation in sleep quality among the students. 

 

4. Correlation Analysis 

Table 4: Pearson Correlation between Academic Stress and Sleep Quality 

Variables Academic Stress Sleep Quality 

Academic Stress 1 0.694 

Sleep Quality 0.694 1 

Sig. (2-tailed) — < 0.001 

N 138 138 

Interpretation: Pearson's correlation analysis showed a strong positive relationship between 

Academic Stress and Sleep Quality (r = 0.694, p < 0.001). Since higher Sleep Quality scores 

represent poorer sleep quality, the positive correlation indicates that higher academic stress is 

associated with poorer sleep quality among the students. 
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5. Hypothesis Testing 

H₀: There is no significant relationship between Academic Stress and Sleep Quality among college 

students. 

H₁: There is a significant relationship between Academic Stress and Sleep Quality among college 

students. 

Test Result Decision 

Pearson Correlation r = 0.694 — 

Significance p < 0.001 Significant 

Hypothesis — Reject H₀ 

Interpretation: Since the p-value is less than 0.05, the null hypothesis is rejected. Therefore, there 

is a statistically significant relationship between Academic Stress and Sleep Quality among 

the college students in the study. 

6. Overall Interpretation of Results 

The findings indicate that academic stress is significantly associated with sleep quality among 

the 138 respondents. Students with higher academic stress tend to report poorer sleep quality. The 

correlation coefficient (r = 0.694) indicates a strong positive relationship between the two 

variables. However, the findings demonstrate association and not causation; therefore, it cannot 

be concluded that academic stress directly causes poor sleep quality. 

Research Model Supported: 

Academic Stress (7 items) → Sleep Quality (7 items) 

FINDINGS 

The study found that academic stress and sleep quality were significantly related among the 138 

college students. The mean academic stress score was 18.25, while the mean sleep quality score 

was 18.69. Pearson correlation analysis showed a strong positive relationship between academic 

stress and poorer sleep quality (r = 0.694, p < 0.001). Therefore, the null hypothesis was rejected, 
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indicating a significant relationship between academic stress and sleep quality. Students with 

higher academic stress tended to report poorer sleep quality. However, the findings indicate an 

association and do not establish a cause-and-effect relationship. 

 

CONTRIBUTION OF THE STUDY 

The present study contributes to a better understanding of the relationship between academic stress 

and sleep quality among college students. The findings may help students become more aware of 

the importance of managing academic stress and maintaining healthy sleep habits. The study may 

also assist teachers and educational institutions in developing appropriate stress-management, 

counselling, and sleep-awareness initiatives. Furthermore, the study provides useful information 

for future researchers who wish to conduct similar studies among students in different colleges or 

educational settings. 

LIMITATIONS OF STUDY 

1. The study focuses on academic stress in general and does not specifically examine 

examination-related stress as a separate factor. 

2. The study is limited to students of J. K. College of Science & Commerce, Ghansoli; 

therefore, the findings may not be generalizable to students from other colleges or 

educational institutions. 

3. The study uses a self-reported questionnaire, so responses may be influenced by the 

participants' personal perceptions and honesty. 

4. The study examines the relationship between academic stress and sleep quality and does 

not establish a cause-and-effect relationship. 

RECOMMENDATIONS 

● Stress-Management Activities: Conduct yoga, meditation, mindfulness, and relaxation 

sessions to help students manage academic stress and improve emotional well-being. 

● Sleep-Hygiene Awareness: Educate students about regular sleep schedules, limiting 

screen time, and healthy bedtime habits to improve sleep quality and concentration. 

● Student Counselling/Support: Provide accessible counselling and guidance services to 

help students cope with academic, personal, and emotional challenges. 

● Academic Workload Management: Encourage proper planning, prioritization, study 

schedules, and balanced deadlines to reduce excessive academic pressure. 
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CONCLUSION 

This study highlights the importance of sleep quality and academic stress in determining students’ 

academic performance. Poor sleep quality and higher levels of academic stress can negatively 

affect concentration, memory, motivation, emotional well-being, and overall academic 

performance. The findings suggest that maintaining healthy sleep habits and effectively managing 

academic stress can help students improve their focus and academic outcomes. Therefore, 

educational institutions should promote stress-management activities, sleep-hygiene awareness, 

counselling support, and effective academic workload management to support students’ overall 

well-being and academic success.  
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ABSTRACT: 

ChatGPT is an artificial intelligence chatbot developed by OpenAI. Released on November 30, 

2022, it uses large language models to hold human-like conversations, write text, write code, and 

process images or audio based on typed or spoken prompts.  

ChatGPT offers dedicated educational features and specialized versions like Study Mode,Quizzes 

and Visualizations,Responsible Homework Reminders,Study Hours and ChatGPT Edu/for 

Teens designed to promote active learning rather than just giving direct answers.For Students it 

help  Personalized Tutoring,Study Aids,Writing Support,Language Practice,Accuracy 

Concerns,Academic Integrity,Privacy Issues 

ChatGPT is used in higher education to give students instant personal help, assist teachers with 

daily tasks, and speed up academic research. 

The general conclusion regarding ChatGPT in higher education is that it is a transformative and 

permanent force that must be actively managed rather than banned. ChatGPT is reshaping higher 

education. It changes how students learn, and how teachers teach. Since its launch in November 

2022, this AI tool has drawn over 100 million users, including students, teachers, and researchers.   

So, is ChatGPT a breakthrough for learning or a risk to academic integrity? The answer is both. 

ChatGPT is a powerful learning tool. It provides many advantages, but it also comes with 

challenges for universities and higher education institutions. This research explores the benefits 

and challenges,benefits and findings of ChatGPT in higher education and provides 

recommendations for its use.  

KEYWORD: ChatGPT, Generative AI or GenAI, Artificial Intelligence, Higher education, 

Undergraduate.  
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INTRODUCTION  

AI, or Artificial Intelligence, is a technology that helps computers and machines think, learn, and 

solve problems like humans. Instead of following strict, hard-coded rules for every little thing, an 

AI system looks at lots of data, finds patterns, and makes decisions on its own. Generative AI 

refers to AI systems that can produce new content such as text, images, code, and other materials 

by learning patterns from large amounts of existing data. 

In education, Generative AI can help students and teachers with: 

Answering questions,Content generation,Summarization,Language learning, Personalized 

learning,Research assistance. ChatGPT is a Generative Artificial Intelligence (GenAI) tool 

developed by OpenAI that uses advanced natural language processing (NLP) and large language 

models (LLMs) to understand and generate human-like text. It can interact with users through 

natural-language conversations and provide responses based on the prompts or instructions given 

by the user. 

ChatGPT can be used for various educational and professional purposes, including answering 

questions, explaining complex concepts, summarizing information, generating ideas, 

assisting with writing, translating languages, and supporting programming tasks. In 

education, it can serve as a learning assistant by providing personalized explanations and 

interactive support to students. 

However, ChatGPT-generated information may sometimes contain inaccuracies or misleading 

content. Therefore, users should verify important information using reliable academic and 

authoritative sources, particularly when using ChatGPT for research and academic work.Unless 

we want to become drones that merely recite what AI creates for us, educators must stress the 

importance of the sensemaking process and embrace the technology as a tool we can use to sharpen 

the learning process. 

Instead of embarking on a futile fight to ban technologies like ChatGPT, educators can help their 

students better understand why it’s so important to learn how to make sense of what they are 

learning. They can do this by integrating the technology into their teaching. For example, educators 

can challenge students to accurately feed questions into the AI (noticing), then encourage the 

students to find alternative explanations to the AI-generated answers (interpreting). To craft a 
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relevant response, students could interact with the AI to include personal experiences (authoring) 

and then adopt or discard recommended behaviors (enactment). 

Too many individuals see learning as another task they must do and a degree just something they 

must attain, forgetting that learning creates connections between our neurons and allows us to 

interpret what we observe in multiple ways, driving new connections and authoring innovation for 

the world around us. If learners are no longer interested in seeking knowledge, and merely employ 

ChatGPT to provide answers, we will literally stop making sense. A better way forward is to use 

the technology to galvanize and personalize the sensemaking process. 

OBJECTIVE 

The core objective of ChatGPT in higher education is to serve as an intelligent assistant that 

enhances personalized learning, automates administrative workflows, and accelerates academic 

research.  

PERSONALIZED LEARNING AND TUTORING 

● Customized Pacing: Adapting explanations and learning speed to fit individual student 

needs. 

● Virtual Assistance: Acting as a 24/7 study aid, conversation partner for language learning, 

or brainstorming tool. 

● Accessibility: Translating complex texts, summarizing articles, and reading content aloud 

for students with diverse needs or language barriers. 

REDEFINING PEDAGOGICAL AND LEARNING GOALS 

● Information Processing: Training students to retrieve, parse, and evaluate data generated 

by AI tools. 

● Critical Thinking & Argumentation: Moving beyond simple memorization to focus on 

how students analyze, critique, and construct arguments in tandem with AI. 

● AI Literacy: Teaching ethical use, recognizing algorithmic bias, and understanding the 

limitations of generative models.  
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EVOLVING ASSESSMENT DESIGN 

● Authentic Tasks: Shifting away from standard essay formats that are easily plagiarized 

and toward project-based, interactive, or problem-solving tasks. 

● Collaborative Skills: Preparing students to work effectively in environments where 

human-AI collaboration is standard practice. 

LITERATURE REVIEW 

Several researchers have studied the use of ChatGPT and other AI-based tools in higher education. 

The existing literature mainly focuses on how ChatGPT can support students' learning, provide 

academic assistance, improve engagement, and offer personalized feedback. At the same time, 

researchers have also discussed problems such as incorrect information, over-dependence, ethical 

concerns, and reduced human interaction. 

Rasul et al. (2023) discussed the role of ChatGPT in higher education and highlighted its benefits, 

challenges, and future research directions. ChatGPT can provide students with quick answers and 

learning support. However, its use also creates challenges related to accuracy, academic integrity, 

and responsible use. The study suggests that ChatGPT should be used as a support tool rather than 

as a replacement for teachers. 

Meyer et al. (2023) examined ChatGPT and large language models in academic environments. 

Their work identified opportunities for using these technologies in education while also 

highlighting challenges associated with their use. This indicates that institutions need to carefully 

consider both the benefits and limitations before integrating ChatGPT into academic activities. 

Kasneci et al. (2023) discussed the opportunities and challenges of large language models for 

education. The literature indicates that ChatGPT can provide personalized learning, immediate 

assistance, and feedback to students. It can also increase student engagement by allowing learners 

to interact with the system and obtain explanations according to their needs. However, students 

may become overly dependent on AI, which can affect critical thinking and independent problem-

solving skills. 

Javaid et al. (2023) examined how ChatGPT can contribute to improving the education system. 

The study reported that ChatGPT can reduce the workload of teachers and staff by responding to 
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common questions and providing academic assistance. This can allow educators to spend more 

time on important teaching and student-support activities. 

Dwivedi et al. (2023) explored the opportunities, challenges, and implications of generative 

conversational AI. Their work suggests that ChatGPT can provide a more engaging and interactive 

learning experience. Students can use it to obtain information, explanations, and assistance with 

different academic tasks. However, responsible use is necessary because generative AI can also 

create challenges related to accuracy, ethics, and academic work. 

Ray (2023) reviewed ChatGPT's applications, challenges, bias, ethics, and limitations. The 

literature shows that one important advantage of ChatGPT is its ability to provide rapid responses 

and feedback.  

APPLICATIONS IN ENHANCING EDUCATION 

1. Personalized Learning Assistance 

● Homework Help: Students can ask questions and get detailed explanations for 

various subjects. 

● Doubt Solving: Provides instant clarification for concepts in real-time, reducing 

dependency on tutors. 

● Customized Study Plans: Assists students in creating schedules and strategies 

tailored to their academic goals and timelines. 

2. Content Creation 

● Lesson Plans: Teachers can generate structured lesson outlines based on curriculum 

requirements. 

● Study Materials: Create notes, summaries, quizzes, and interactive content tailored 

to specific topics. 

● Language Learning: Helps in translation, grammar correction, and vocabulary 

building for language learners. 

3. Administrative Support 

● Assignment Evaluation: Can assist in grading assignments and providing feedback 

for objective-based questions. 

● Report Writing: Helps generate reports, progress summaries, and documentation 

for academic purposes. 

● Email Drafting: Streamlines communication with students, parents, and faculty. 
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4. Improving Classroom Engagement 

● Interactive Q&A: Encourages student engagement by answering questions on-the-

fly. 

● Role-Playing Scenarios: Can simulate case studies, debates, or mock interviews to 

make learning interactive. 

● Gamification: Suggests creative educational games and activities for better concept 

retention.  

5. Supporting Research 

● Idea Generation: Provides topic suggestions for research projects and case studies. 

● Literature Review: Summarizes articles, journals, and research papers for students 

and researchers. 

● Data Analysis Support: Assists with statistical and data-related queries. 

 6. Skill Development 

● Programming Assistance: Helps students learn coding by debugging errors, 

explaining algorithms, and solving problems. 

● Soft Skills Training: Aids in drafting resumes, preparing for interviews, and 

improving communication skills. 

● Critical Thinking: Promotes analytical thinking by encouraging problem-solving 

through step-by-step explanations. 

7. Accessibility and Inclusivity 

● 24/7 Availability: Supports learners in remote areas or non-traditional time zones. 

● Special Education: Tailors explanations for students with learning disabilities or 

different cognitive needs. 

8. Exam Preparation 

● Mock Tests: Creates practice exams to help students assess their knowledge. 

● Revision Notes: Summarizes topics for quick revision before exams. 

● Stress Management Tips: Shares strategies to manage time and stress effectively. 

BENEFITS: 

      ChatGPT offers several key benefits in higher education by acting as a versatile tool for both 

students and educators.  

FOR STUDENTS 
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● Personalized Learning: ChatGPT adapts explanations to match a student's individual skill 

level, pacing, and unique learning needs. 

● Instant Feedback: Students receive immediate corrections, grammar suggestions, and 

reviews on practice work or writing drafts. 

● Research Assistance: It helps students brainstorm topics, structure research questions, and 

summarize long academic papers. 

● Accessibility: It breaks down complex or unfamiliar concepts into simple, easy-to-

understand language and helps translate or read text for non-native speakers. 

LIMITATIONS:  

The primary limitation of ChatGPT in higher education is its tendency to compromise academic 

integrity and hinder deep, independent critical thinking when over-relied upon by students.  

Plagiarism and Deception: Students can easily submit AI-generated text as their own original 

work on essays, reports, and exams. 

Fabricated Facts and "Hallucinations": ChatGPT often invents fake academic citations, non-

existent journal references, and false statistics with total confidence.  

Surface-Level Information: It summarizes data based on probability rather than true 

comprehension, missing deep contextual nuances required at university levels.  

Loss of Critical Thinking: Relying on AI for instant answers reduces a student's capacity to 

perform independent research, solve complex problems, and evaluate differing perspectives.                 

Loss of Critical Thinking: Relying on AI for instant answers reduces a student's capacity to 

perform independent research, solve complex problems, and evaluate differing perspectives. 

FINDINGS: 

Researcher has found that ChatGPT has significantly improved access to educational resources, 

allowing students to obtain instant information across various subjects. It acts as a virtual tutor, 

providing explanations, summaries, and problem-solving guidance at any time. This has reduced 

dependency on traditional classroom learning and physical study materials, making education 

more accessible, especially for students in remote areas.Furthermore, studies suggest that AI-

driven tools like ChatGPT enhance student engagement by introducing interactive learning 

experiences. Through dynamic discussions, question-answer sessions, and gamification, students 



 
e-Journal Link: https://jkcghansoli.in/Research/AboutTilakSamvida                                                               247 
 

remain more involved in their studies. Researchers note that this has led to increased participation 

and motivation among learners. 

Another key finding is that ChatGPT enhances time efficiency for educators by automating 

repetitive tasks. Teachers can use AI for grading assignments, generating content, and providing 

instant feedback, thereby focusing more on student interaction and in-depth teaching.  

Moreover, it has been found that ChatGPT sometimes generates misinformation, as AI may 

produce factually incorrect or outdated responses. Since it lacks real-time verification or citation 

sources, researchers caution that students and educators must cross-check AI-generated 

information before using it in academic work. 

Finally, researchers predict that the future of AI in education holds great potential. With 

advancements in AI technology, virtual classrooms, AI-assisted assessments, and intelligent 

tutoring systems are expected to become more prevalent. However, proper regulations and ethical 

considerations will be necessary to ensure AI enhances education without replacing the human 

aspect of learning. 

CONCLUSION: 

In conclusion,ChatGPT plays a crucial role in enhancing education by providing virtual learning 

assistance. It helps students by offering instant explanations, personalized tutoring, and interactive 

learning experiences. This technology bridges knowledge gaps, improves engagement, and 

supports educators in delivering effective lessons. While AI cannot replace traditional teaching, it 

serves as a valuable tool for enhancing learning outcomes. Thus, I conclude that integrating 

ChatGPT into education can significantly benefit students and educators, making learning more 

accessible and efficient. 
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