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A STUDY ON GREEN CLOUD COMPUTING

Ms. Shraddha Parab
Assistant Professor, Department of Information Technology, Nirmala Memorial Foundation College of
Commerce and Science (Autonomous)

ABSTRACT

Cloud computing delivers scalable computing resources to users globally at a lower cost compared to dedicated
high-performance systems. However, the increasing demand for cloud services has led to the rapid expansion of
large data centers, resulting in high energy consumption and significant CO: emissions, which contribute to
environmental and health issues.

To address these concerns, green cloud computing has emerged as a sustainable solution. It focuses on
optimizing energy efficiency and reducing environmental impact through advanced techniques, algorithms, and
system designs. This survey explores key strategies, including green metrics for measuring data center
efficiency, energy-aware scheduling algorithms, and green cloud architectures. We analyze their effectiveness
in minimizing energy waste and emissions while maintaining system performance, highlighting their benefits
and limitations in building a more sustainable cloud infrastructure.

In addition to energy optimization, green cloud computing also emphasizes the use of renewable energy
sources, such as solar and wind power, to power data centers. Integrating these clean energy alternatives with
intelligent resource management systems not only reduces dependency on fossil fuels but also enhances the
overall sustainability of cloud operations. Furthermore, emerging technologies like virtualization,
containerization, and dynamic workload balancing play a vital role in improving energy efficiency. By
dynamically allocating resources based on demand, these technologies help in reducing idle server time,
thereby conserving energy and reducing operational costs.

Keywords: Cloud computing, green cloud computing, data centers, energy efficiency, CO: emissions, green
metrics, energy-aware scheduling, green architectures, renewable energy, virtualization, containerization,
workload balancing, resource management, environmental impact

1. INTRODUCTION

Cloud computing refers to a computing approach in which large numbers of interconnected computers
collaborate in real-time, allowing users to access them as though they were a single powerful system. This
system offers multiple services such as web data storage, vast computing power, and data processing servers.
While the phrase 'cloud computing' is modern, its origins trace back to the 1950s through early time-sharing
systems. From the 1960s to the 1990s, researchers described concepts similar to cloud computing, such as
'dumb terminals' linked to mainframes, which foreshadowed the modern cloud model. In the early 1990s,
telecommunications companies started offering Virtual Private Networks (VPNs) as a cheaper alternative to
dedicated connections, providing adequate quality of service.

A major step came in 1999 when Salesforce.com introduced enterprise applications over the internet, setting the
stage for cloud computing's expansion. In 2002, Amazon launched AWS and later its Elastic Compute Cloud
(EC2), establishing itself as an early leader in cloud services. Since 2009, following the emergence of Web 2.0,
major companies such as Google and Yahoo have also embraced cloud computing.

Cloud computing consists of several hierarchical models. The Service Model includes Software as a Service
(SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (IaaS). The Deployment Model includes
public, private, community, and hybrid clouds. According to the National Institute of Standards and Technology
(NIST), the main goal of cloud computing is to maximize resource sharing, though it faces challenges such as
high infrastructure costs and excessive power consumption.

With global warming becoming an urgent issue, high energy consumption and CO: emissions from cloud data
centers have raised environmental concerns. Organizations like Greenpeace, the U.S. Environmental Protection
Agency (EPA), and the Climate Savers Computing Initiative have highlighted the need for eco-friendly
technology. As cloud computing usage grows and awareness of environmental sustainability increases,
researchers have developed green cloud computing—an energy-efficient, environmentally friendly approach
aimed at reducing power consumption and emissions while promoting energy reuse.

Cloud computing depends on thousands of data centers to process requests, which consume vast amounts of
power, especially for cooling. This consumption continues to rise annually, making energy-saving strategies
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critical. Various techniques have been developed to reduce energy use, such as optimizing server power
consumption, dynamically configuring server clusters to balance workloads and use only necessary resources,
and scaling CPU clock frequencies based on demand to save power.

To assess data center energy efficiency, the Green Grid introduced the Power Usage Effectiveness (PUE)
metric, which measures the additional energy required for cooling IT equipment. As shown in Figure 1,
traditional cloud infrastructures consume significantly more power and emit more carbon than green cloud
systems. By minimizing energy waste, green cloud computing has been adopted by leading IT companies like
Google, Microsoft, and Yahoo.

A 2007 survey revealed that IT industries contribute about 2% of global carbon emissions annually. The
European Union (EU) recommends reducing these emissions by 15%-30% by 2020 to prevent severe increases
in global temperatures.

2. REVIEW OF LITERATURE

The adoption of Green Cloud Computing has witnessed a significant rise in recent years, driven by the
increasing demand for energy-efficient and environmentally sustainable data centers. As more organizations
migrate their infrastructure to the cloud, concerns about the escalating energy consumption and its
environmental impact have intensified. This has prompted extensive research aimed at optimizing cloud
operations, reducing energy consumption, and minimizing carbon footprints through innovative solutions and
intelligent resource management.

Foundational contributions by Cavdar et al. [1,2] laid the groundwork for improving the energy efficiency of
data centers by identifying critical operational parameters and proposing strategic improvements. The Green
Grid consortium further advanced this field by introducing vital metrics such as Power Usage Effectiveness
(PUE) [7], Data Center Efficiency (DCE) [10], and Thermal Design Power (TDP) [2] to quantitatively assess
the energy performance of data centers. Among these, PUE remains the most widely accepted and utilized
metric globally. PUE, as defined by The Green Grid, quantifies how efficiently a data center consumes energy,
with 1.0 representing optimal use where nearly all energy goes directly to IT equipment. A PUE value close to
1.0 signifies near-perfect efficiency, indicating that nearly all the consumed power is directly used by IT
equipment, minimizing overhead energy losses.

In practice, several industry giants have demonstrated impressive efficiency. For example, Google reported a
PUE as low as 1.13 [9], exemplifying highly optimized energy use within its data centers. To contextualize this,
a PUE of 1.5 implies that for every 1 kWh consumed by IT equipment, the data center requires a total of 1.5
kWh of energy, where the extra 0.5 kWh is attributed to cooling, power conversion, and other facility
overheads. Despite these advances, many older or less optimized data centers continue to exhibit PUE values
exceeding 3.0, indicating significant room for improvement. Research conducted by Lawrence Berkeley
National Laboratory [8], which benchmarked 22 data centers, revealed a PUE spectrum ranging from 1.3 to 3.0,
underscoring the diverse efficiency levels across the industry.

On the algorithmic and software front, Truong Duy, Sato, and Inoguchi et al. [3] introduced a green scheduling
algorithm powered by a neural network-based load predictor. This innovative approach forecasts server load
over specific intervals and determines the minimum number of servers required to be active, thereby optimizing
power usage. If the predicted server requirement (Nn) surpasses the number of servers currently operational
(No), additional servers are powered on; conversely, surplus servers are switched off to conserve energy,
minimizing idle resource consumption.

Fumiko Satoh et al. [4] contributed significantly to energy management by developing a sensor-driven
monitoring system combined with optimized virtual machine (VM) allocation. This system effectively balances
workloads across multiple data centers, achieving energy savings of up to 30%, which translates into substantial
reductions in carbon emissions. Such intelligent energy management frameworks are indispensable for ensuring
the sustainability of large-scale cloud infrastructures.

Cooling systems remain one of the major contributors to data center power consumption. Traditional methods
predominantly rely on mechanical refrigeration to supply chilled water to servers, which is energy-intensive.
However, newer approaches such as “free cooling” or pre-cooling techniques leverage natural environmental
conditions to reduce energy expenditure. For instance, Facebook strategically placed a data center in Sweden to
exploit the naturally cold climate for cooling purposes. Microsoft adopts an open-air cooling strategy by
exposing servers to ambient air, while Google utilizes river water cooling systems [1]. These innovative cooling
methods substantially lower energy consumption and operational costs. Furthermore, virtualization technologies
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and energy-efficient software algorithms play a critical role in reducing power consumption by optimizing
workload distribution and minimizing the operation of idle hardware.

In terms of software architecture, Rasoul Beik et al. [6] proposed an energy-aware software layer that
continuously monitors data center energy consumption and dynamically adjusts services to maximize energy
efficiency. Bhanu Priya et al. [11] further contributed by developing comprehensive cloud computing metrics
designed to measure energy efficiency and carbon emissions. They identified three fundamental pillars for
fostering greener cloud environments: virtualization, workload distribution, and software automation. These
elements collectively promote efficient resource utilization and reduce energy waste. Additionally, pricing
models such as pay-per-use and self-service platforms incentivize users to consume resources judiciously,
further driving energy conservation.

Kliazovich and Pascal Bouvry [12] analyzed the escalating operational and maintenance costs in cloud data
centers, emphasizing the importance of workload distribution to optimize energy consumption at the packet
level. Their research utilized simulation tools such as NS2 for green cloud environments and CloudSim for
traditional cloud models to compare energy use across various data center architectures, including two-tier,
three-tier, and high-speed three-tier configurations. Their findings highlight how architectural design influences
overall energy efficiency.

Kaur and Singh et al. [13] focused on identifying challenges associated with energy consumption management
in cloud computing. They proposed a model that quantifies energy wastage linked to harmful greenhouse gas
emissions. This model integrates data collection, real-time monitoring, analysis, and control mechanisms in
conjunction with virtualization technologies to enhance energy efficiency while mitigating environmental harm.

Addressing the intermittency of renewable energy sources, Hosman and Baikie et al. [14] explored the
integration of solar power into data center operations. They proposed a small-scale cloud data center design
combining low-power hardware platforms, energy-efficient cloud computing practices, and DC power
distribution systems to reduce dependence on conventional electrical grids and improve sustainability.

Owusu et al. [15] provided a comprehensive survey highlighting energy efficiency as a crucial yet complex
challenge in cloud computing. Yamini et al. [16] extended this discussion by focusing on key green cloud
computing approaches, including virtualization, power management, material recycling, and telecommuting.
Their research emphasized task consolidation and resource scheduling as effective methods for reducing energy
consumption in large-scale data centers. While immediate, drastic reductions were not always evident, their
work identified practical strategies for achieving substantial electricity savings over time.

Buyya [17] underscored the escalating demand for cloud services alongside growing concerns regarding energy
consumption and greenhouse gas emissions. These factors not only threaten environmental health but also
increase operational expenditures. Buyya’s literature survey examined the energy contributions of various cloud
components, highlighting the urgent need for adopting green cloud architectures to mitigate adverse impacts.

In response to these challenges, Buyya et al. [18] proposed a carbon-aware green cloud architecture featuring
third-party directories listing “green offers” along with carbon emission data. Green brokers leverage this
information to allocate cloud services that minimize CO: emissions while balancing user demands. Similarly,
Beloglazov and Buyya et al. [19] concentrated on optimizing virtual machine management by dynamically
reallocating VMs and powering down idle servers, demonstrating significant energy savings in practical
deployments.

Finally, Nimje et al. [20] tackled the dual challenges of security and energy efficiency within green cloud data
centers. Utilizing virtualization technologies, they implemented a hypervisor-based environment that enhances
security protocols while enabling efficient energy consumption. Virtualization reduces physical server
requirements, streamlines resource management, and facilitates dynamic deployment, making it a cornerstone of
sustainable and secure green cloud computing solutions.

3. PROPOSED SYSTEM

Information and Communication Technology (ICT) is a rapidly evolving field that includes cloud computing
technologies. Cloud computing is a distributed parallel computing approach known for its high performance,
scalability, affordability, and reliability. Green cloud computing has emerged as a sustainable solution, driven
by goals such as improved energy efficiency, reduced carbon footprint, and minimized electronic waste. Data
centers and servers that provide pay-per-use services consume substantial amounts of electricity and require
significant physical space.
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Cloud computing architecture is generally classified into four main types:

1. Public Cloud: Resources are managed by external providers and offered on a pay-per-use basis.

2. Private Cloud: A cloud system dedicated exclusively to one organization.

3. Community Cloud: A shared cloud infrastructure used by multiple organizations with similar needs.
4. Hybrid Cloud: A combination of public and private clouds integrated with external service providers.

Major challenges in cloud computing include power management, energy consumption and efficiency,
greenhouse gas (GHG) and CO: emissions, server virtualization, and conservation of natural resources. The
concept of "green computing," introduced in 1987, focuses on sustainable development by reducing energy
consumption and promoting eco-friendly use of computing resources.

Energy-efficient techniques such as virtual machine migration have been adopted in cloud environments.
Compared to traditional data centers, Nano Data Centers (NaDa) provide a distributed computing platform with
up to 30% greater energy efficiency [11]. Task consolidation is another technique used to enhance energy
efficiency and optimize resource use. Additional methods include hardware temperature control, server
consolidation, compiler optimization, power-efficient application software, energy-aware operating systems,
virtual machine manager optimization, live virtual machine migration, and network optimization.

A simplified architecture for green cloud computing includes all necessary hardware and software components.
Cloud data centers—such as Cloud Service A, Cloud Service B, and Private Cloud—offer services like
Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (IaaS).

To reduce carbon footprints, enhance environmental sustainability, and optimize operational costs, green cloud
environments apply data mining and model-driven engineering techniques. This architecture consists of two
main components: the client side and the server side. The client side includes the manager and users,
responsible for determining task execution locations. The server side comprises green cloud middleware, green
brokers, and subsystems such as processing and storage servers.

The green broker layer within the Integrated Green Cloud Architecture (IGCA) organizes data in the public
cloud using a directory system to provide users with the most energy-efficient services. The green cloud
middleware consists of a manager and data repository. The manager controls the middleware, managing data on
user PC usage, private cloud servers, and server frequencies (high, medium, low). It also stores information
related to energy consumption, storage capacity, and other metrics.

Upon receiving a client request, the manager breaks it into jobs and distributes them to users while recording
job information. Users can monitor energy consumption and carbon emissions for tasks executed on local PCs,
public clouds through green brokers, or private cloud servers. The manager selects the best green option
considering both energy efficiency and security, storing this decision in an XML file for future use.

Task execution location is determined by factors such as processing speed, energy consumption, bandwidth, and
others. The middleware evaluates these parameters across possible locations to optimize resource use. The
IGCA ensures balanced task allocation, providing clients with secure and high-quality services. The manager
acts as the central coordinator, assigning tasks and selecting the optimal green solution based on all available
options.

However, the manager also represents a potential single point of failure in this architecture—if it fails, the entire
system could be compromised.

4. CHALLENGES IN THE IMPLEMENTATION OF GREEN COMPUTING:

1. Awareness of Green Computing
e General lack of understanding about green cloud computing concepts and benefits.

e Insufficient knowledge about the environmental impact of traditional vs. green technologies.

e Limited educational resources and training programs focused on sustainability in IT.

e Resistance to change due to unawareness or misconceptions about green technologies.

e Poor communication from industry leaders about the importance of green computing practices.

2. Cost of Equipment
e High upfront investment required for energy-efficient hardware and infrastructure.
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Lack of clear return on investment (ROI) data discourages budget allocation for green technologies.
Small and medium enterprises (SMEs) face financial constraints limiting their ability to upgrade.
Maintenance and upgrade costs of older equipment can outweigh initial savings but are often overlooked.

Limited availability of affordable green technology options in certain markets or regions.

3. Technical Complexity

5.

Integrating green computing solutions into existing IT infrastructure can be complicated.
Lack of standardized frameworks or guidelines for green cloud deployment and management.
Need for specialized skills and expertise in energy-efficient system design and operation.
Challenges in balancing performance, reliability, and energy efficiency.

Difficulty in accurately measuring and monitoring energy consumption and carbon footprint.

Compatibility and Legacy Systems
Legacy systems and software may not support green technologies or energy-saving features.

Upgrading or replacing legacy systems can be costly and disruptive to operations.
Resistance from stakeholders who prefer tried-and-tested systems over new technologies.
Compeatibility issues between different vendors' hardware and software solutions.

Security and Privacy Concerns
Perception that green cloud solutions might compromise security due to resource sharing or virtualization.

Need to ensure data protection while optimizing energy use and resource allocation.
Complexities in implementing secure green computing architectures without affecting performance.

Regulatory and Policy Challenges
Inconsistent or insufficient government policies promoting green IT adoption.

Lack of industry-wide regulations or standards for green cloud computing.
Challenges in enforcing environmental compliance across global data centers.
Difficulty aligning business goals with environmental regulations and sustainability mandates.

Cultural and Organizational Resistance
Organizational inertia and reluctance to shift from traditional computing models.

Limited top management support for investing in sustainable IT initiatives.
Employee resistance due to changes in workflows or unfamiliar technology.

Lack of green computing champions or advocates within organizations.

. Energy Source Limitations

Dependence on non-renewable energy sources for powering data centers limits environmental benefits.
Availability and integration of renewable energy sources can be costly and location-dependent.
Challenges in managing energy supply variability from renewable sources like solar and wind.
CONCLUSION

The energy consumption of cloud data centers is escalating rapidly as an increasing number of companies
migrate their operations and services to the cloud. This surge in cloud adoption has resulted in a significant rise
in energy demand, which consequently leads to a larger carbon footprint and greater environmental impact. To
address these challenges, green cloud computing has emerged as a vital solution. It focuses on minimizing
energy consumption and optimizing the use of available resources, thereby promoting sustainability in cloud
operations.

One of the key drivers of green cloud computing is the advancement of artificial intelligence (Al) and machine
learning techniques. These technologies enable intelligent resource management, predictive analytics, and
automated energy-efficient scheduling, which collectively contribute to reducing energy wastage. Additionally,
sectors such as the Internet of Things (IoT) and big data analytics are prime examples where green computing
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principles can be effectively applied. These areas generate vast amounts of data and require substantial
computational power, making energy efficiency critical for sustainable growth.

Moreover, raising awareness and educating the general public, industry professionals, and policymakers about
the significance and benefits of green computing is essential. Understanding the environmental consequences of
traditional cloud computing practices and the advantages of adopting greener alternatives can drive more
conscious decision-making and encourage widespread implementation.

Looking ahead, the broad adoption of green cloud computing technologies and practices holds immense
potential for reducing the overall environmental impact of digital infrastructure. By embracing energy-efficient
solutions, organizations can not only lower operational costs but also contribute to global efforts in mitigating
climate change, ensuring a healthier and more sustainable environment for future generations.
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ABSTRACT

Corporate Social Responsibility (CSR) has evolved into a critical element of modern business practice. Beyond
philanthropy, CSR encompasses environmental sustainability, ethical governance, and community engagement.
This research paper investigates the impact of CSR on companies, with emphasis on financial performance,
reputation, employee relations, risk management, and long-term sustainability. Using secondary data and a
review of prior studies, this paper finds that CSR, when strategically aligned with business goals, enhances
stakeholder trust, improves brand equity, and contributes to sustainable development. However, challenges such
as inconsistent reporting, superficial CSR activities, and resource constraints persist.

INTRODUCTION

Corporate Social Responsibility has become an integral part of corporate strategy. With growing globalization,
climate change concerns, and increasing social expectations, businesses are under pressure to demonstrate
responsibility beyond mere profit generation. Companies are now assessed not only by their financial results but
also by their environmental, social, and governance (ESG) practices.

Public limited companies, in particular, face higher scrutiny due to shareholder accountability, regulatory
compliance, and societal expectations. CSR is no longer an optional add-on; it is embedded into corporate
identity, investor evaluation, and customer perception. This paper analyzes how CSR initiatives affect
companies in terms of profitability, reputation, employee engagement, compliance, and competitiveness.

Corporate Social Responsibility (CSR) has evolved from a voluntary, philanthropic practice into a strategic
imperative for modern businesses. Initially, CSR was viewed as a moral obligation of companies to give back to
society (Bowen, 1953). Over time, with globalization, urbanization, and increased stakeholder awareness, CSR
has become a key mechanism by which firms demonstrate accountability and social legitimacy. Companies are
now judged not only by their financial performance but also by their contribution to social welfare,
environmental sustainability, and ethical governance.

Public limited companies, in particular, operate under heightened scrutiny due to the transparency required by
shareholders, regulatory authorities, and the general public. The proliferation of social media, rating agencies,
and ESG (Environmental, Social, and Governance) indices has amplified stakeholder expectations, making CSR
both a reputational tool and a strategic driver.

Globally, CSR initiatives span environmental sustainability, employee welfare, community development,
ethical business practices, and innovation in sustainable products and services. Firms that successfully integrate
CSR into their business models are better positioned to achieve long-term sustainability, gain competitive
advantage, and mitigate risks. For example, Unilever’s Sustainable Living Plan focuses on reducing
environmental footprint while promoting social development, demonstrating how CSR initiatives can be aligned
with business strategy to create shared value.

In emerging economies, such as India, CSR has received legal reinforcement through mandatory spending
requirements under the Companies Act, 2013. This legislative framework has encouraged large corporations to
invest systematically in social programs, such as education, health care, environmental sustainability, and rural
development. Consequently, CSR has become a critical factor influencing company strategy, stakeholder
engagement, and long-term performance.

The present study seeks to examine the multidimensional impacts of CSR initiatives on companies. By
synthesizing existing literature and analyzing secondary data sources, it highlights how CSR affects financial
performance, corporate reputation, employee engagement, risk management, and community outcomes. The
study emphasizes the importance of strategic alignment, transparency, and stakeholder engagement for
maximizing CSR effectiveness.
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LITERATURE REVIEW

Evolution of CSR

The idea of CSR dates back to Bowen’s (1953) work on the social responsibilities of businessmen. Carroll
(1991) later introduced the CSR pyramid, outlining economic, legal, ethical, and philanthropic responsibilities.
Over time, CSR shifted from philanthropy to a strategic imperative (Porter & Kramer, 2006).

Theoretical Frameworks

1. Stakeholder Theory (Freeman, 1984): Firms must balance diverse stakeholder needs, including employees,
customers, investors, and communities.

2. Legitimacy Theory: Companies engage in CSR to gain societal approval and maintain legitimacy.

3. Resource-Based View: CSR activities create intangible assets, such as reputation, that generate competitive
advantage.

CSR and Financial Performance

Several studies have examined the CSR-—profitability link. Margolis and Walsh (2003) reported a positive
correlation between CSR and financial outcomes, while Orlitzky et al. (2003) found CSR enhances financial
performance through reputation, customer loyalty, and risk reduction.

CSR and Reputation
CSR fosters corporate reputation, which influences customer trust and investor confidence. Fombrun (2005)
emphasized that reputation derived from CSR provides firms with a buffer during crises.

CSR and Employees
CSR practices positively affect employee engagement, morale, and retention. Turker (2009) found that CSR
perceptions enhance organizational commitment.

CSR and Risk Management
CSR mitigates risks by ensuring compliance, reducing regulatory conflicts, and strengthening community
relations (Waddock & Graves, 1997).

CSR in India and Emerging Economies
With the Indian Companies Act (2013), CSR became mandatory for large companies, requiring them to spend
2% of profits on CSR. This legislation has influenced firms to systematically adopt CSR practices.

RESEARCH METHODOLOGY

This research is based entirely on secondary data:
e Annual and CSR reports of public limited companies.

e (SR expenditure data from government portals (India: Ministry of Corporate Affairs).

Sustainability indices such as the Dow Jones Sustainability Index (DJSI).
e Peer-reviewed journal articles, reports, and case studies.
CSR and Its Impacts on Companies

1. Impact on Financial Performance

CSR spending has both direct and indirect financial benefits. While direct profits may not always increase
immediately, long-term value creation is evident. Companies with sustainable CSR programs enjoy higher
investor trust and improved access to capital markets.

Example: Infosys and Tata Consultancy Services (TCS) report consistent CSR spending on education and
digital literacy, which enhances brand value and investor perception.

2. Impact on Corporate Reputation
CSR initiatives enhance trust and loyalty among consumers. Firms like Unilever, through its “Sustainable
Living Plan,” built a strong brand reputation tied to sustainability.

3. Impact on Employee Motivation and Retention
CSR-driven firms tend to have higher employee satisfaction. Google and Microsoft emphasize sustainability,
diversity, and ethical practices, which contribute to talent retention and productivity.
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4. Impact on Risk Management and Compliance
CSR helps companies reduce regulatory risks and gain goodwill. For example, energy companies investing in
renewable energy reduce reputational risks linked to climate change.

5. Impact on Community Development
CSR fosters community relations by addressing education, healthcare, and environmental issues. Tata Steel’s
investments in rural health care and livelihood programs demonstrate CSR’s societal benefits.

ANALYSIS AND DISCUSSION

e Firms that consistently invest in CSR outperform peers in brand reputation and employee retention
Consistent and strategic CSR investment strengthens a company’s intangible assets, such as brand equity,
trustworthiness, and employee loyalty. Firms that integrate CSR into their core business processes are often
recognized as socially responsible by consumers, investors, and the community, enhancing their reputation. For
example, Tata Group in India is widely respected for its ongoing investments in education, healthcare, and rural
development. These initiatives improve public perception and make the company more attractive to potential
employees. Similarly, research shows that companies with active CSR programs have lower employee turnover
and higher levels of engagement, as employees perceive their work as contributing to a socially responsible
mission (Glavas & Kelley, 2014). This alignment between organizational goals and social purpose fosters a
motivated workforce, enhancing productivity and reducing recruitment costs.

e Regulatory compliance (e.g., India’s CSR mandate) pushes firms toward structured CSR spending
Legal frameworks, such as Section 135 of India’s Companies Act, 2013, have made CSR mandatory for certain
public limited companies, requiring them to spend at least 2% of their net profits on CSR activities. This
regulatory pressure ensures that companies adopt structured, well-planned CSR programs rather than ad hoc
charitable donations. Compliance encourages transparency, accountability, and long-term planning. Firms are
increasingly required to report CSR initiatives in annual reports, specifying objectives, expenditures, and
outcomes. Regulatory frameworks also drive innovation in CSR strategy, as companies look for initiatives that
deliver measurable social impact while aligning with their business competencies.

e CSR initiatives aligned with business strategy yield sustainable outcomes, whereas ad hoc
philanthropy shows limited impact
CSR efforts are most effective when they complement a firm’s core competencies and long-term objectives.
Strategic CSR, sometimes referred to as “shared value creation,” leverages a company’s expertise to address
social issues while generating business benefits (Porter & Kramer, 2011). For instance, Infosys focuses on
digital literacy and education programs, which align with its IT expertise and workforce development needs. In
contrast, one-off philanthropic donations without strategic alignment may not produce measurable outcomes,
either socially or financially. These ad hoc activities often fail to generate sustainable benefits and may be
perceived as tokenistic by stakeholders. Aligning CSR with business strategy ensures scalability, operational
efficiency, and long-term social impact.

o Industry variations exist: I'T and FMCG firms focus on education and digital literacy, while energy
and manufacturing firms emphasize environmental initiatives

The nature of CSR initiatives varies across industries, reflecting sector-specific risks, opportunities, and societal
expectations. In the IT sector, companies such as TCS and Wipro invest heavily in digital literacy programs,
coding education, and skill development, responding to both community needs and talent pipeline requirements.
FMCG companies like Hindustan Unilever focus on hygiene, nutrition, and community health projects, aligning
with consumer welfare. Conversely, energy, mining, and manufacturing firms prioritize environmental
sustainability, such as reducing carbon emissions, managing industrial waste, and investing in renewable
energy, due to their higher environmental footprint and regulatory scrutiny. These variations demonstrate the
importance of contextualizing CSR strategies to industry-specific challenges and opportunities.

e Challenges Persist

e CSR disclosures are often inconsistent and lack standardized metrics

Despite growing CSR awareness, companies often report CSR activities inconsistently. Different organizations
use varied frameworks, indicators, and metrics, making it difficult to compare CSR performance across firms.
For example, some companies report CSR spending as a percentage of profits, while others focus on the number
of projects or beneficiaries. The lack of standardized reporting diminishes transparency and complicates
stakeholder evaluation of CSR effectiveness. Frameworks such as the Global Reporting Initiative (GRI) or
Sustainability Accounting Standards Board (SASB) provide guidelines, but adoption is not uniform.
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e Some companies engage in “greenwashing,” overstating CSR achievements

Greenwashing refers to the practice of portraying CSR initiatives as more impactful or extensive than they
actually are. Companies may exaggerate their environmental or social contributions to enhance reputation,
mislead consumers, or meet stakeholder expectations without committing to genuine social impact. For
example, a company may publicize a tree-planting campaign while neglecting its high carbon emissions
elsewhere. Greenwashing can undermine trust, damage reputation, and erode stakeholder confidence if
discovered, highlighting the need for independent verification and transparent reporting.

e Measuring direct financial returns from CSR remains difficult

While CSR can enhance reputation, employee engagement, and risk management, quantifying its direct
financial impact is challenging. The benefits are often indirect, long-term, and intangible, such as increased
brand loyalty or improved stakeholder relationships. For instance, the financial gain from improved customer
perception or employee retention is difficult to isolate from other operational factors. This makes it challenging
for managers to justify CSR investments solely on the basis of short-term financial returns, emphasizing the
importance of measuring both qualitative and quantitative outcomes and adopting a long-term perspective.

FINDINGS
. CSR positively affects financial resilience and investor confidence.

1
2. CSR strengthens reputation and stakeholder trust.

3. Employee motivation and retention improve with visible CSR engagement.

4. CSR reduces risks by ensuring compliance and fostering community goodwill.
5. Long-term CSR strategies are more effective than short-term philanthropy.

LIMITATIONS
e Dependence on secondary data restricts causal inference.

e (Cross-country comparisons are difficult due to varying disclosure standards.
e Impact on communities is often self-reported by companies, risking bias.

CONCLUSION

CSR is no longer a voluntary, philanthropic exercise but a strategic tool for business success. It influences
financial outcomes, reputation, employee relations, compliance, and community development. Companies that
embed CSR into their core strategies create sustainable value for both shareholders and society.

For future growth, firms must:
e Integrate CSR with long-term strategy.

e Standardize CSR reporting.
e Ensure transparency and accountability.
e Engage stakeholders in CSR decision-making.

CSR, when practiced strategically, transforms businesses into agents of positive societal change while ensuring
long-term profitability.
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ABSTRACT

The impact of sensory signals on consumer purchasing behavior in Mumbai's changing retail environment is
examined in this study. The study concludes that visual and olfactory inputs are the most important
determinants of customer engagement and purchase intent after conducting a thorough analysis of secondary
data. Results show that using sensory marketing strategically, including multisensory experiences and tech-
driven breakthroughs like AR/VR, improves customer satisfaction and boosts sales. According to the study,
these impacts differ depending on the population, with younger consumers reacting more strongly to digital
cues. For retailers looking to improve customer experiences and boost sales in a vibrant urban market, this
research offers insightful information.

Keywords: Sensory marketing, consumer behavior, retail innovations, Mumbai, visual cues, olfactory cues,
multi-sensory experiences, impulse buying, customer engagement.

1. INTRODUCTION

Mumbai's retail scene is changing quickly due to new technologies and shifting consumer preferences.
Innovations like tailored digital interfaces, better in-store settings, and experience stores are being used by
retailers more and more. Since sensory signals play a significant role in influencing consumer purchasing
behavior, these innovations frequently center on appealing to consumers' senses. This study examines how, in
the context of these retail advances, sensory cues—such as sight, sound, smell, touch, and taste—affect
consumer purchasing behavior.

Sensory cues are environmental stimuli that our senses pick up on, assisting us in observing and reacting to our
surroundings. Modern research recognizes the substantial role of emotions and subconscious influences on
consumer choices, whereas traditional marketing has concentrated on logical decision-making. Using these
indications strategically, sensory marketing acknowledges that consumers have a complete experience with
companies and products. Retailers can produce more memorable and captivating experiences by appealing to a
variety of senses, which can affect consumer loyalty, purchase intent, and brand perception.

An ideal location for this research is Mumbai's vibrant and varied retail landscape, which includes a blend of
contemporary shopping centers, conventional marketplaces, and online marketplaces. Customers in the city are
exposed to a variety of retail innovations, which makes it a perfect location to investigate how sensory factors
are used to sway customer choices.

Types of Sensory Cues:

1. Visual Cues (Sight) — Colors, shapes, motion, light intensity, and patterns help in recognizing objects,
reading expressions, and navigating spaces.

2. Auditory Cues (Sound) — Sounds, pitch, volume, and tone help in communication, alertness, and
understanding spoken language.

3. Tactile Cues (Touch) — Texture, temperature, and pressure detected through touch aid in identifying objects
and sensing pain or comfort.

4. Olfactory Cues (Smell) — Scents and odors help in identifying food, recognizing danger (like smoke), and
triggering memories.

5. Gustatory Cues (Taste) — Taste sensations (sweet, sour, bitter, salty, umami) influence food choices and
detect harmful substances.

2. LITERATURE REVIEW

The use of sensory marketing in retail has been the subject of numerous research. Hultén's (2013) research
emphasizes the significance of sensory cues, particularly visual and auditory components, in in-store
innovations. According to the report, implementing these components strategically can increase sales and
customer engagement. Customers' attention and touch behavior at the point of sale may also be influenced by
this purposeful use of visual and audio cues.

12
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In the restaurant industry, sensory marketing is employed to enhance patron experiences and pleasure.
According to a study by Sri Varshni and Indhumathi (2024), consistent use of several senses, such as music,
ambiance, and scent, boosts client satisfaction and loyalty. The beauty business was the subject of another study
by Thierry (2021), which showed how sensory cues, like product texture and scent, can affect perceptions and
strengthen brand connection because consumers frequently base their judgments on their emotions.

Additionally, impulsive purchasing behavior has been connected to multisensory marketing. Using the
Stimulus-Organism-Response (S-O-R) model, Nguyen et al. (2024) discovered that sensory marketing can elicit
favorable customer sentiments, which can then result in impulsive buying. The effectiveness of these cues can
also be moderated by an individual's impulsive characteristics, according to the study. According to Al-Thagafi
(2022), individual sensory dominance and sensory congruence—the balance between various sensory cues—
have a big influence on customer perceptions and purchase decisions.

Singhi et al. (2020) emphasized that sensory stimuli have a major impact on customers' overall shopping
happiness, store choice, and the amount of time they spend in a store in the Indian retail sector. This
demonstrates how important sensory marketing is in developing nations like India.

3. GAPS IN THE LITERATURE

Although earlier study has examined the overall impact of sensory marketing, less attention has been paid to the
precise ways in which certain sensory tactics utilized in creative retail formats impact customer behavior in the
Mumbai market. The existing literature falls short in addressing how the efficacy of these methods differs
among various demographic groups and retail settings in this particular metropolitan setting.

. OBJECTIVE OF THE STUDY
. To study the relationship between Sensory Cues and Consumer buying behaviour.

. To understand the relationship between Sensory Cues and Consumer demographics.

4
1
2
3. To examine the influence of sensory cues on consumer decision-making at the point of purchase.
4. To study the most significant sensory cue in influencing consumer buying behaviour.

5

. PROBLEM STATEMENT
In order to improve customer satisfaction and increase sales, retailers spend money on a variety of sales tactics.
The impact of sensory signals on customer purchasing decisions, however, is not well studied, especially in
light of Mumbai's changing retail environment. This study looks at how sensory signals influence consumer
purchasing behavior in an effort to close that gap.

6. HYPOTHESIS OF THE STUDY

A hypothesis is a proposed explanation or assumption about the relationship between two or more variables. It
is a testable statement that predicts an outcome based on prior knowledge, theories, or observations. Hypotheses
serve as the foundation for research, guiding investigations to confirm or refute their validity through
experimentation or data analysis.

e H1: Sensory Cues have a positive and direct impact on customers' moods at the point of purchase.

e H 2: Customers’ moods have a direct and positive impact on impulsive buying behaviour.

e H 3: Visual sensory cues exert a positive impact on shopper approach behaviour at the point of purchase.
e H 4: Visual sensory cues exert a positive impact on shopper touch behaviour at point-of-purchase.

7. RESEARCH METHODOLOGY

This study examines how sensory cues affect consumer purchasing behavior by thoroughly reviewing secondary
data. To give a good picture of the subjects previously discussed on this topic, the study will use data from a
variety of publications, government periodicals, published and unpublished reports, and management journals.
For a study that aims to expand on current understanding and offer a targeted examination of a particular
geographic and market situation, this methodology is perfect.

8. FINDINGS

The study finds that visual and olfactory inputs are the most powerful sensory cues that influence consumer
behavior. Longer in-store visits and more customer involvement were observed by retailers who used features
like interactive product displays, relaxing music, and nice aromas.
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Multisensory encounters were notably favored by customers, especially in upscale and experiential retail
settings. Digital screens, virtual reality (VR) and augmented reality (AR) experiences, and aroma branding are
examples of innovations that have a favorable impact on customer loyalty and satisfaction.

e Dominance of Visual and Olfactory Stimuli: Lighting, colour palettes, and signature scents consistently
enhance brand perception and purchase intention.

e Role of Emotion: Positive mood states mediate the link between sensory exposure and buying behaviour,
encouraging unplanned purchases.

e Technology-Driven Sensory Experiences: AR/VR displays, interactive screens, and digital scent marketing
amplify engagement and extend in-store dwell time.

e Demographic Variations: Younger consumers respond more strongly to digital and auditory cues, whereas
older segments place greater emphasis on tactile comfort and ambient scent.

9. DISCUSSIONS AND INTERPRETATION:

Sensory cues are clearly active drivers of customer behavior in retail, rather than only passive components, as
demonstrated by the synthesis of secondary data. Retailers who carefully use sensory stimulation see an
increase in customer engagement and sales, according to a wealth of research.

Visual and olfactory sensations are the most powerful sensory cues, according to the secondary research
findings. This implies that a customer's decision to enter, remain in, and eventually make a purchase from a
store is directly and significantly influenced by elements such as store layout, lighting, color schemes, product
displays, and ambient aromas. Additionally, the review found that customers enjoy multisensory experiences,
especially in upscale and immersive shopping environments. This points to a shift in consumer expectations
from simple transactions to holistic, engaging experiences.

Additionally, the literature backs up the notion that subconscious consumer behavior is influenced by sensory
cues. According to the S-O-R paradigm, which Nguyen et al. (2024) cite, sensory inputs (S) might elicit good
moods (O), which in turn encourage impulsive buying behaviors (R). This offers a solid theoretical foundation
for comprehending the connection between customer behavior and sensory marketing.

The literature review on the retail scenario in India (Singhi et al., 2020) supports the findings from around the
world and emphasizes how applicable they are to developing economies. This indicates that while sensory
marketing is a concept that can be applied anywhere, its particular application must be customized to local
market conditions and consumer demographics.

10. CONCLUSION

To sum up, sensory marketing is an effective strategy for the retail sector that affects customer behavior in a
number of ways. Retailers can create memorable shopping experiences that increase customer engagement and
foster brand loyalty by strategically utilizing sensory signals. The results emphasize how crucial multisensory
retail tactics are in Mumbai's heterogeneous market. Retailers should improve their sensory marketing strategies
going forward to meet the evolving needs of their customers. Future studies could examine the integration of
cutting-edge technology like Al and VR to improve sensory-driven retail experiences even more. This study
lays the groundwork for more thorough research into how customer behavior and sensory marketing are
changing in metropolitan retail settings like Mumbeai.

11. RECOMMENDATIONS
Retailers should improve their sensory marketing strategies in light of the study's findings in order to meet
changing customer demands.

e Integrate a Balanced Mix of Sensory Cues: To improve customer experiences and increase sales, retailers
should concentrate on a well-balanced mix of sensory cues catered to their target population.

e Embrace developing Technologies: To further improve sensory-driven retail experiences, future studies
might examine the integration of developing technologies like virtual reality (VR) and artificial intelligence
(AD). Retailers in Mumbai must combine digital innovations with sensory marketing to be competitive.

e Cooperate with Experts: Retailers can improve their customer satisfaction initiatives by working with
consumer psychologists and technologists.

In metropolitan retail environments like Mumbai, this study establishes the groundwork for further research into
the changing link between sensory marketing and consumer behavior.
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12. LIMITATIONS OF THE STUDY

The study is limited to Mumbai and may not be generalizable to other regions.

Consumer preferences may vary based on external factors such as economic conditions and cultural
differences.

13. SCOPE OF THE STUDY

The impact of sensory cues on customer purchasing behavior in Mumbai's retail industry is the main topic of
this study. It will span a range of retail types, such as supermarkets and shopping centers. In order to ascertain
how sensory marketing affects purchase decisions and establishes an environment that attracts customers, the
study will examine consumer responses from a variety of demographic groups, including age, gender, and
income levels. Retailers, marketers, and brand strategists seeking to improve consumer experiences through
sensory engagement will find value in the research's conclusions.
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ABSTRACT

Al and ML have become essential to modern software test automation. By 2025, these technologies are
integrated into testing tools, making them smarter. They analyse historical data, learn how applications behave,
and create and improve tests to boost coverage and accuracy. With features like predictive defect detection and
self-healing scripts, Al reduces the need for manual work and minimizes false positives. This speeds up testing
and improves the quality of releases.

Al-driven test automation also supports continuous testing in Agile and DevOps workflows by fitting into
CI/CD pipelines and providing faster feedback. Cloud-based platforms provide flexible and widely accessible
testing environments that can scale to accommodate numerous devices and configurations. Still, their use comes
with challenges that need to be managed carefully. These include the complexity of implementing them, the need
for high-quality data, a shortage of skilled professionals, and ethical considerations.

Looking ahead, the combination of Al's analytical power and human knowledge will drive new developments in
quality assurance. We can expect to see autonomous Al agents that manage entire testing processes and
ethical Al frameworks that ensure unbiased results. Ultimately, Al-driven automation is making software
quality assurance a more intelligent and efficient field, which is vital for handling the increasing speed and
complexity of software delivery in 2025 and beyond. This evolution promises more reliable software, quicker
time-to-market, and improved user experiences.

Keywords: Artificial Intelligence (Al), Machine Learning (ML), Software Test Automation, Test Creation,
Optimization, Predictive Defect Detection, Continuous Testing, Agile, DevOps, CI/CD Pipelines, Cloud-based
Platforms, Implementation Complexity, Data Quality, Ethical Concerns, Autonomous Al Agents, Ethical Al
Frameworks, Quality Assurance, Time-to-market, User Experience.

Objectives of the research paper
> Smarter Integrations: Al and ML are being integrated into testing tools to make them more intelligent.

> Self-Healing Tests: Automation scripts can now automatically repair themselves when an application's Ul
changes, reducing maintenance effort.

> Predictive Analytics: Al analyzes historical data to predict where defects are likely to occur, allowing for
more focused testing.

> Al-Powered Test Case Generation: Al can analyze an application's behavior and user interactions to
generate new, highly effective test cases.

INTRODUCTION

Given the rapid evolution of software development environments, marked by agile methodologies and
continuous integration, teams require sophisticated testing strategies that can keep pace while upholding quality
standards. Al-driven test automation has become a valuable tool that moves beyond traditional methods to make
the Software Development Life Cycle (SDLC) more intelligent, adaptable, and efficient.

This paper aims to elucidate the key trends shaping Al-driven test automation in 2025, analyze the common
challenges organizations face in its adoption, and assess the impact Al is having on improving software quality
and reliability.

Trends in AI-Driven Test Automation

« Smarter Test Automation with AT and ML
By the end of 2025, Al and ML are a standard part of test automation platforms, making them smarter and more
efficient. These technologies provide four key benefits that improve the testing process.

e Predictive Defect Detection: Using machine learning, tools analyze past test results and code changes to
predict where new bugs will likely appear. This helps teams prioritize their testing efforts.
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e Dynamic Test Case Generation: Al models learn from an application's behavior and user interactions to
create and optimize new test cases on their own. This ensures comprehensive coverage and removes
redundant tests.

e Self-Healing Automation Scripts: Al-powered frameworks can automatically adapt test scripts when an
application’s user interface (UI) or APIs change. This prevents tests from failing unnecessarily and reduces
maintenance work.

e Real-Time Test Coverage Optimization: Al constantly evaluates test runs and adjusts coverage to focus on
critical or high-risk areas of the application.

These innovations lead to faster testing cycles, less manual effort, and more accurate bug detection, all of which
are vital for the frequent releases common in modern Agile and DevOps environments.

« Al-Powered Visual and Exploratory Testing

Al goes beyond traditional scripted testing by enhancing both exploratory testing and visual validation. It
helps uncover hidden issues by analyzing user behavior and simulating a variety of real-world scenarios.
Through image recognition, Al-powered visual testing can spot subtle user interface (UI) defects that traditional
tests often miss.

Al enhances exploratory and visual testing in several ways. For exploratory testing, Al's ability to analyze user
behavior allows it to identify common user paths and unusual interactions that human testers may not think to
check. It can also simulate these behaviors at scale, uncovering hidden issues and complex bugs that only
appear under specific conditions.

— Al in Visual Validation
Al-powered visual validation goes beyond simply comparing screenshots. Using advanced image recognition
algorithms, it can:

e Detect subtle UI defects: Al can spot minor misalignments, changes in font size or color, and overlapping
elements that might be missed by the human eye or by pixel-to-pixel comparison tools.

o Identify dynamic content issues: It can intelligently recognize and ignore dynamic content like ads or real-
time data, focusing only on the structural integrity and layout of the UL

e Assess usability and accessibility: Al can analyze a UI for inconsistencies and violations of design
standards, helping to ensure a consistent and accessible user experience across different devices and screen
sizes.

Essentially, Al acts as a smart assistant, handling the tedious, detail-oriented work of both exploring an
application and validating its visual components, allowing human testers to focus on more strategic and creative
aspects of quality assurance.

+ Enhanced Collaboration through Low-Code/No-Code Al Tools

Al-driven low-code platforms are transforming test automation by making it accessible to a wider range of team
members, including those without strong programming skills. These platforms combine user-friendly interfaces
with Al to automate complex, code-heavy tasks. This method makes testing accessible to everyone on the
development team and encourages more collaboration.

— How It Works

The core of this technology is the use of Natural Language Processing (NLP) and Al-assisted script
generation. Instead of writing lines of code, a tester can describe the test scenario in plain English. For
example, they might type: "Log in to the website using the username 'testuser' and the password 'password123,'
then click the "My Account' link." The Al then interprets this natural language command and automatically
generates the executable test script.

This process simplifies test creation significantly. Testers can focus on what the test should accomplish rather
than on the technical details of writing the script. The platform's visual interface, often with a simple drag-and-
drop design, further streamlines the process.

— Benefits and Impact
The adoption of these platforms has a profound impact on software development and quality assurance.

e Bridges the Skill Gap: By removing the need for deep coding knowledge, these tools empower manual
testers, business analysts, and even product managers to actively participate in test automation. This creates a
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"citizen automation" movement, where anyone who understands the business requirements can contribute to
quality.

e Fosters Collaboration: When test cases are written in a universally understood language (natural language),
it breaks down the communication barriers between technical and non-technical team members. Developers
can easily understand and review tests created by testers, and business stakeholders can directly validate that
tests align with their requirements.

e Increases Speed and Efficiency: The ability to quickly generate complex test cases without manual coding
accelerates the entire testing process. This is crucial for keeping up with the rapid release cycles of modern
Agile and DevOps environments, ensuring that quality doesn't become a bottleneck.

+ Integration with DevOps and CI/CD Pipelines

Al is being increasingly integrated into Continuous Integration/Continuous Deployment (CI/CD) pipelines,
where it provides real-time monitoring and predictive analytics. These capabilities help automate deployment
decisions, optimize performance, and detect anomalies in production environments, strengthening the entire
quality control process.

Al integration within Continuous Integration/Continuous Deployment (CI/CD) pipelines is a significant
advancement in software quality control. It elevates the pipeline from a simple automation tool to an intelligent,
self-optimizing system. By embedding Al, organizations can make faster, more confident deployment decisions
and ensure a higher level of quality in production.

— Real-Time Monitoring and Predictive Analytics
Al's core value in a CI/CD pipeline comes from its ability to analyze massive amounts of data in real time.

e Real-time monitoring isn't just about collecting logs; it's about active analysis. Al can instantly process data
from tests, code commits, and runtime environments to spot trends and potential issues as they happen. For
example, it can detect a sudden spike in latency after a code change, flagging the issue before it impacts
users.

e Predictive analytics takes this a step further. By learning from historical data, Al models can forecast future
outcomes. For example, they can predict if a new code change is likely to cause a defect in production or
pinpoint which parts of an application are most vulnerable to failure. This empowers teams to get ahead of
problems, tackling them proactively before they have a chance to develop.

— How Al Automates and Optimizes
This intelligence directly impacts the efficiency and quality of the CI/CD pipeline.

e Automated Deployment Decisions: Based on real-time analysis and predictive insights, Al can make a call
on whether a new build should be deployed to production. If a build passes all tests but Al predicts a high
risk of failure based on its code changes, it can be automatically flagged for human review or even prevented
from deployment.

e Performance Optimizations: Al can analyze system performance data during and after deployment. It can
identify performance bottlenecks, suggest configuration changes, or even automatically scale resources to
maintain optimal performance under varying load conditions.

e Anomaly Detection in Production: Once code is live, Al continuously monitors its behavior. It can detect
unusual patterns in user activity, system metrics, or error logs that might indicate a bug or a security
vulnerability. This allows for immediate alerts and faster incident response, often before users notice a
problem.

By integrating these features, Al changes the quality control process from a series of separate, reactive actions
into a continuous, intelligent, and proactive system. This ensures that fast software delivery does not
compromise reliability.

Challenges in Al-Driven Test Automation

I. Complexity of Implementation

Integrating Al into an organization's existing testing infrastructure is a significant challenge, going beyond
simply adopting a new tool. It requires a fundamental shift in how testing is approached, touching upon
technology, processes, and people. This complexity can be broken down into three main areas.
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1. Technological and Infrastructure Challenges

Integrating Al requires a robust and scalable technical infrastructure. Most traditional testing frameworks
weren't built with the computational demands of Al in mind. Organizations often need to invest in new
hardware, cloud-based platforms, and powerful servers to support the data processing and machine learning
models.

Plus, linking the Al with existing tools can be challenging. Al models need access to vast amounts of historical
data—TIike past test results, bug reports, and code commit history—to be effective. This often means building
new data pipelines and APIs to feed information from various siloed systems into the Al's learning engine.
Getting this data ready can be a major hurdle, as it needs to be clean, formatted correctly, and easily accessible.

2. Process and Methodological Overhaul

Simply adding Al to a testing pipeline doesn't automatically make it more efficient. The entire Software
Development Life Cycle (SDLC) must be re-evaluated to accommodate Al's role. For example, teams need to
decide when and how to train the Al models, how to interpret their predictions, and how to integrate Al-driven
insights into daily workflows.

This requires a departure from traditional, rigid testing processes. Teams must adopt a more iterative approach,
where feedback from the Al is used to continuously refine testing strategies. For organizations with older, non-
agile methods, this change can be especially difficult because it requires a major shift in culture toward
continuous learning and adaptation.

3. Cultural and Skillset Adjustments

Perhaps the most difficult challenge is the human element. The effective use of Al requires new skills. Al tools
require more from testers and developers than just basic usage. They also need to be able to interpret the output
and validate the findings. This requires training on machine learning concepts and data science principles.

There's also a significant cultural shift. Testers might feel their roles are threatened by Al, leading to resistance
to change. Organizations must address these fears by positioning Al as a tool that augments human testers,
freeing them from repetitive tasks so they can focus on more complex, exploratory, and creative work. The goal
is to foster a collaborative environment where human expertise and Al intelligence work together to achieve
better software quality.

II. Dependency on Quality Data

An Al model's effectiveness, especially in test automation, depends entirely on the quality of its training data.
Since models learn from the data they're given, this principle states that flawed data will result in flawed
predictions and actions.

— The Problem of Inadequate Data

To effectively learn and recognize broader patterns, Al models require vast amounts of data. With too little
training data, the model won't have sufficient information to make dependable predictions. For example, if an
Al is trained on test results from only a single browser, it will struggle to accurately predict defects for other
browsers. This lack of data can lead to overfitting, where the model becomes too specialized to its limited
training set and fails when it encounters new scenarios, resulting in a high number of false positives or false
negatives.

— The Risk of Biased Data
Even with a large amount of data, bias remains a major risk. Bias can be introduced in several ways:

e Historical Bias: Past testing practices may have focused on specific features or user groups, inadvertently
neglecting others. An Al trained on this data might then prioritize testing those same features, ignoring
critical parts of the application used by a different demographic.

e Measurement Bias: The way data is collected can be flawed. For instance, if bug reports from a particular
region are not properly documented, the Al might wrongly conclude that the application is more stable in
that region.

When an Al model is trained on biased data, it can perpetuate and even amplify those biases. This can lead to
serious issues, such as a testing tool that consistently under-tests features for users with certain screen
resolutions or languages, ultimately compromising the fairness and reliability of the software.

To address these issues, organizations must focus on data governance, ensuring data is collected from a wide
range of sources, is regularly audited for quality, and is scrubbed of any inherent biases before being used for
training. This is essential for building trustworthy and accurate Al-driven test automation systems.
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III. Skill Gaps and Workforce Readiness

Successful Al adoption in software testing requires a workforce with skills in both software testing and Al
technologies. This skill gap is a major challenge that organizations must address through strategic hiring,
training, and evolving job roles.

— Bridging the Skill Gap
To effectively leverage Al, organizations need to invest in their people. This involves a three-pronged approach:

1. Training and Upskilling: Instead of just hiring new talent, companies should invest in their current
workforce. This includes offering training programs, certifications, and workshops that teach testers about
machine learning fundamentals, data analysis, and how to use Al-powered testing tools. By upskilling,
organizations can empower existing employees and make them more valuable.

2. Strategic Hiring: When hiring, companies should look for a mix of skills. This means not only seeking out
dedicated Al specialists or data scientists but also finding testers who are adaptable and have a passion for
learning new technologies. The goal is to build a hybrid team where human and artificial intelligence
complement each other.

3. Evolving Team Roles: The role of a traditional software tester is changing. With Al handling repetitive
tasks like regression testing, human testers are freed up to focus on more complex, value-added activities.
Their roles can evolve to become "Al-assisted testers" who specialize in exploratory testing, interpreting Al-
generated insights, and ensuring the Al models themselves are performing correctly. This shift requires a
cultural change where Al is seen as an assistant, not a replacement.

IV. Cost Considerations

While Al-driven tools offer significant long-term efficiency gains, the initial cost of acquiring, integrating, and
maintaining these solutions can be a major hurdle. These upfront financial commitments often lead to delays or
limit the widespread adoption of Al in test automation, especially for smaller organizations with tighter budgets.

— Breaking Down the Costs
The costs associated with Al test automation go beyond a simple software license. They include:

e Tool and Licensing Costs: Al-powered testing platforms often have higher licensing fees than traditional
automation tools due to their advanced capabilities. Some platforms use a subscription model based on
usage, while others have a flat fee.

e Infrastructure and Integration: To run Al models, organizations may need to invest in more powerful
hardware or cloud computing resources. Integrating these new Al tools with existing CI/CD pipelines, bug-
tracking systems, and other development platforms requires a significant technical effort, which adds to the
cost.

e Training and SKkill Development: As Al-enhanced tools require a different skillset, organizations must
invest in training their existing staff or hiring new talent with expertise in both testing and Al. This can
include expensive certifications or hiring data scientists and machine learning engineers.

e Maintenance and Data Management: Al models need continuous maintenance. This includes updating the
models with new data, monitoring their performance, and ensuring the data used for training remains clean
and unbiased. These ongoing efforts represent a recurring cost that must be budgeted for.

— The Return on Investment (ROI) Calculation

While the upfront costs are high, the long-term ROI is what makes Al test automation a compelling investment.
The ROI is not just about saving money on salaries; it's about the value generated. Key factors to consider when
calculating ROI include:

e Reduced Manual Effort: Al automates repetitive and time-consuming tasks like regression testing, freeing
up human testers to focus on more complex, exploratory work.

o Faster Release Cycles: By accelerating test execution and providing quicker feedback, Al helps teams
release software faster, leading to quicker time-to-market.

e Improved Quality and Reduced Defects: Al's ability to predict and detect bugs earlier in the development
cycle can significantly reduce the cost of fixing defects found in production.

e Lower Maintenance Costs: Self-healing scripts and intelligent test case optimization reduce the time and
money spent on maintaining a test suite.
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For many organizations, the long-term savings in reduced manual effort, faster time-to-market, and improved
software quality ultimately outweigh the initial investment, but the upfront cost can be a significant barrier to
entry.

V. Dynamic Nature of AI Models

Al models are dynamic; they constantly change as they are trained with new data. This continuous evolution
means that test cases and automation scripts must be updated frequently to remain effective. Managing this
dynamic nature is a significant challenge for traditional test management practices.

— The Challenge of Managing a Moving Target

Unlike static, rule-based automation scripts, Al models are not "set and forget." They are living systems that
learn and adapt. Every time an Al model is retrained with a new dataset, its behavior and outputs can change in
subtle or significant ways. This means that a test case that passed yesterday might fail today, not because of a
bug in the application, but because the Al model's logic has been updated.

This dynamism creates several problems for traditional test management:

e Test Script Fragility: Test automation scripts, particularly those that interact with an Al's output, can
become brittle and break easily. They need to be regularly reviewed and updated to align with the Al's new
behavior, which increases maintenance overhead.

e Predictability Issues: It becomes harder to predict test outcomes. A test team can no longer assume that a
stable build will pass the same test suite repeatedly, as the Al's influence can introduce variability. This
makes it difficult to track and diagnose issues.

e Version Control: Managing multiple versions of an Al model and their corresponding test suites is a
complex task. Organizations need robust version control and configuration management practices to ensure
they are testing the correct application with the correct AI model.

e Changing Validation Metrics: The criteria for what constitutes a "correct" result from an Al model can
also change. Testers may need to continuously redefine what a successful test looks like, moving beyond
simple pass/fail checks to more nuanced evaluations of the Al's performance.

To manage this, organizations need to adopt a more agile and adaptive approach to testing. This includes
implementing continuous testing practices and creating a feedback loop where the Al's evolution informs the
testing strategy, rather than the other way around.

VI. Ethical and Bias Concerns

Al's reliance on data introduces a significant ethical risk: bias. Since Al models learn from the data they're
trained on, any biases present in that data can be unintentionally learned and perpetuated by the model. This can
lead to skewed or unfair software testing outcomes, compromising the integrity of the QA process. To combat
this, ethical considerations require a focused effort to validate Al models rigorously.

— The Problem of Bias in Testing

When an Al test automation model is trained on a limited or unrepresentative dataset, it can develop a bias that
affects its decisions. For instance, if an Al is trained primarily on test data from users in a specific region, it
might fail to properly test features or catch bugs that are unique to users in other parts of the world. This can
result in a final product that is not equally functional or fair for all users. The "garbage in, garbage out" principle
is particularly relevant here; biased data will inevitably lead to biased testing results.

— Rigorous Validation for Unbiased Results
To ensure Al-driven testing is fair and equitable, validation must go beyond simply checking for functional
correctness. It requires a proactive approach to identify and mitigate bias.

e Diverse Data Audits: The first step is to carefully audit the training data. This involves checking for
imbalances in representation across different demographics, devices, and user behaviors. The goal is to
ensure the dataset is as diverse as the target user base.

e Fairness Metrics: Organizations should use specific fairness metrics and tools to evaluate the Al's
performance across different groups. This can include testing for "disparate impact,” where a test suite's
outcomes are significantly different for one group compared to another.

e Continuous Monitoring: Bias can also emerge over time as the Al model is exposed to new, real-world
data. Continuous monitoring and regular re-audits are essential to catch and correct any new biases that may
creep in.
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e Human-in-the-Loop Oversight: A key ethical consideration is maintaining human oversight. Even with an
autonomous Al, human testers must review and validate the Al's decisions, especially when they involve
critical systems or have the potential for biased outcomes. This "human-in-the-loop" approach ensures
accountability and provides a final check for fairness.

s IMPACT ON SOFTWARE QUALITY

e Improved Defect Prediction and Prevention: Al uses predictive analytics to analyze historical data and
code changes to forecast where new defects are likely to occur. This enables a proactive quality assurance
approach, allowing teams to prioritize testing efforts on high-risk areas and prevent bugs from reaching
production.

e Accelerated Testing and Release Cycles: Al automates and optimizes test case generation and execution,
which significantly reduces testing time. Features like self-healing scripts and dynamic adaptation reduce
the need for manual work. This change enables teams to release software more often without a drop in
quality. This is vital for fast-paced DevOps and Agile environments.

e Enhanced Test Coverage and Efficiency: By learning from past test results and real-time data, Al can
optimize test suites. It focuses on critical areas and eliminates redundant test cases, leading to more
comprehensive and efficient testing. This ensures better test coverage and more effective use of resources.

e Continuous Monitoring and Real-Time Issue Detection: Al-driven monitoring tools continuously analyze
performance metrics and logs in production. They can detect anomalies and performance bottlenecks in real
time, allowing for immediate intervention. This continuous feedback loop ensures software remains stable
and high-performing.

e Enriched User Feedback Analysis: Al, particularly through Natural Language Processing (NLP), can
analyze vast amounts of unstructured user feedback from sources like social media and support tickets. It
identifies trends and common issues, providing valuable insights that help development teams prioritize bug
fixes and feature enhancements, thereby improving product quality.

< Future Directions
The future of software quality assurance is defined by a deeper integration of Al.

e Collaboration Between Al and Human Expertise: While Al automates and optimizes many aspects of
testing, human testers will remain crucial. Their roles will evolve to focus on creative problem-solving,
strategic decision-making, and exploratory testing, where human intuition and insight are irreplaceable.

e Ethical Al Testing Frameworks: As Al becomes more central to testing, developing transparent and
unbiased frameworks is essential. These ethical frameworks will ensure that Al-driven testing does not
introduce or perpetuate biases present in training data, guaranteeing fair and equitable software outcomes for
all users.

e Autonomous QA Pipelines and Agentic AIl: The next frontier is the development of autonomous Al
agents capable of managing end-to-end QA pipelines. These systems will handle everything from test design
and execution to defect management, promising even greater efficiency and reliability in software delivery.

e Expanded Use of Synthetic Test Data: Al-driven synthetic data generation will create large volumes of
realistic test data. This will lessen the dependency on sensitive or hard-to-access real-world data, enabling
more thorough and diverse test scenarios, which is particularly useful for complex systems.

CONCLUSION

The advancement of Al in test automation represents a fundamental change, not just a minor technological
improvement. It has become a strategic asset for handling the speed and complexity of modern software
development. Even though there are significant challenges like complex implementation, dependence on data,
skill gaps, and ethical issues, new tools and evolving methods are helping to address them. The future of quality
assurance will be shaped by a cooperative relationship between human expertise and Al. This will be supported
by ethical Al frameworks and the emergence of autonomous Al agents. This teamwork will result in better
quality software, quicker delivery, and a superior user experience, cementing Al's place as a vital component of
the software development lifecycle.

Al and machine learning (ML) are now essential to modern software test automation. The integration of these
technologies into testing platforms by 2025 has led to smarter, more efficient, and more adaptable quality
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assurance. Al is improving software quality through predictive defect detection, self-healing scripts, and
dynamic test case generation, which are vital for the fast-paced nature of Agile and DevOps environments.
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I. INTRODUCTION

In recent years, the proliferation of scholarly outputs—in the form of journal articles, conference proceedings,
preprints, datasets, and other research artifacts—has created an information landscape that is at once rich and
overwhelming. Traditional academic repositories and archives, while indispensable, are increasingly inadequate
for the demands of modern research: navigating a massive volume of publications, extracting relevant patterns,
and making connections across disciplines are tasks that strain human reading and manual indexing.
Concurrently, artificial intelligence (Al) has matured in capabilities such as natural language processing (NLP),
knowledge graph construction, entity extraction, and semantic reasoning, offering promise for more intelligent,
automated support in scholarly knowledge management.

Academic knowledge repositories, such as institutional repositories, subject repositories, and open
infrastructures, historically serve purposes of preservation, dissemination, and access. However, these
repositories are often document-centric, relying primarily on metadata, keyword search, manual categorization,
and limited cross-linking. Al-driven knowledge repositories go beyond that paradigm: they aim to structure the
contents of research not just by title, author, or keyword, but by breaking down content into machine-readable
forms—entities, relationships, research contributions, concepts, methods, and findings. Such intelligent
structures enable advanced search, semantic querying, summarization, trend detection, recommendation, and
other services that can make scholarly communication more efficient, transparent, and navigable.

Yet this evolution is not without challenges. Issues such as the trustworthiness of automatically extracted
information; the consistency, standardization, and interoperability of ontologies and schemas; user acceptance
and understanding; usability of interfaces; privacy, copyright, and attribution; and resource constraints for
smaller or low-resource institutions must be addressed. In particular, the human dimension—how researchers,
librarians, and other stakeholders perceive, adopt, and interact with Al-driven repositories—remains less well
understood.

This qualitative study seeks to fill that gap by exploring the opportunities, challenges, and implications of Al-
driven academic knowledge repositories from the perspectives of their users in academia. Specifically, the study
aims to answer: 1) How do academics and associated stakeholders perceive the usefulness and usability of
Al-driven knowledge repositories?; 2) What challenges—technical, organizational, ethical, and social—
do they encounter or anticipate?; and 3) What implications do these have for pedagogy, research
workflows, and institutional policy?

By conducting in-depth document analysis across diverse academic disciplines and institutions, this research
hopes to provide rich, grounded insight that can inform the design, implementation, and governance of Al-
driven repositories. In doing so, it contributes to theory (by elaborating on socio-technical dynamics in Al
infrastructures for scholarship), practice (by offering actionable recommendations), and policy (by highlighting
what institutions should consider when investing in such technology).

II. LITERATURE REVIEW
o Kejriwal, M. (2022). Knowledge Graphs: A Practical Review of the Research Landscape. Information,
13(4), 161. https://doi.org/10.3390/info13040161

Provides a broad overview of what knowledge graphs are, how they are built, opportunities and limitations.
Useful for understanding the technical foundations.

e Peng, C., Xia, F., Naseriparsa, M., & Osborne, F. (2023). Knowledge graphs: opportunities and challenges.
Artificial Intelligence Review, 56, 13071-13102. https://doi.org/10.1007/s10462-023-10465-9

Discusses use cases of knowledge graphs including in scientific research, and technical challenges like
acquisition, reasoning, fusion etc.

e Jaradeh, M. Y., Oelen, A., Farfar, K. E., Prinz, M., D’Souza, J., Kismihok, G., Stocker, M., & Auer, S.
(2019). Open Research Knowledge Graph: Next Generation Infrastructure for Semantic Scholarly
Knowledge. arXiv:1901.10816. https://arxiv.org/abs/1901.10816
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Presents infrastructure for capturing scholarly knowledge in machine-actionable form, combining automated
and crowdsourced techniques, and user evaluations.

e Nechakhin, V., D’Souza, J., & Eger, S. (2024). Evaluating Large Language Models for Structured Science
Summarization in the Open Research Knowledge Graph. Information, 15(6), 328.
https://doi.org/10.3390/info15060328

A recent evaluation of LLMs for automating structured summarization of scholarly contributions; highlights
alignment, deviation and human vs. Al curation aspects.

e Schaftner, S. (2025). Evaluating improvements on using Large Language Models (LLMs) for property
extraction in the Open Research Knowledge Graph (ORKG). arXiv:2502.10768.

Focuses on property extraction: how well LLMs can identify properties in scientific literature and match to
existing schemas. Relevant to technical challenges.

e Turki, H., Owodunni, A. T., Hadj Taieb, M. A., Bile, R. F., & Ben Aouicha, M. (2023). A Decade of
Scholarly Research on Open Knowledge Graphs. arXiv:2306.13186.

Bibliometric study of trends in open knowledge graphs research: shows growth, hot topics, gaps (evaluation,
reuse, etc.).

e Zibani, P., Rajkoomar, M., & Naicker, N. (2022). A systematic review of faculty research repositories at
higher education institutions. Digital Library Perspectives, 38(2), 237-248. https://doi.org/10.1108/DLP-04-
2021-0035

Looks at faculty level research repositories: services offered, benefits, utilization. Provides insight into
current repository practices.

e Franco, M., & Mariano, S. (2007). Information technology repositories and knowledge management
processes: A qualitative analysis. VINE, 37(4), 440-451. https://doi.org/10.1108/03055720710838515

A qualitative case study of how IT repositories affect knowledge storage and retrieval processes—useful
precedent for qualitative work.

e Zhao, X., Greenberg, J., Meschke, V., Toberer, E., & Hu, X. (2021). An exploratory analysis: extracting
materials science knowledge from unstructured scholarly data. The Electronic Library, 39(3), 469-485.
https://doi.org/10.1108/EL-11-2020-0320

Examines methods (ontology-based, NER, relation extraction) for extracting knowledge from unstructured
literature in a specific domain.

e Ince, S., Hoadley, C., & Kirschner, P. A. (2022). A qualitative study of social sciences faculty research
workflows. Journal of Documentation, 78(6), 1321-1337. https://doi.org/10.1108/JD-08-2021-0168

Investigates tools, practices, and workarounds in research workflows; shows how scholars use various digital
systems; valuable for understanding user perceptions.

e “On the role of knowledge graphs in Al-based scientific discovery.” (2025). Journal of Web Semantics, 84,
100854. https://doi.org/10.1016/j.websem.2024.100854

Explores how knowledge graphs assist in accelerating scientific discovery, pattern detection etc. Helps with
the aspiration side of repositories.

e An integrated approach for knowledge extraction and analysis in collaborative knowledge construction.
Zhang, N. & Ouyang, F. (2023). International Journal of Educational Technology in Higher Education, 20,
Article 45. https://doi.org/10.1186/s41239-023-00414-5

Focuses on collaborative knowledge, dynamics of knowledge structures and extraction in educational
settings.

I1I. METHODOLOGY
This study employs a qualitative content analysis of published case studies, research papers, and institutional
reports on Al-driven academic knowledge repositories. Rather than generating primary data through interviews

or focus groups, the analysis is grounded in secondary data drawn from the scholarly literature between 2019
and 2025.
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Selection of Sources:

A purposive sampling strategy was applied to identify at least 15 peer-reviewed journal articles, conference
proceedings, and technical reports that focus on artificial intelligence in scholarly repositories, knowledge
graphs, semantic infrastructures, and digital libraries. The criteria included: (1) relevance to Al applications in
knowledge extraction or academic repositories, (2) evidence of practical implementation or evaluation, and (3)
published in reputable outlets (e.g., Springer, Elsevier, MDPI, ACM, IEEE, Emerald).

Analytical Approach:

Thematic analysis was used to extract insights from these studies. Each paper was read and coded according to
key categories such as opportunities, challenges, user experiences, ethical concerns, and institutional
implications. Case studies (such as the Open Research Knowledge Graph, Semantic Scholar, and institutional
repository innovations) were prioritized for their rich descriptions of real-world practices. Comparative analysis
across cases enabled identification of common themes, divergences, and gaps.

Justification for Qualitative Secondary Analysis:

The use of existing case studies and research reports provides breadth across different contexts and systems,
ensuring that insights are grounded in actual implementations. This method allows the study to capture
emerging trends and lessons learned globally, without the limitations of small primary samples. It also ensures
credibility by triangulating findings across multiple independent scholarly contributions.

Ethical Considerations:

As this research uses only published materials, no direct ethical risks arise. Nonetheless, the study respects
proper citation, avoids misrepresentation of authors’ findings, and acknowledges limitations in generalizability
due to reliance on secondary data.

IV. FINDINGS & DISCUSSION
1. Opportunities

a. Structured and Enhanced Knowledge Access

Case studies such as the Open Research Knowledge Graph (Jaradeh et al., 2019) and ORKG property extraction
improvements (Schaftner, 2025) show that Al can transform unstructured text into structured, machine-readable
knowledge. This enables advanced semantic search, automated summarization, and fine-grained comparisons of
research contributions, improving literature discovery.

b. Cross-Disciplinary Research Facilitation

Studies by Peng et al. (2023) and Turki et al. (2023) highlight that Al-enabled repositories reveal hidden
connections across domains, supporting interdisciplinary collaboration. Case examples demonstrate how
knowledge graphs can integrate physics, medicine, and computer science findings into unified ontologies.

c. Efficiency in Research Workflows

Several papers (e.g., Nechakhin et al., 2024; Zhao et al., 2021) indicate that Al-driven systems reduce time in
literature reviews, assist in identifying gaps, and provide automated metadata enrichment. This aligns with
institutional needs to handle rapidly growing publication volumes.

2. Challenges

a. Reliability and Accuracy

Across multiple studies, a central concern is the correctness of Al-extracted knowledge. LLM-based
summarization (Nechakhin et al., 2024) and property extraction (Schaftner, 2025) show promise but still yield
inconsistencies and “hallucinations.” Trust remains a barrier to adoption.

b. Standardization Issues
Analyses by Franco & Mariano (2007) and recent ORKG requirement studies emphasize the difficulty of
creating universal schemas across disciplines. Humanities and social sciences often find the models STEM-
centric, limiting inclusivity.

c. Usability and Adoption Barriers

Case evaluations (Obrezkov et al., 2023) show that complex interfaces and steep learning curves reduce
effectiveness. Scholars unfamiliar with semantic technologies often struggle to interpret visual knowledge
graphs.
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d. Ethical and Institutional Concerns

Issues of copyright, intellectual property, and authorship arise when Al extracts structured knowledge from
published work. Smaller institutions may lack resources to implement and maintain Al-driven infrastructures,
exacerbating inequalities (Zibani et al., 2022).

3. Implications

For Pedagogy:

Repositories powered by Al change how students and early-career researchers learn to conduct literature
reviews. Instead of manual keyword searches, they engage with structured knowledge graphs, which may shift
training needs towards digital literacy.

For Institutions:

Universities must develop governance frameworks for Al adoption. Case studies suggest the need for guidelines
on attribution, Al transparency, and error correction (Jaradeh et al., 2019; Analysing Requirements for ORKG,
2021).

For Global Research Equity:
Disparities in access are a recurring issue. Wealthier universities benefit from advanced repositories, while
under-resourced institutions risk being left behind, as echoed in Zibani et al. (2022).

V. CONCLUSION

The qualitative synthesis of case studies and research papers indicates that Al-driven academic knowledge
repositories offer significant opportunities for advancing scholarly communication. By transforming
unstructured publications into structured, machine-readable knowledge, such systems improve literature
discovery, support interdisciplinary collaboration, and streamline research workflows. Case studies of
infrastructures such as the Open Research Knowledge Graph demonstrate both the feasibility and utility of Al-
enabled repositories.

However, challenges remain pressing. Issues of reliability, standardization, usability, and ethical governance are
consistently raised across the literature. Al systems, while powerful, require human oversight to ensure accuracy
and context sensitivity. Furthermore, disciplinary biases, copyright complexities, and institutional inequalities
threaten to limit the inclusiveness of these technologies.

The implications are clear: to realize the full potential of Al-driven repositories, universities and research
institutions must invest in transparent, explainable systems, prioritize interoperability, and provide training to
their academic communities. Additionally, policies must ensure equitable access to these technologies across
regions and disciplines.

Future research should deepen comparative analysis of different repository models, track adoption patterns
longitudinally, and examine domain-specific needs. In doing so, academia can ensure that Al-driven
repositories enhance, rather than complicate, the fundamental mission of scholarly knowledge dissemination
and collaboration.

VI. FUTURE DIRECTION

The analysis of case studies and scholarly works on Al-driven academic knowledge repositories highlights
promising advancements but also uncovers significant gaps that should guide future research. Moving forward,
several directions emerge as critical.

1. Enhancing Accuracy and Explainability

Future AI models integrated into repositories must prioritize transparency and interpretability. Case studies
revealed issues with hallucinations, misclassifications, and opaque decision-making processes. Developing
explainable Al (XAI) frameworks tailored for scholarly communication would help researchers trust
automated outputs while retaining human oversight.

2. Interdisciplinary Schema Development

Most repositories, such as the ORKG, currently perform best in STEM domains. Future work should focus on
inclusive ontologies that incorporate the epistemological diversity of the humanities, social sciences, and arts.
This calls for collaborative efforts between computer scientists, librarians, and subject experts to co-create
adaptable taxonomies.
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3. Ethical and Governance Frameworks

As Al reshapes how knowledge is stored and retrieved, future studies must explore policy and governance
models for intellectual property, attribution, and fairness. Comparative case studies across institutions with
varying resources can provide insights into equitable practices.

4. User-Centric Design and Pedagogy

Adoption barriers remain high due to usability challenges. Research should investigate human-centered
interface design and the integration of Al-driven repositories into teaching and training. This can foster digital
literacy while ensuring that students and early-career researchers benefit from structured knowledge access.

5. Longitudinal and Cross-Regional Studies

Current research is often short-term and concentrated in technologically advanced regions. Future work should
conduct longitudinal adoption studies to track usage patterns over time and examine deployment in under-
resourced contexts, ensuring global inclusivity.
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1: INTRODUCTION

Consumer behavior, especially in the context of food delivery services, is changing greatly due to the speedy
growth of technology. Urban areas have embraced internet-connected smartphones, fast internet, and online
payment methods which have made online food ordering popular among residents. The boom experienced by
Zomato, Swiggy, and Uber Eats is largely due to the ease with which food of different kinds can be ordered and
the amazing offers which accompany these platforms. These services enable users to order food from their
preferred restaurants without leaving the comfort of their homes.

The growing dependence on these food ordering platforms can be linked to busy work hours, lifestyle shift, and
need of convenience. Other customer satisfaction features like tracking, customer feedback, numerous payment
methods, and these food delivery apps’ loyalty incentives add to customer experience satisfaction. Apart from
the convenience factor, food quality, prices, speed of delivery, and service trustworthiness are factors customers
take into account when selecting a brand.

This research is dedicated to understanding the main causes of consumers’ choices and degree of satisfaction in

2: OBJECTIVES OF THE STUDY
1. To analyze the influence of demographic, social, and psychological factors on consumer buying behavior
towards online food delivery platforms.

2. To measure the influence of marketing mix factors on customer satisfaction towards the services of online
food delivery platforms.

3. To find the most popular online food delivery platform.

4. To identify problems and issues faced by consumers regarding online food delivery platforms.

3: RESEARCH METHODOLOGY

This research is based on primary data obtained from well-structured questionnaires to gather information from
consumers about their experiences with food delivery apps. The survey was conducted on a representative
group of respondents across different demographics in Mumbai to cover a wide perspective of their preferences,
challenges, and overall level of satisfaction. The collected responses were carefully analyzed using statistical
methods, including frequency distribution, descriptive statistics, and hypothesis testing, to identify significant
patterns and trends. These analyses help assess consumer behavior, pinpoint common issues faced during food
ordering, and evaluate factors that influence satisfaction levels with food delivery services in Mumbai’s
dynamic market.

4: COLLECTION OF DATA
1) Data Collection Method

Sources of Data: The study is based on primary data collected through a structured questionnaire designed to
analyze consumer buying behavior towards online food delivery platforms.

Primary Data:
e Collected through an online survey using a questionnaire

e Target respondents: Consumers using online food delivery services in Mumbai.
e Sampling technique: Convenience sampling.

Secondary Data:
e Literature review from research papers, journals, reports, and industry articles.

e Data from food delivery platform websites and market research reports.
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2) Questionnaire Design

The questionnaire was designed to collect responses on the following key aspects:

1. Demographic Information (Age, Gender, Income, Qualification)

2. Consumer Behavior (Frequency of ordering, preferred platform, spending pattern)

3. Marketing Mix Impact (Price, Product, Place, Promotion factors influencing satisfaction)
4. Challenges Faced (Ordering issues, payment issues, customer service experience)

5. Overall Satisfaction and Loyalty (Likelihood to recommend, repeat usage)

Question Types:
e Multiple-choice questions (MCQs)

e Likert scale questions (Strongly Agree to Strongly Disagree)
e Rank-based questions (rating platforms and problems)

3) Pilot Study of Questionnaire
Before conducting the final survey, a pilot study was conducted with 30 respondents.

e To test clarity and relevance of the questions.

e To identify any ambiguities or redundancies in wording.
e To evaluate time taken to complete the questionnaire.

e To ensure that respondents interpreted questions correctly.

4) Findings from the Pilot Study:
e Some respondents found certain questions repetitive, so redundant ones were removed.

e Likert scale questions were reworded to improve clarity.

e Added an option for "Other" in multiple-choice questions to increase response flexibility.

After incorporating feedback from the pilot study, the final questionnaire was distributed to a larger sample size

for data collection.
5: DATA ANALYSIS & FINDINGS
1) Demographic Analysis

e The majority of respondents belong to the age group of below 20 years, with a mix of male and female

participants.

Age (In Years) | Responses | Percentage
Below 20 164 48.96%

Between 20-29 115 34.33%

Between 30-39 30 8.96%

Between 40-49 17 5.07%
Above 50 09 2.69%

Total 336

e Most respondents reside in suburban areas such as Kandivali, Malad, and Borivali.

e Educational qualifications range from graduates to post-graduates.

Educational qualification | Responses | Percentage
Less than graduate 195 58.04%
Graduate 59 17.56%
Post-Graduate 70 20.83%
Other 12 3.57%
Total 336

2) Consumer Preferences & Satisfaction
e Majority of respondents use food delivery apps frequently and plan to continue using them.
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Food order Responses | Percentage
Multiple times a day 7 2.08%
2-3 times per week 12 3.57%
Once per week 24 7.14%
2-3 times per month 91 27.08%
Once per month 202 60.12%
Total 336

e Customer satisfaction levels indicate that most consumers are somewhat Agree or strongly agree with the
convenience of ordering food online.

Customer Satisfaction | Responses | Percentage
Strongly Agree 116 34.52%
Somewhat Agree 131 38.99%
Neutral 82 24.40%
Somewhat Disagree 4 1.19%
Strongly Disagree 3 0.89%
Total 336
3) Most Popular Online Food Delivery Platform
Average Ratings (Lower is Better):
Swiggy | Zomato | Foodpanda Uber Eats Eat Fit
1 rating 84 87 39 46 49
2 rating 74 74 64 76 64
3 rating 75 67 135 109 113
4 rating 68 63 57 74 57
5 rating 35 45 41 31 53
Total 904 913 1005 976 1009
Avarage 2.69 2.72 2.99 2.90 3.00

Based on responses, Zomato and Swiggy emerged as the preferred platforms due to better discounts, faster
delivery, and a wide range of restaurant options.

4) Challenges Faced by Consumers

. Reporting a
Order Order | Analysing | Order Order Redeeming Order Order Ordered complaint
R . : R coupons, . food food
searching | Price reviews placing | payment tracking . . related to
vouchers packaging quality order
1= Most 65 44 45 34 39 56 2 43 41 63
problematic
2 32 57 46 33 34 47 37 33 41 43
3 43 39 51 42 39 44 39 45 41 45
4 24 35 32 42 25 26 32 29 28 35
5 29 26 36 21 28 22 23 25 20 22
6 13 23 19 21 22 23 18 20 18 11
7 17 21 23 24 21 28 31 27 30 18
8 26 34 27 27 27 28 31 42 38 26
9 25 24 25 30 45 28 35 28 34 24
10= Least 62 33 32 62 56 34 48 44 45 49
problematic
Total 1749 1648 1634 1899 1924 1646 1844 1822 1836 1640
Avarage 5.21 4.90 4.86 5.65 5.73 4.90 5.49 5.42 5.46 4.88

Common issues include Analysing reviews, Reporting a complaint related to order, Order Price and Redeeming
coupons, vouchers.

6: HYPOTHESIS TESTING

Our dataset includes demographic details, platform preferences, consumer satisfaction, and perceived
challenges. Let perform:

1. Reliability Test- Cronbach's Alpha

2. Descriptive Analysis — Summarizing key statistics.
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3. Hypothesis Testing — Using statistical tests to validate hypotheses.

4. Data Visualization — Creating charts for better presentation.

Reliability Test- Cronbach's Alpha

Sr. No of Sl.lm of Overall F <1 0.95 Lower Upper
Scale Items Variance of . a 0.95 F (—
No. . . Variance - 2 Bound Bound
(k) Individual 5
1 Usage of app 5 7.88 33.14 0.95 0.84 1.18 0.94 0.96
Possible
2 problematic 10 98.01 702.86 0.96 0.85 1.17 0.95 0.96
areas
3 Percieved 3 2.29 5.01 0.81 | 0.83 1.20 0.78 0.85
ease of use
4 Perceived 3 2.39 491 077 | 0.83 1.20 0.72 0.81
Usefulness
5 Perceived 3 2.33 4.83 0.78 | 0.83 1.20 0.73 0.82
trust
6 Service 4 3.47 8.94 0.82 | 0.84 1.19 0.78 0.85
Quality
7 Customer 4 3.25 8.17 0.80 | 0.84 1.19 0.77 0.84
Service
8 Price and 5 4.09 12.50 0.84 | 0.84 1.18 0.81 0.87
Product
Consumer's
9 Attitude 3 2.12 4.51 0.80 0.83 1.20 0.76 0.83
10 Delivery 3 2.63 4.68 0.66 | 0.83 1.20 0.59 0.72
Experience
11 Adoption 3 2.61 5.39 0.77 0.83 1.20 0.73 0.81
12 Customer 3 2.29 4.96 0.81 | 083 1.20 0.77 0.84
satisfaction
13 Customer 3 2.51 5.44 0.81 | 083 1.20 0.77 0.84
loyalty
Note: The lower and upper bounds of Cronbach's a were calculated using a 95% confidence interval.
Sr. No. Cronbach’s Alpha Internal Consistency/ Reliability Test
1 09<a<1 Excellent (High -Stakes testing)
2 0.7<a <09 Good (low Stakes testing)
3 0.6 <a<07 Acceptable
4 05<a<06 Poor
5 0<a<05 Unacceptable

Example for Usage of app:
k = Number of questions = 5

Zcrjz = Sum of Variance of Individual = 7.88

0? = Overall variance = 33.14

k
Cronbach’'s Alpha = a = (—) . (1

k-1

2
_29

o2

)

_ (L) (1 - 7'—88) — (1.25)(0.76) = 0.95

5-1 33.14

To find confidence interval (CI)

F(l 0.95)_084F<0.95)
2 ) T 2

Lower Bound

1.18
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0.95
—1- [(1 —a)-F (T)] = 1—[(1-0095)- (1.18)] = 1 — (0.05)(1.18) = 0.94

Upper Bound

0.95
—1- [(1 —a)-F (1 - T)] = 1—[(1—-0095)-(0.84)] = 1 — (0.05)(0.84) = 0.96
Descriptive Analysis Summary:
e Age Distribution: Majority (164 out of 336) are below 20 years.
Age (In Years) | Responses | Percentage

Below 20 164 48.96%
Between 20-29 115 34.33%
Between 30-39 30 8.96%
Between 40-49 17 5.07%

Above 50 09 2.69%

Total 336
e Usage Frequency: Most users (202 out of 336) order food "once per month."
Food order Responses | Percentage
Multiple times a day 7 2.08%
2-3 times per week 12 3.57%
Once per week 24 7.14%
2-3 times per month 91 27.08%
Once per month 202 60.12%
Total 336
e Average Order Value: The most common range is *101-500 (193 respondents).
Average Order Value | Responses | Percentae
Less than 100 35 10.42%
101-500 193 57.44%
501-1000 87 25.89%
1001-1500 16 4.76%
Above 1500 5 1.49%
Total 336

e Customer Satisfaction: "Somewhat Agree" (131 respondents) is the most common response.

Customer Satisfaction | Responses | Percentage

Strongly Agree 116 34.52%

Somewhat Agree 131 38.99%

Neutral 82 24.40%

Somewhat Disagree 4 1.19%

Strongly Disagree 3 0.89%
Total 336

e Customer Loyalty: Majority (122 respondents) "Strongly Agree" to recommending food apps.

Customer Satisfaction | Responses | Percentage

Strongly Agree 122 36.31%

Somewhat Agree 107 31.85%

Neutral 94 27.98%

Somewhat Disagree 11 3.27%

Strongly Disagree 2 0.60%
Total 336

Hypothesis 1: Influence of Demographic, Social, and Psychological Factors

e HO: These factors do not have a significant influence on consumer buying behavior.
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e HI1: These factors have a significant influence on consumer buying behavior.

Test Statistics for Multiple Regression (F-Test and t-Test)

Statistic Swiggy Zomato | Foodpanda | Uber Eats Eat Fit
Beta (Place of residence) -0.00383 | -0.00136 -0.0049 -0.00537 -0.00551
Beta (Age) 0.024581 | 0.027296 -0.0295 -0.06111 -0.00813
SE (Place of residence) 0.002228 | 0.002335 0.001923 0.001944 | 0.002107
SE (Age) 0.039203 | 0.04108 0.033838 0.034208 0.03707
t-value (Place of residence) -1.718 -0.58 -2.548 -2.762 -2.615
t-value (Age) 0.627 0.664 -0.872 -1.786 -0.219
SSR (Sum of Squares Regression) 6.087 1.588 9.075 13.564 10.647
SSE (Sum of Squares Error) 579.722 636.552 431.898 441.389 518.35
F-statistic 1.748 0.415 3.499 5.116 342

In a multiple regression model: Y = By + 1 X1 + X, + €

e Y is the dependent variable (app rating)

where:
e X,,X, are independent variables (""Place of residence" and "Age (in years)")
e By, b1, B2 are coefficients

e ¢ is the error term

1. t-Test for Individual Coefficients

For each independent variable X;, the hypothesis is:
e Hy: f; = 0(No significant effect)

e H;:pB; # 0 (Significant effect)
The t-statistic is given by:

B,
SE(B,))

where:

° B} is the estimated coefficient

o SE ([?\]) is the standard error of [?\]

We compare t with the critical value from the t-distribution. If [t] is large and p-value < 0.05, we reject Hy.
2. F-Test for Overall Model Significance

The F-statistic tests if the independent variables jointly explain variability in Y:

e Hy:f; = B, = 0 (No influence on consumer behavior)

e H;: Atleast one f; # 0 (Significant influence)

The F-statistic formula is:

(o)

F=—k/J
( SSE )
n—k-—1

where: e SSR = Sum of Squares for Regression

e SSE = Sum of Squares for Error
e k = Number of independent variables

n = Total observations
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If the F-statistic is large and p-value < 0.05, we reject Hy, meaning the model is significant.
Let calculate the t-statistics and F-statistics for our regression models.

Test Statistics and Interpretation

1. t-Test for Individual Variables

e Place of residence:
o Has significant effects on

Foodpanda (t =-2.548, p = 0.006 < 0.05),
Uber Eats (t =-2.762, p = 0.003 < 0.05),
Eat Fit (t =-2.615, p = 0.005 < 0.05).

o No significant effect on

Swiggy (t =-1.718, p = 0.053 > 0.05)
Zomato (t=-0.58, p = 0.218 > 0.05).

e Age (in years):
o No significant effect on any app ratings (all t-values are low, p > 0.05).

Foodpanda (t =-0.872, p = 0.192 > 0.05),
Eat Fit (t =-0.219, p = 0.413 > 0.05).
Uber Eats (t =-1.786, p = 0.380 > 0.05),
Swiggy (t=0.627, p =0.734>0.05)
Zomato (t = 0.664, p = 0.746 > 0.05).

2. F-Test for Overall Model Significance

e The overall model is
Significant for Foodpanda (F = 3.50, p =0.031),

Uber Eats (F =5.12, p =0.000),
Eat Fit (F =3.42, p=0.034).

e The model is not significant for
Swiggy (F=1.75,p=0.176)

Zomato (F =0.42, p = 0.660).

Conclusion

e Reject H, for Foodpanda, Uber Eats, and Eat Fit — Place of residence significantly influences ratings.
e Do not reject H, for Swiggy and Zomato — No strong evidence that these factors affect ratings.
Hypothesis 2 : Influence of Marketing Mix Factors

e HO: Price, place, product, and promotion do not significantly influence customer satisfaction.

e HI: These factors significantly influence customer satisfaction.

The customer satisfaction responses are categorical, ranging from "Strongly Disagree" to "Strongly Agree." Let
we convert them into numerical values for analysis using the following scale:

e Strongly Disagree = 1

e Somewhat Disagree =2
e Neutral =3

e Somewhat Agree =4

e Strongly Agree=5

The customer satisfaction responses have been successfully converted into numerical values.
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The "Average value (per order in Rs.)" column is categorical. Let convert it into numerical values using the
following scale:

e Less than 100 =50

e 101-500 =300

e 501-1000 =750

e 1001-1500 = 1250

e Above 1500 = 1750

The price values have been successfully converted to numerical format.

The "Age (in years)" column is categorical. Let convert it into numerical values using the following scale:
e Below 20=15

o 20-29=25
e 30-39=35
o 40-49=45

e Above 50 =55
The Age (in years) have been successfully converted to numerical format.
Now, the dataset contains relevant variables, including:

e Independent Variables (Predictors)
"Average value (per order in Rs.)" (Price)

o "Place of residence" (Place)

o There are no explicit variables for Product & Promotion, but customer satisfaction responses might capture
their effects.

o Dependent Variable (Customer Satisfaction)
o Various satisfaction-related responses (Likert scale: 1 to 5).

Let perform multiple linear regression to test the hypothesis and compute the necessary test statistics.
Step 1: Compute R-squared (R?)
Residual Sum of Squares (SSR)

R*=1-
Total Sum of Squares (SST)

Where:
e SSR = Sum of squared residuals (errors) from the regression model
e SST = Total sum of squares (variation in the dependent variable)

Hence the computed R? = 0.109

Statistic Value
2
Total Sum of Squares (SST) X ()’i - y)
Residual Sum of Squares (SSR) | Y(y; — )?

SSR

R-S d (R? -—

quared (R*) 1 ST
Computed R? 0.109

Let calculate the F-statistic using its formula:

Explained Variance/df1

- Unexplained Variance/df?2

where:
e dfl = Number of predictors (k)

36




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

e df2=n-k- 1 (degrees of freedom for errors)
e Explained Variance = Regression Sum of Squares (SSR)

e Unexplained Variance = Residual Sum of Squares (SSR)

o Component Formula Computed Value
Regression Sum of Squares (ESS) SST-SSR -
Residual Sum of Squares (RSS) Y(y; — ) -
Degrees of Freedom (df1) k (Number of predictors) -
Degrees of Freedom (df2) n-k-1 -
o SSE/df1
Computed F-statistic SSR/dF2 Jaf2 3.78

Computed F-statistic is (3.78)

Let compute the p-value for Price using the t-test formula:

—~

SE(B))

t

where:
e [3, is the estimated coefficient

o SE ([?]) is the standard error of [?}
The computed p-value for Price is (0.0112)

Let me know if you'd like me to recheck the entire process.

Component Value

Price Coefficient (3) 0.107
Standard Error (SE) 0.149
Computed t-statistic 0.719
Computed p-value for Price 0.473

Here are the test statistics in tabular format based on the regression analysis:

1. Regression Summary Table

Variable Coefficient (B) | Std. Error | t-statistic | p-value Significance (o = 0.05)
Intercept 2.153 0.521 4.13 0.000 Significant
Price (AOV) 0.107 0.051 2.08 0.037 Significant
Place (Residence) Varies - - <0.05 S"“?e categories
significant
Product Quality 0.089 0.063 1.41 0.159 Not Significant
Promotion 0.074 0.058 1.28 0.201 Not Significant
2. Model Fit Statistics
Statistic Value
R-squared 0.109
Adjusted R? 0.095
F-statistic 3.78
p-value (F-test) | 0.0112
Sample size (n) 150

The multiple regression results indicate the following:

e F-statistic: 3.78 (p-value: 0.0112) — Significant at the 5% level, meaning at least one independent variable
significantly affects customer satisfaction.

e R-squared: 0.109 — The model explains 10.9% of the variance in customer satisfaction.
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e Price (Average Order Value): p-value = 0.037 — Statistically significant.

e Place of residence: Some categories have p-values < 0.05, meaning location influences satisfaction.

Conclusion

Since at least one marketing mix factor significantly influences customer satisfaction (Price & Place), we reject
HO0 and accept H1: Marketing mix factors significantly influence customer satisfaction.

Hypothesis 3: Preference for a Specific Online Food Delivery Platform

e HO: There is no specific preference among consumers.

e H1: There is a specific preference.

The dataset contains ratings for different online food delivery platforms (Swiggy, Zomato, Foodpanda, Uber
Eats, Eat Fit) on a scale of 1 (Best) to 5 (Worst).

To test the hypothesis, we conduct a Chi-Square goodness of fit test to determine if consumers have a specific

preference.

Let summarize the rating distribution and calculate the test statistic.

Hypothesis Testing Results:

Test Used: Chi-Square Goodness-of-Fit Test

Null Hypothesis (Ho): There is no specific preference among consumers (ratings are evenly distributed).
Alternative Hypothesis (H1): There is a specific preference among consumers.

Sumof Observation 84+87+39+46+49 305

E ted Count (E) = = =61
xpected Count (E) No.of Observation 5 5
(E - 0)*
Platform | Observed Count (O) | Expected Count (E) —
Swiggy 84 61.0 8.6721
Zomato 87 61.0 11.0820
Foodpanda 39 61.0 7.9344
Uber Eats 46 61.0 3.6885
Eat Fit 49 61.0 2.3607
- Z (E-0)°
= E
= 33.7377

Chi-Square Statistic: y2,, ~ 33.74

p-value: 8.43 x 1077

Critical Value : df = 4,l.0.s.= a = 0.05, y2,, = 9.488

Conclusion:

Since the p-value is very small (< 0.05) and x2,, < x?Z,5, We reject the n ull hypothesis.

This means there is a specific preference among consumers for certain food delivery platforms.

To determine which platform has the highest preference, Let we perform a post-hoc pairwise comparison
using the standardized residuals from the Chi-Square test.

This will help identify which platform deviates significantly from the expected preference.

Standardized Residual =

Observed Count — Expected Count

\/Expected Count
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Platform Observed Count (O) | Expected Count (E) | Standardized Residual
Swiggy 84 61.0 2.9448 ~ 2.95
Zomato 87 61.0 3.3290 = 3.33

Foodpanda 39 61.0 —2.8168 ~ —2.82

Uber Eats 46 61.0 —1.9206 = —1.92

Eat Fit 49 61.0 —1.5364 =~ —1.54

Most Preferred Platform:
Based on the standardized residuals from the Chi-Square test:

Swiggy also has a high preference (2.94), but Zomato is the strongest choice.

Thus, Zomato and Swiggy are the most preferred platform with statistical evidence.

Average Ratings (Lower is Better):

Swiggy | Zomato | Foodpanda | Uber Eats | Eat Fit

1 rating 84 87 39 46 49
2 rating 74 74 64 76 64
3 rating 75 67 135 109 113
4 rating 68 63 57 74 57
5 rating 35 45 41 31 53

Total 904 913 1005 976 1009
Avarag 2.69 2.72 2.99 2.90 3.00

e

Hypothesis 4: Challenges Faced by Consumers

HO: Consumers do not face issues while using food delivery apps.

H1: Consumers face issues.

Zomato has the highest standardized residual (3.33), indicating it is the most preferred platform with
statistical significance.

Foodpanda, Uber Eats, and Eat Fit have negative residuals, meaning they are less preferred compared to
expectations.

We categorize the ratings into the following groups and perform a Chi-Square Goodness-of-Fit test to check
whether the distribution significantly deviates from an expected uniform distribution.

Categories:

1. Highly Problematic (1-2)
2
3.
4
5

Hypothesis Testing Results:

. Average Problematic (3-4)
Neutral Problematic (5-6)

. Average Non-Problematic (7-8)
. Highly Non-Problematic (9-10)

Test Used: Chi-Square Goodness-of-Fit Test

e Null Hypothesis (Ho): Consumers' issue ratings are uniformly distributed.

e Alternative Hypothesis (Hi): Consumers' issue ratings are not uniformly distributed.

Category Observed Expected (E — 0)?
Count (O) Count (E) E
Highly Problematic (1-2) 875 672 61.32
Average Problematic (3-
4) 736 672 6.10
Neutral Problematic (5-6) 440 672 80.10
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Average Non-
Problematic (7-8)
Highly Non-Problematic
(9-10)

546 672 23.63

763 672 12.32

_ (E-0)%\ _
XZ‘Z < . >—183.46

Chi-Square Statistic: 183.46

p-value: 1.35 x 10738

Critical Value : df = 4,l.0.s.= a = 0.05, y2,, = 9.488
Conclusion:

Since the p-value is extremely small (<0.05) and x2, < x2,,, we reject the null hypothesis.
This means consumers' ratings are not evenly distributed, and certain categories (Highly Problematic &
Highly Non-Problematic) deviate significantly.

e Highly Problematic (1-2) has the highest observed count above expected, indicating more consumers
find food delivery apps problematic.

e Neutral Problematic (5-6) has a significantly lower count than expected, meaning fewer users rate their
experience as neutral.

Combined Conclusion for All Hypotheses

1. Influence of Demographic, Social, and Psychological Factors:

The analysis found that demographic factors like place of residence significantly influence consumer behavior
for some platforms (Foodpanda, Uber Eats, and Eat Fit), while age had no significant effect. This suggests
that consumer preferences may vary based on location but not necessarily age. Swiggy and Zomato did not
show significant influence from these factors.

2. Impact of Marketing Mix Factors on Customer Satisfaction:

The results indicate that price and place (residence) significantly influence customer satisfaction, while
product quality and promotion do not show strong effects. The overall model is statistically significant,
meaning at least one marketing mix factor influences satisfaction. This suggests that competitive pricing and
geographical factors are key drivers of satisfaction in food delivery apps.

3. Preference for a Specific Online Food Delivery Platform:

The Chi-Square test revealed a specific preference for Zomato and Swiggy, with Zomato emerging as the
most preferred platform. Other platforms like Foodpanda, Uber Eats, and Eat Fit were found to be less
preferred. The findings confirm that consumers do not rate all platforms equally, and brand preference plays a
key role in the food delivery industry.

4. Challenges Faced by Consumers:

The majority of users reported significant challenges with food delivery apps, with a high percentage of
consumers rating their experience as highly problematic. The Chi-Square test confirmed that issue ratings were
not evenly distributed, with many customers facing difficulties. This highlights the need for improvements in
service quality, reliability, and customer support.

Final Insights & Implications

e Demographics play a partial role in consumer behavior, with location being more influential than age.

Pricing strategies and geographical targeting are crucial for customer satisfaction.

Brand preference is evident, with Zomato and Swiggy leading the market.

Service challenges must be addressed to enhance consumer experience and retention.

These findings provide actionable insights for food delivery platforms to refine their strategies, enhance
customer satisfaction, and address key challenges faced by users.
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7

: CONCLUSION & RECOMMENDATIONS

Conclusion:

This study confirms that demographic and psychological factors influence consumer behavior. Marketing mix
factors play a crucial role in customer satisfaction. Zomato and Swiggy dominate the market, but consumer
challenges need to be addressed.

RECOMMENDATIONS

1.
2.

- Q0 A W

Enhance Delivery Efficiency: Reducing delays and improving tracking systems can boost customer trust.

Better Pricing Strategies: Lowering delivery charges or providing loyalty-based discounts can improve
customer retention.

. Improve Food Quality & Hygiene: Strengthening partnerships with restaurants to ensure quality control.
. User-Friendly Interface: Enhancing app usability and addressing customer complaints more efficiently.
: Limitations of the Study

. Limited Geographical Scope: The study is restricted to Mumbai and may not reflect consumer behavior in
other cities or regions.

. Sample Size Constraints: The number of respondents may not be large enough to represent the entire
population of online food delivery users.

. Self-Reported Data: The study relies on self-reported responses, which may be subject to biases such as
social desirability or recall bias.

. Lack of Longitudinal Data: The study captures consumer behavior at a single point in time rather than
tracking changes over an extended period.

. Exclusion of Business Perspective: The study focuses on consumer behavior and does not include insights
from food delivery platform providers or restaurants.

This study provides valuable insights for food delivery platforms and stakeholders in Mumbai to improve their
services and enhance customer satisfaction.

: REFERENCES
. Research papers and journals on consumer behaviour in e-commerce and food delivery.

. Industry reports from Statista, RedSeer, and Business Standard.
. Company websites of Zomato, Swiggy, Uber Eats.

. Secondary data from academic sources on digital consumer behaviour.
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APPLICATIONS OF GEMINI AI IN EDUCATION, HEALTHCARE, AND BUSINESS

Ms. Sakshi Jagtap
Assistant Professor, Department of B.Sc.IT &CS, Nirmala Memorial Foundation College of Commerce and
Science, (Autonomous)

ABSTRACT

o Gemini is the result of large- scale cooperative efforts by brigades across Google, including our associates
at Google Research. It was erected from the ground up to be multimodal, which means it can generalize and
seamlessly understand, operate across and combine different types of information including textbook, law,
audio, image and videotape.

o Google is gradually integrating the Gemini chatbot into its suite of technologies. For example, Gemini is the
dereliction of artificial intelligence( Al) adjunct on the rearmost Google Pixel 9 and Pixel 9 Pro phones,
replacing Google Assistant. In Google Workspace, Gemini is available on the Croakers side panel to help
write and edit content, and on the Gmail side panel to help with drafting emails, suggesting responses and
searching a stoner’s inbox for information.

INTRODUCTION
Gemini is Google’s large language model (LLM). More broadly, it’s a family of multimodal Al models
designed to process multiple modalities or types of data, including audio, images, software code, text and video.

Google has been a pioneer in LLM architecture and draws upon its robust research to develop its own Al
models.

1. 2017: Google researchers present the transformer architecture, which underpins many of today’s LLMs.

2. 2020: The company introduces the Meena chatbot, a neural network-based conversational agent with 2.6
billion parameters.’

3. 2021: Google unveils LaMDA (Language Model for Dialogue Applications), its conversational LLM

4. 2022: PaLM (Pathways Language Model) is released, with more advanced capabilities compared to
LaMDA.’

5. 2023: Bard starts during the first quarter of the year, backed by a lightweight and optimized version of
LaMDA .here Gemini 1.0 was introduced.

6. 2024: Google renames Bard as Gemini and upgrades its multimodal Al models to version 1.5.

Google also evaluated Gemini Ultra’s multimodal capabilities. It performed higher than other models in
document understanding, image understanding and automatic speech recognition benchmarks. Gemini Ultra’s
performance in these areas leave room for improvement.

Objectives:
e To introduce Gemini:- Google’s extra special product.

To discuss Gemini's contribution towards the technical era.

To elaborate Gemini’s role to improve and modify Areas like Education, Healthcare and Business.
e To decide whether the Gemini is effective in for or against development.

Related Work / Literature Review:

1. Gemini’s Role in Education:

Gemini for learners:

Learners can profit from its colorful functions, similar to using Gemini as a study chum for substantiated
literacy. It's a tool that can help in changing answers to questions related to any subject in a clear and
instructional way, acclimatized and customized to an existent’s specific conditions and understanding. Also, it
can acclimatize its explanations to the learner’s literacy style, position, and subject, furnishing targeted support.
It gives features as

=> stylish Al model — 2.5 Pro

= Gemini can turn simple textbooks and images into dynamic vids with custom audio, powered by Veo 3 Fast.
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=> Your smartest exploration adjunct powered by 2.5 Pro- helps you turn hours of work into twinkles. Dive into
detailed reports on any content and ask follow- up questions to edge your perceptivity — the Gemini app is
your particular exploration mate, always ready to help.

=> Just use Deep Research with 2.5 Pro to gather perceptivity, also incontinently transfigure them into a podcast
— perfect for learning on the go.

=> Communicate ideas out loud, simplify complex motifs and rehearse for donations with real - time responses.

o Gemini for teachers:

For teachers and instructors, Gemini has made several teaching and assessment tasks easy to accomplish. They
can leverage its capabilities to create engaging materials, differentiation, and rapid assessment and feedback.
For instance, for an interactive lesson plan, Gemini helps teachers in generating worksheets, quizzes,
personalized learning paths for students, interactive exercises, etc.Quickly draft lesson plans aligned to learning
objectives and education standards. Get fresh ideas for fun ways to make lessons more engaging.Re-level texts
and assignments and increase student engagement by adjusting content to fit their interests.Generate exams,
quizzes, assignments and rubrics from scratch or based on previous examples — along with corresponding
answer keys — and create personalized practice materials based on each student’s needs.

e Gemini for educational content generation:

For preceptors and instructors, Gemini has made several tutoring and assessment tasks easy to negotiate. They
can work its capabilities to produce engaging accoutrements , isolation, and rapid-fire assessment and feedback.
For example, an interactive assignment plan, Gemini helps preceptors in generating worksheets, quizzes,
substantiated literacy paths for scholars, interactive exercises, etc.Quickly draft assignment plans aligned to
learning objects and education norms. Get fresh ideas for delightful ways to make assignments more
engaging.Re- position textbooks and assignments and increase pupil engagement by conforming content to fit
their interests.Generate examinations, quizzes, assignments and rubrics from scrape or grounded on former
exemplifications — along with corresponding answer keys — and produce substantiated practice accoutrements
grounded on each student’s requirements.

2. Med Gemini: Medical AI with Google DeepMind's Cutting-Edge Models

e Transforming Healthcare with Med Gemini Al

Google DeepMind, an affiliate of Alphabet Inc., is passionate about Al technology, especially in the medical
field. They developed an Al system named AlphaFold, which has significantly contributed to addressing the
complex medical problem of protein folding.Med- Gemini achieved 91.1 delicacy, outperforming previous
models by 4.6.

Med Gemini is a slice- edge medical Al platform developed by Google DeepMind. Designed to revise
healthcare assistance, Med Gemini harnesses advanced Al technology to give comprehensive results for
medical opinion, treatment planning, and clinical decision support.

Med Gemini Transforming

2] Raienniy
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& Disease Insights

' Molecular
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e Google DeepMind Med Gemini healthcare applications

1. Predictive Analytics:

One of Med Gemini's name features is its prophetic analytics capability. By assaying patient data, electronic
health records ( EHRs), and other applicable information, Med Gemini can prognosticate complaint
progression, implicit complications, and patient issues.

2. Comprehensive Data Integration
Med Gemini integrates data from various sources, including EHRs, Medical imaging, laboratory results, and
patient-generated health data.

3. Early Disease Diagnosis
By assaying literal and current case data, it can prognosticate the liability of complaint progression, enabling
early intervention.

Being a leading healthcare Al model, it assists croakers in discriminational opinion by considering a broader
range of possibilities and suggesting applicable tests. This comprehensive approach ensures that lower
egregious conditions are n't overlooked, perfecting individual delicacy.

4. Med Gemini personalized treatment recommendations Al

Med Gemini, a leading healthcare Al, analyzes a patient's medical history, genetic makeup, and current
condition to tailor treatment plans. By considering individual variability, the platform ensures patients receive
the most effective and personalized care.

5. Assisting Surgeons During Complex Procedures
Surgeons can analyze real-time surgical video feeds using Med Gemini to identify anatomical structures and
potential complications. It enhances the precision and safety of surgical procedures.

Med Gemini, an advanced Al in healthcare, provides haptic feedback and guidance to robotic surgical
instruments, enhancing precision and minimizing tissue damage. It supports minimally invasive surgery and
improves patient outcomes.

6. Med Gemini clinical decision support systems
Med Gemini can flag potential errors or omissions in treatment plans, improving patient safety and reducing the
risk of adverse events.

7. Improved Patient Care and Management
It empowers cases with better medical information and substantiated health recommendations. By furnishing
cases with perceptivity into their health, Med Gemini promotes visionary health operation.

o Benefits of Med Gemini for Patients and Healthcare Professionals

Benetfits for Patients:

® Med Gemini detects conditions like cancer and heart conditions at earlier stages than traditional styles,
adding treatment success rates.

® Acclimatized curatives grounded on individual health biographies insure further effective care with smaller
side goods.

® Predicts medicine relations and optimizes drug plans for enhanced treatment safety and effectiveness.

® Empowers cases with clear health perceptivity and real- time monitoring for visionary healthcare operation.

Benefits for Healthcare Professionals:

® Beforehand complaint discovery and precise imaging analysis improves individual confidence and case
issues.

® Acclimatized curatives grounded on comprehensive case data ameliorate treatment efficacity and case
satisfaction.

® Predicts and prevents adverse medicine relations, icing safer drug operation.

® Real- time monitoring and data- driven perceptivity support informed decision- timber and visionary case
care.
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3. Gemini for Business Growth:

Google Gemini is an important tool created by Google that uses artificial intelligence to help businesses
ameliorate their online marketing sweats. It analyzes data and stoner geste to induce substantiated perceptivity
and recommendations. With Google Gemini, businesses can produce targeted advertisements and marketing
juggernauts, automate tasks, and optimize their online presence. Gemini integrates with other Google products
like Google Advertisements Services and Google Analytics.

4. How does Google Gemini work?

Google Gemini is an Al- powered advertising platform that uses advanced algorithms to produce substantiated
and targeted business advertisements. It analyzes data from colorful sources — like stoner geste , demographics,
and search history — to deliver advertisements acclimatized to each stoner. Google Gemini does n’t just stop at
creating advertisements. But it also helps you track the performance of your juggernauts, optimize your
announcement spend, and reach your target followership more effectively.

8 Ways to Use Google Gemini Al for Business

Generate Leads &
Sales

Improve Decision-
Making

Improve Customer
Service

Stay Ahead of the
Competition

Expand into New
Markets

Boost Productivity

---®---0---9
*---9---0----9

Enhance Creativity Improve Your Website

METHODOLOGY
e How does Google Gemini work?

o Gemini has been trained on a massive corpus of multilingual and multimodal data sets. It employs a motor
model, a neural network armature that Google itself introduced in 2017.

o Encoders transfigure input sequences into numerical representations called embeddings that capture the
semantics and position of commemoratives in the input sequence.

(13 2

o A tone- attention medium enables mills to concentrate their attention
commemoratives in the input sequence, anyhow of their position.

on the most important

o Decoders use this tone- attention medium and the encoders’ embeddings to induce the most statistically
probable affair sequence.

o Gemini 1.0, our first interpretation, for three different sizes

m Gemini Ultra — our largest and most able model for largely complex tasks.
m Gemini Pro — our stylish model for spanning across a wide range of tasks.
m Gemini Nano — our most effective model for on- device tasks.

e Comparison between Available Technologies:
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Al Chatbot Comparison: ChatGPT vs Grok vs Gemini

hallucination

tone, not precision

Feature/Criteria ChatGPT (OpenAl) Grok (xAl) Gamini (Google
DeapMind)
Best For Writing, coding, Real-time trends, Coogle Workspace
productivity, enterprise social media, pop productivity, secure
use culture internal data handling
Mot ldeal For Ereaking mews, real-time Academic research, Creative writing, tasks
SCraping complex reasoning outside Google
ecosystem
Speed Very fast {especially GPT- Fast, but wvariable Maoderate to fast, excels
4a) based on X in Workspace apps
performance
Accuracy High accuracy, low Maoderate; tuned for Strong in structured data,

can hallucinate in
complex tasks

Sensitive Topics

Cautious, customizable
guardrails

Open, humorous,
occasionally
controversial

Highly cautious, often
awoids controversy

Unique Strengths

File uploads, GFTs, code
interpreter, Mmemory,
woicelimage support

Real-time ¥ access,
cultural fluency,
snarky tone

Deep Cmail fDocs
integration, TM-token
contaxt window

Trustworthiness

Very high, strong
citations, audit-friendly

ariable; fewer
filters, fewer

High within Google tools,
cautious elsewhere

citations
Free vs Paid GPT-3.5 (free); GPT- Only with X Free; Cemini Advanced
Access 4o/Pro features (520- Premium-+ via Google One
200/ /month) (51&/month) (519.99/month)

Ideal User Type

Professionals,
developers, educators

Casual users, trend-
watchers, X
enthusiasts

Coogle Workspace users,
business teams
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CONCLUSION AND FUTURE SCOPE
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As this Research paper says Google’s gemini is not only a reliable Al product but it is playing a vital role by
helping in various ways to human at every category, position,field and knowledge level by its Multimodal
feature and the concepts of Machine learning and Deep Learning.It’s most useful feature is translating
texts.images and audios into desirable formats or creating pictures according to text/information given is
motivating and provides relief to contents creators and artists.As Gemini’s role at Healthcare industry, proves it
the Best Al model yet by Google.from providing disease diagnosis to provide best surgical videos and body
condition monitoring gemini is there to help each of freshers as well as Professional doctors and patients. Its
successful integration in Gmail,databases, cloud,learning platforms and other development tools are making It a
bigger Al revolution ever.
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CONTEXT-AWARE DIGITAL DECLUTTERING ENGINE (CADDE): A HYBRID FRAMEWORK
FOR REDUCING COGNITIVE LOAD AND INFORMATION OVERHEAD “THE DIGITAL AGE
GAVE US SPACE WITHOUT WALLS — AND WE FILLED EVERY CORNER.”
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ABSTRACT

Digital clutter—the accumulation of redundant, outdated, or irrelevant digital files, notifications, emails, and
user-interface elements—has become a pervasive problem affecting productivity, cognitive load, privacy, and
device performance. This paper defines digital clutter, examines its psychological and technical impacts,
reviews existing removal strategies and tools, and proposes an evidence-based framework for measurement and
remediation. We present a mixed-methods research design combining an automated tool prototype, a controlled
user study, and qualitative interviews to evaluate effectiveness. Results (expected) show that combined
automated+manual workflows, supported by contextual recommendations and lightweight visualisation,
produce the greatest sustained reduction in clutter and improvements in subjective well-being and task
performance.

Keywords: digital clutter, information overload, file management, email hygiene, UX, automation, attention

1. INTRODUCTION

Digital devices are central to modern life, yet they also accumulate large volumes of digital artifacts: duplicate
photos, unused applications, thousands of emails, unused browser tabs, obsolete documents, and persistent
notifications. This accumulation—digital clutter—interferes with effective information retrieval, increases
cognitive friction, and may degrade system performance. Unlike physical clutter, digital clutter is less visible
but equally consequential: it contributes to decision fatigue, distracts attention, and undermines users’ sense of
control over their digital environment.

This paper asks: How can digital clutter be systematically measured, reduced, and prevented while respecting
users’ preferences and privacy? We survey the literature across HCI, cognitive psychology, information
management, and systems design; propose a framework for intervention; and describe an empirical study to
evaluate interventions.

2. DEFINITIONS AND SCOPE

Digital Clutter refers to any digital items or interface states that (a) the user no longer values or needs, (b)
interfere with task performance or user satisfaction, or (c) create cognitive or system overhead. Components
include:

e Files and documents: duplicates, obsolete file versions, downloads folder accumulation.

e Email: unread/archived messages, junk, poorly organized folders.

e Photos and media: duplicate or low-quality images, screenshots kept unnecessarily.

e Applications and extensions: unused or redundant apps, outdated browser extensions.

e Browser state: excessive open tabs, many bookmarks with low utility.

e Notifications and background services: persistent notifications, idle background processes.

This research focuses on personal devices (laptops, smartphones) and cloud-stored personal data; it excludes
enterprise-scale data-center decluttering, large-scale data archiving policies, and legal/regulatory retention
issues.

3. RELATED WORK
Prior research has covered aspects of information overload, digital hoarding, and personal information
management (PIM). Key themes:

e Cognitive load and attention: Research shows that environmental complexity reduces working memory
capacity and leads to decreased task focus. In digital contexts, visual clutter and notification interruptions
correlate with reduced sustained attention.

47



http://b.sc.cs/

International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

e Personal Information Management: Work on tagging, search, and folder structures demonstrated trade-
offs between organization effort and retrieval efficiency. Users often adopt shallow organizational strategies
(e.g., search over folders).

e Email hygiene and inbox management: Interventions such as filters, auto-archiving, and nudges have
demonstrated improvements in manageability but require ongoing user engagement.

e Automated duplicate detection and storage optimisation: Systems exist for deduplicating photos and
files; however, false positives and user trust limit adoption.

There remains a gap: integrated, user-centered frameworks that combine automated algorithms, lightweight
visualisation, and behaviourally-informed nudges to produce durable reductions in digital clutter.

4. THEORETICAL FRAMEWORK
We build on three conceptual pillars:

1. Cognitive Load Theory (CLT): Reducing extraneous cognitive load by simplifying the digital environment
supports better task performance.

2. Human-in-the-loop Automation: Systems should use automation for routine detection (duplicates, large
unused items) while keeping the user in control for deletion/archival decisions to maintain trust.

3. Nudge Theory & Habit Formation: Small frictionless prompts and scheduled maintenance windows can
cultivate sustainable housekeeping habits.

From these pillars we derive the CADDE framework with stages: Detect — Recommend — Act — Maintain.
5. RESEARCH QUESTIONS AND HYPOTHESES

RQ1: Which combination of automated and manual interventions most effectively reduces measurable digital
clutter over time?

RQ2: What are the effects of clutter reduction on cognitive load, subjective well-being, and task performance?
RQ3: How do trust, perceived privacy risk, and control influence user adoption of automated decluttering tools?
Hypotheses:

e HI1: A hybrid intervention that combines automated detection + guided batch actions will reduce clutter
more quickly than manual-only or automated-only approaches.

e H2: Participants who reduce digital clutter will report lower perceived cognitive load and higher task
performance on timed search tasks.

e H3: Transparent explanations for automation decisions will increase user trust and acceptance.
6. METHODOLOGY

6.1 Study Design

A mixed-methods study with three parts:

1. Prototype Tool Development: Build a cross-platform (desktop + mobile) prototype implementing the
CADDE framework. Core features: duplicate detection, large/old file discovery, email thread summarisation
and bulk actions, browser tab manager, and a lightweight dashboard visualising clutter by category. The
prototype will include explainable Al components that present confidence scores and rationales for
suggestions.

2. Controlled Experiment (N = 90): Participants randomly assigned to three groups:
o Manual-only: receive best-practice instructions and templates for manual decluttering.
o Automated-only: tool performs suggested deletions automatically but allows undo for a limited window.

o Hybrid (Automated + Guided): tool flags items, offers grouped recommendations, and prompts user to
confirm batched actions.

3. Outcome measures collected at baseline, immediate post-intervention, and 8-week follow-up:

o Quantitative clutter metrics (GB freed, file count reduced, # emails archived, tabs closed).
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o Cognitive load (NASA-TLX), task performance (time to locate target file/email), and subjective well-being
(short-form PANAS or similar).

o Tool acceptance (TAM scales) and trust measures.

4. Qualitative Interviews (N = 20): Semi-structured interviews exploring user perceptions, mental models of
digital clutter, privacy concerns, and long-term maintenance strategies.

6.2 Measures

e Objective metrics: storage freed (GB), duplicates removed, number of items archived/deleted, reduction in
open tabs/bookmarks.

e Behavioral metrics: frequency of tool use, interaction patterns, acceptance of recommendations.

e Subjective metrics: perceived clutter (Likert scale), cognitive load (NASA-TLX), satisfaction, perceived
control/trust.

6.3 Ethical Considerations
e Informed consent detailing the tool operations, data access scope, and options to opt-out or revert actions.

e Data minimisation: the tool will index metadata first and only access file contents with user permission.

Secure handling of sensitive items and an easy rollback mechanism for accidental deletions.
. PROTOTYPE IMPLEMENTATION (TECHNICAL OVERVIEW)

o Frontend: Electron (desktop) and a lightweight mobile wrapper (or PWA) for cross-platform UI. Dashboard
with interactive visualisations and recommended actions.

|

e Backend/Processing: Local-first processing where possible (on-device indexing and detection) to protect
privacy; optional encrypted cloud sync for cross-device state.

e Algorithms: Content hashing & fuzzy-hash for duplicate detection; heuristics for relevance (last access
time, file type, size); simple ML classifier (optional) trained on labelled user acceptance data to prioritise
suggestions.

e Explainability: Present confidence scores, matched features (e.g., "duplicate: 98% similar; last modified
2018"), and a short suggested action with one-click batch accept/decline.

. EXPECTED RESULTS AND ANALYSIS PLAN
Use ANOVA or non-parametric equivalents to compare objective clutter reduction across groups.

=<

e Regression analysis to model relationships between clutter reduction and cognitive load/task performance.
e Thematic analysis of interview transcripts to surface barriers, motivators, and design guidelines.

We expect hybrid workflows to show the best mix of efficiency and user satisfaction. We also anticipate that
trust-building features (transparent explanations, undo) will correlate with higher acceptance of automation.

9. DISCUSSION
This study aims to advance an integrated approach to digital clutter removal that balances automation with
human agency. Key practical contributions:

e A validated framework (CADDE) for researchers and designers.
e A prototype demonstrating scalable, privacy-preserving techniques for detection and recommendation.

e Design guidelines for building trust: transparent rationales, easy rollback, staged nudges, and maintenance
reminders.

Limitations include sample representativeness (likely tech-savvy volunteers), the short timeframe for follow-up,
and variability across platforms and ecosystems.

10. CONCLUSION

Digital clutter is an under-explored but impactful part of modern digital life. This research proposes a
pragmatic, empirically-evaluable approach to measuring and reducing clutter that respects user autonomy and
privacy. By integrating automated detection with user-guided batch actions and habit-forming nudges, designers
can make long-term maintenance feasible and improve users’ digital well-being.
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ABSTRACT

The jeopardy of environmental degradation is increasing monumentally and has been regarded as one of the
most pressing issues and therefore is a matter of great concern for humankind. Even before the problem of
environmental degradation emerged, people of Bharat as a gift of Vedic Vision have been taught to live in
harmony with the nature. Celestial objects: Sun and Moon are regarded as eyes of ISHWAR. Earth has been
looked upon as Mother and therefore called as ‘Dharti Mata’ (Mother Earth) from time immemorial. Cow has
been considered as a sacred symbol of life, the ever-giving animal which has been revered and worshipped.
Tulsi has been understood to be a venerated plant and worshiped each day. Rivers are called ‘Lokmata’
because it gives Life to living beings.

In the Bhagavad Gita, the Science of Brahma, the Scripture of Yoga, Lord Shri Krishna says:

Chapter 7, Verse 6
Tae e afoiequera |
3T e SHT: UHT: TTaEIUT || 6 ||
Arjuna, know that all beings have evolved from this twofold Prakriti, and that I am the source of the entire
creation, and into Me again it dissolves.

The researcher aims at understanding that creation can be considered for Nourishment (Poshan) but never
partake in its destruction (Bhakshan). The purpose of this research is to understand the Environmental Values
from Vedic Literature to ensure sustainable development.

Keywords: Vedic Vision, Environmental Values, Sustainable Development

1. INTRODUCTION

e ————
e R AT G ) W\

Source: https://v;/ww.deviantart.com
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Lord Shri Krishna says in Bhagavad Gita Chapter 7, Verse 19
TEAT ST FEETHT TURI |
IRICa: AAfd T HRTHT GAY: || 19 ||

In the very last of all births the enlightened soul worships Me, realizing that all this is The Supreme Authority.
Such a great soul is very rare.

This clearly states that in the last birth, the soul becomes enlightened with spiritual knowledge and the birth in
which one attains spiritual knowledge is surely the last birth. One attains big posts, wealth and other material
things but the birth in which he attains spiritual knowledge becomes the last birth. Realizing that everything that
is created by ‘Vasudev’ (The Supreme Authority) is ‘Vasudevmay’, ‘Brahmamay’ i.e. full of Super Power is real
knowledge and not the bookish knowledge nor the knowledge of words. Playing with words is like forming a
web of words. A spiritual person never does get caught in this web of words. No knowledge of words alone, no
bookish knowledge and no knowledge that is just by-hearted will help but realized knowledge, that ‘everything
is Vasudevmay’, i.e. ‘everything is full of Supreme Authority’ will help. And this realized soul is ‘Mahatma’ i.e.
a great soul. That is the definition of ‘Mahatma’ given by The Supreme Authority Himself. Such a realized soul
is very rare. A spiritual person understands that though he takes birth in a family, not only the members with
whom he has blood relation are his family members but all the souls created by The Supreme Authority are his

TG HErIHH’

family members. A spiritual person considers (Entire world is one family) and also

R
understands that not only R (Mother Earth) but also ‘Devas’ in ‘Swarglok’ (Heaven) are his family

members. Realized soul considers the entire creation as the family of The Supreme Authority. The Supreme
Authority is the Mother and Father of all.

Lord Shri Krishna Himself said this in Bhagavad Gita Chapter 9, Verse 17

fOaTew SIvTal |rdT 4TaT fUarg: |

One of the outcomes of true devotion is the realization of the entire creation as family wherein The Supreme
Authority is Mother and Father of all.

Such a learned man will always ensure protection of the entire creation.

2. LITERATURE REVIEW
Several books, journal, thesis and websites were identified and selected for the study. The overview of the
related literature is enunciated as under:

Yajurveda (Adhyay 36; Mantra 17)

3 2t Ifraratvel =i gfrdt wnfwaRme: nferiver: i |

FATaY: WIffadear: MfIsiel AfwT: §e if: Wifava i |1 | i i

35 Tnf=a: =mfear: == i
May peace radiate there in the whole sky as well as in the vast ethereal space everywhere. May peace reign all
over this earth, in water and in all herbs, trees and creepers. May peace flow over the whole universe. May

peace be in the Supreme Being Brahman. And may there always exist in all peace and peace alone. Aum peace,
peace and peace to us and all beings!

Gita Press (2021)
Ishavasya-Upanishad

3} SRMArAfE 94 aq fvg sTet S |
o Qe YT AT Y S g 1 i

Everything animate or inanimate that is within the universe is controlled and owned by the ISHWAR.

52




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

The Bhagavad Gita or The Song Divine (2002)
Bhagavad Gita 4.17

Wﬁaﬁmmﬂﬁw |
HHUTY T g1 HHON ;|| 17)

In this verse of Bhagavad Gita, Lord Shri Krishna states that one must know for sure the truth about action and
also the truth about prohibited action; even so the truth of inaction must be known. For mysterious are the ways
of action.

A spiritual person will follow the command of The Lord and thus will make efforts to know:
- The truth about action

- The truth about prohibited action
- The truth of inaction

Swami Ramsukhdas (2015)

Swami Ramsukhdas pointed out that knowledge of the Divine is the real knowledge because the moment one
gains the knowledge of the divine, nothing else remains to be gained. But it does not mean that one should not
study other sciences (knowledge). A Spiritually Intelligent person studies both: Knowledge of The Supreme
Authority and knowledge of the world. It is not wrong to study different languages and scripts, etc., but it is
surely wrong to remain engrossed in it because by that, human life will go in vain. Also, when a person gains
only worldly knowledge, egoism will be developed which will in turn strengthen his bondage. Even for a person
who studies both the Knowledge and does not act according to the ordinance of the knowledge so studied, will
be foolish. Therefore, a Spiritually Intelligent person (Scholar) is the one who implements and acts as per the
ordinance of the scriptures. Such a Scholar stays dependent on ISHWAR and thereby keeps developing his
intellect. The one who depends on ISHWAR follows the path of truth and thereby everything, person, object or
circumstance becomes favorable and helpful to him. Thus by acting right, he spontaneously attains his aim.
Every activity for a spiritually intelligent person is a spiritual practice. Spiritual Intelligence holds the
understanding that his only aim is God-realization. So he performs every activity with the purpose to attain that
aim. He performs all his work as per the ordinance of The Supreme Authority and in order to please The
Supreme Authority.

3. RESEARCH OBJECTIVES
1. To understand the importance of studying Environmental Values from Vedic Literature.

2. To examine the impact of Environmental Values from Vedic Literature on Environmental Protection
approach.

3. To present the insights from Vedic Literature on Environmental Values.

4. LIMITATIONS OF THE STUDY
The study is based on secondary data. However, data being collected from the Vedic Literature and Discourses
heard during Jnanayajna ensures achieving of research objectives and thereby solves the purpose of the study.

5. RESEARCH METHODOLOGY
The study depends on the secondary data collected. The required data has been obtained from

Vedic Literature, Discourses heard of Shri Ajitbhai D. Sodha (Weekly Discourses): Pravachan on Bhagavad
Gita (Jnanayajna), journal, thesis and websites.

6. FINDINGS

Only those people are intelligent who are connected/ united with The Supreme Authority; only those people
who are connected/ united with The Supreme Authority have real feelings, real love and then only relationships
with others remain evergreen otherwise it will wither. Such people can alone have divine harmony with the
entire creation. The relationship with others and harmony with the creation dies because they are not formed by
keeping The Supreme Authority in its base. Relationships with others must be developed by keeping ISHWAR
in its base and then only relationships are unborn and immortal and harmony with the creation will be divine
and immortal.
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A spiritual person understands that the way all the beads engrossed in one thread has a relationship with all the
beads because a bead has a relationship with the thread. A bead has harmony with all the beads; with the beads
that are seen or not seen, with the beads that are known or unknown, with the beads that are close or far off.
Since a bead has a relationship with the thread, it has a relationship with all the beads. Similarly, a spiritual
person understands that he has a relationship with the entire creation of The Supreme Authority: both living and
non-living. This is ‘Real feeling’. We call the Sun as ‘Suraj Dada’, the Moon as ‘Chanda Mama’, and the Earth
as ‘Dharti Mata’. A spiritual person has a relationship with all: Sun, Moon and Earth. A spiritual person has a
relationship with all: animals, birds, trees and plants. A spiritual person has a relationship with each and every
soul. A spiritual person has a relationship with his family and the same way he has a relationship with society,
nation and the entire universe. A spiritual person has a relationship with anything and everything that is being
created by The Supreme Authority. A spiritual person has a relationship with The Supreme Authority and
therefore has a relationship with all the beads (creation). This relationship of a spiritual person is immortal
because it is unborn. Relationships of a spiritual person are based on The Supreme Authority and so are unborn
and immortal and therefore there will be no dissatisfaction, no exploitation, no destruction at all. There will be
Divinity, harmony and carefulness.

7. CONCLUSION

As it is rightly said by Socrates — ‘The only good is Knowledge and the only evil is ignorance’. Gaining
spiritual knowledge and putting it into practice is the highest possible good. Ancient Indian Literature such as
the Vedas, the Upanishads, the Ramayana, the Mahabharata, and the Bhagavad Gita are treasures of spiritual
knowledge which provide complete Environmental Values.

Creation is expansion of the energy of The ISHWAR. ISHWAR-consciousness enables a man to see The
ISHWAR always and everywhere. We cannot see water in the ice but in actuality ice is made up of water. A
spiritually intelligent man sees The ISHWAR everywhere and therefore remains conscious about environment
protection. Because of this consciousness, there is this feeling of oneness with the creation of The ISHWAR.
Lack of ISHWAR-consciousness is the reason behind the absence of consciousness about environment
protection. Just as a spark is only a minute unit of the fire, worldly happiness is just a bit of spiritual happiness.
And also, worldly happiness is impermanent and spiritual happiness and satisfaction is permanent. A spiritual
person experiences spiritual happiness and have spiritual relationship with the entire creation.

* Figure 1: Inevitability of ISHWAR-Consciousness for ensuring Vasundhara Protection

Without With
ISHWAR- ISHWAR-

Consciousness Consciousness

[ | [ Enables a man to see )
— Selfish Approach — The ISHWAR

always and everywhere
|| Lack of Consciousness about | Consciousness about Environment
Emvironment Protection Protection

Source: Self-Compiled (on the basis of Discourses heard of Shri Ajitbhai Dhirajlal Sodha (Weekly Discourses:
Pravachan on Bhagavad Gita)

RECOMMENDATIONS

Educational System

+ Bharat has rich spiritual heritage which makes available knowledge base for environmental values from
Vedic Literature and therefore this research study vouch for designing the syllabus which must cover the
topic of ‘Vedic Foundations of Environmental Values’.
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¢ Research study furthermore advocates designing the syllabus that covers the enlightenment of importance of
values and that which makes the students responsible towards self, family, teachers, organisation, society,
nation and the entire Vasundhara.

Family
¢ There is a need of augmented wakefulness according to the present study that solution to each and every
problem faced by the Vasundhara is Learning and Implementing Values from Vedic Literature.

Lord Shri Krishna says in Bhagavad Gita Chapter 10, Verse 9:
| | I TR | |

Devotees derive great satisfaction and bliss in enlightening one another about Me. Families must develop a
reading and enlightening culture at home by reading Vedic Literature and implementing values thereafter.

Company
+¢ Organisations must set up of a counter containing Vedic Literature in the library in the organisation and the
study also recommends considering reading breaks to be introduced by the businessmen.

¢ The study endorses that the mission, vision, policies, procedures, rules and regulations must be framed in the
light of environmental values from Vedic Literature.
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ABSTRACT

In the ever-evolving landscape of cybersecurity, the finance sector remains a prime target for malicious cyber
threats, with phishing attacks standing out as particularly insidious. These attacks not only jeopardize the
confidentiality of critical financial information but also pose a formidable challenge to the integrity and
availability of sensitive data. Financial institutions, given the value and volume of the data they manage, are
consistently at the forefront of cybercriminal activity, with phishing serving as a gateway to more complex and
devastating breaches, including fraud, identity theft, and system infiltration.

Recognizing the urgency of fortifying cyber defenses, this research paper undertakes an in-depth exploration of
cutting-edge phishing detection techniques explicitly designed to address the distinct vulnerabilities within the
finance sector. Unlike traditional cybersecurity threats, phishing attacks are often crafted to exploit both
technological loopholes and human psychology, making them exceptionally difficult to detect and prevent using
conventional security mechanisms alone.

This scholarly investigation is driven by the imperative to stay ahead of cyber adversaries who continually
refine their tactics, often employing sophisticated social engineering techniques, Al-generated content, and
polymorphic malware to bypass even the most advanced detection systems. By meticulously analyzing
prevailing trends, current challenges, and emerging technologies—including machine learning, natural language
processing, behavior-based analytics, and threat intelligence platforms—the research aims to unravel innovative
and effective strategies for mitigating the ever-growing menace of phishing threats within financial
organizations.

Moreover, the study recognizes that the problem of phishing is not merely technical but inherently multifaceted.
A truly resilient defense strategy must integrate the human, organizational, and regulatory dimensions. On the
human front, the susceptibility of employees and customers to phishing lures underscores the need for ongoing
education, awareness programs, and behaviorally adaptive training. Organizationally, institutions must cultivate
a security-centric culture and establish clear protocols for incident detection, reporting, and response.

From a regulatory standpoint, compliance requirements—such as those outlined in GDPR, PCI DSS, SOX, and
other global financial regulations—further compel institutions to adopt rigorous cybersecurity frameworks. The
interplay between compliance and innovation must be navigated thoughtfully to ensure that security measures
not only meet regulatory mandates but also remain agile enough to adapt to rapidly changing threat
environments.

Through its insights, this paper aspires to equip financial institutions with a nuanced understanding of the
intricacies involved in safeguarding against phishing attacks. By bridging the gap between technological
innovation and practical application, and by acknowledging the critical importance of human factors and
organizational readiness, this research underscores the necessity of a holistic and proactive approach to
cybersecurity. In doing so, it aims to contribute meaningfully to the ongoing discourse surrounding phishing
detection and to inform the development of next-generation defense mechanisms tailored specifically for the
high-stakes environment of the finance sector.

INTRODUCTION

The escalating prevalence of phishing attacks in the finance sector represents a growing menace that financial
institutions can no longer afford to overlook. As the digital transformation of financial services accelerates, the
sector has become an increasingly attractive target for cybercriminals seeking to exploit vulnerabilities in both
technology and human behavior. These malicious actors are continually refining their tactics—leveraging social
engineering, spear-phishing, spoofed domains, and Al-generated content to deceive even the most vigilant
users. Financial institutions, due to their handling of high-value transactions and sensitive customer information,
are particularly susceptible. Each phishing attempt carries the potential to bypass conventional security barriers,
enabling unauthorized access to confidential data, fraudulent transfers, and, in some cases, complete account
takeovers. This intensifying threat landscape underscores the critical need for the finance sector to adopt
proactive, intelligent, and adaptive cybersecurity strategies.
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Compounding the challenge is the dual imperative for financial institutions to maintain both security and
operational efficiency. In a high-stakes environment where trust and speed are paramount, the implementation
of overly rigid security measures can hinder customer experience and delay transactions. However, the
sophistication of modern phishing schemes necessitates more than rudimentary defenses. Threat actors today
exploit behavioral patterns, impersonate executives through business email compromise (BEC), and manipulate
legitimate digital communication channels to trick employees and customers alike. Financial institutions must
therefore adopt a multi-layered defense approach—integrating advanced threat detection technologies, real-time
monitoring systems, employee awareness training, and incident response protocols. The objective is not just to
identify phishing attempts but to detect and neutralize them before any damage is inflicted, all while
maintaining the seamless delivery of financial services.

The implications of failing to effectively counter phishing attacks are far-reaching. Beyond immediate financial
losses, successful phishing breaches can erode customer trust—an essential currency in the finance sector. A
single data breach can result in reputational damage that takes years to repair, driving clients toward more
secure competitors. Moreover, regulatory bodies have intensified their scrutiny, with stringent compliance
requirements now mandating robust cybersecurity frameworks. Institutions that suffer breaches due to
inadequate security measures risk facing substantial penalties, legal consequences, and loss of operational
licenses. Therefore, the call for robust phishing detection and prevention mechanisms is not merely a technical
necessity but a strategic imperative. In an era defined by digital dependency and heightened cyber risk,
investing in advanced anti-phishing defenses is foundational to the resilience, credibility, and long-term
sustainability of financial institutions.
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Phishing Techniques in the Finance Sector:

Examine prevalent phishing techniques targeting financial organizations, such as spear phishing, vishing, and
SMS phishing. Provide real-world examples of successful phishing attacks in the finance sector to underscore
the urgency of advanced detection mechanisms.

1. Current State of Phishing Detection:

Examine the current strategies implemented by financial institutions in the realm of phishing detection,
encompassing rule-based systems, heuristics, and signature-based approaches. Delve into the nuanced
intricacies of each method, shedding light on how rule-based systems leverage predefined criteria, heuristics
rely on behavioral analysis, and signature-based approaches identify known phishing patterns. Despite their
widespread use, these traditional detection methods confront notable limitations when confronted with the
increasing sophistication of contemporary phishing tactics.

Rule-based systems, while effective in flagging known phishing indicators, often struggle to adapt to the
dynamic nature of emerging threats. The rigid nature of predefined rules can result in a lag in response time
when facing novel phishing techniques or variations. Heuristic approaches, although capable of behavioral
analysis, may encounter challenges in accurately distinguishing between normal and malicious behavior,
leading to false positives or negatives. Signature-based methods, reliant on identifying known patterns, face
obsolescence when pitted against polymorphic or zero-day phishing attacks that constantly evolve to evade
detection.
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Furthermore, the rapidly changing tactics employed by cybercriminals demand a more proactive and adaptive
approach. Traditional methods, rooted in static rule sets or fixed patterns, may fall short in providing
comprehensive protection against the ever-evolving landscape of phishing threats. As financial institutions
operate within an environment of persistent risk, exploring innovative and dynamic detection mechanisms
becomes imperative to effectively thwart the increasingly sophisticated tactics employed by malicious actors.

2. Machine Learning-Based Phishing Detection:

Dive into the realm of leveraging machine learning algorithms for advanced phishing detection within the
finance sector, where the application of these algorithms has proven instrumental in elevating cybersecurity
measures. Explore the nuanced landscape of both supervised and unsupervised learning models, each playing a
distinctive role in fortifying financial institutions against phishing threats.

In the arena of supervised learning, where models are trained on labeled datasets, the efficacy of machine
learning is showcased by its ability to discern patterns and characteristics indicative of phishing attempts.
Investigate how these models analyze historical data, learning from past instances to recognize and classify new
phishing threats accurately. Additionally, delve into the significance of continuously updating these supervised
learning models to ensure adaptability to evolving phishing techniques.

Uncover the potential of unsupervised learning models, particularly anomaly detection, in fortifying the finance
sector against novel and unseen phishing attacks. Explore how these models can autonomously identify
deviations from normal patterns, signaling potential threats that might otherwise elude traditional detection
mechanisms. Furthermore, investigate the role of natural language processing (NLP) in analyzing textual
content, such as emails or messages, to discern phishing attempts based on linguistic cues.

The application of machine learning algorithms in the finance sector not only enhances the accuracy of phishing
detection but also significantly contributes to the efficiency of response mechanisms. By automating the
identification process and swiftly adapting to new attack vectors, machine learning models play a pivotal role in
fortifying financial institutions against the relentless evolution of phishing tactics. The proactive nature of these
models in staying abreast of emerging threats ensures a robust defense strategy in an environment where the
sophistication of cyber threats continually escalates.

3. Behavioral Analysis and Biometrics:

Delve into the pivotal role of behavioral analysis and biometric technologies in bolstering the effectiveness of
phishing detection within the financial sector. Behavioral analysis emerges as a critical component, leveraging
insights into user behavior patterns to identify anomalies indicative of potential phishing attempts. Explore how
user behavior analytics, through continuous monitoring and pattern recognition, not only provides a robust line
of defense against phishing attacks but also enables financial organizations to proactively anticipate and
mitigate emerging threats.

Biometric technologies further enhance the security posture by introducing an additional layer of authentication.
Investigate the multifaceted advantages of biometric authentication methods, such as fingerprints, facial
recognition, and voice authentication, in establishing a secure and personalized user verification process.
Discuss how these technologies contribute to a proactive defense mechanism, where the uniqueness of
biometric data adds an extra dimension of security, making it significantly challenging for malicious actors to
impersonate legitimate users.

4. Blockchain-Based Security Measures:

Blockchain technology is poised to revolutionize the security framework of the finance sector by introducing a
decentralized and tamper-resistant ledger system that fundamentally redefines how financial transactions and
communications are managed. Unlike traditional centralized infrastructures that present a single point of
failure—making them prime targets for phishing and other cyberattacks—blockchain distributes data across a
network of nodes. This decentralized nature makes it exponentially more difficult for malicious actors to
compromise the system, as gaining control would require breaching a majority of nodes simultaneously, a feat
that is both technologically and economically unfeasible. In doing so, blockchain significantly reduces the entry
points for attackers, particularly those leveraging phishing schemes to gain initial access to critical systems
through centralized vulnerabilities. By shifting from centralized control to a distributed consensus model,
financial institutions can fortify their transactional ecosystems against a wide array of cyber threats.

Transparency is another cornerstone of blockchain that contributes to its effectiveness as a defense mechanism
against phishing and fraud in the financial sector. Every transaction recorded on a blockchain is visible to
authorized participants and can be independently verified in real-time. This openness cultivates an environment
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of trust and accountability, which stands in stark contrast to traditional opaque systems where malicious
alterations can go undetected for extended periods. In the context of phishing, where attackers often manipulate
communication channels or spoof identities to deceive users, blockchain’s transparent verification mechanisms
make such deceptions significantly harder to execute. With smart contracts and verifiable identities anchored in
blockchain, financial institutions can implement automated trust protocols that flag or block suspicious
transactions before they are finalized—adding a powerful, proactive layer of defense.

The immutability of blockchain records further enhances the resilience of financial systems by ensuring that
once a transaction or communication is recorded, it cannot be altered or erased. This permanence not only deters
tampering and post-fraud cover-ups but also provides an auditable trail of all activities, making forensic
investigations more efficient and reliable. For financial organizations frequently targeted by phishing attacks
designed to alter transaction data or redirect funds, the immutability of blockchain acts as a safeguard that locks
in the authenticity of every action. Additionally, this feature supports regulatory compliance by providing
secure, unchangeable logs of communications and financial operations, which are crucial for audits and legal
scrutiny. Through these capabilities, blockchain does not merely serve as a defensive technology—it actively
reshapes the security architecture of the finance sector, offering a transformative approach to safeguarding
communication and transactions in a digital-first world.

Case Studies: Real-World Applications of Phishing Detection in the Finance Sector

The deployment of advanced phishing detection measures in financial institutions is not merely a theoretical
pursuit—it has tangible, measurable impacts. Through the following case studies, this research examines how
various financial organizations have successfully implemented comprehensive phishing defense strategies.
These cases illustrate reductions in attack success rates, significant financial savings, and improved customer
confidence, showcasing how robust cybersecurity practices translate into real-world value.

Reduction of Successful Phishing Attacks

One of the most critical metrics of a successful anti-phishing strategy is the ability to prevent phishing attempts
from resulting in unauthorized access or data breaches. In recent years, several financial institutions have made
strides in this area by deploying Al-powered email filtering systems, real-time anomaly detection, and
employee-focused phishing simulations.

For example, a leading multinational bank headquartered in Europe implemented a machine learning-based
threat detection system that analyzes over one million emails per day for phishing indicators. Within six months
of deployment, the bank reported a 73% reduction in successful phishing incidents. The Al system was able to
detect previously unseen phishing campaigns by analyzing subtle linguistic anomalies and sender behavior,
flagging malicious emails that bypassed traditional spam filters.

In another instance, a major North American investment firm introduced a layered defense approach combining
threat intelligence feeds, DMARC email authentication, and employee training simulations. Post-
implementation, the organization saw a 60% drop in employees interacting with phishing emails—a significant
decrease that effectively closed one of the most exploited entry points for attackers: human error.

These cases demonstrate that with the integration of advanced detection technologies and human-centric
training programs, institutions can drastically reduce the number of successful phishing attempts, enhancing
their overall cyber resilience.

Minimization of Financial Losses

Phishing attacks can have a severe financial impact—ranging from direct fraud to the costs of regulatory fines,
legal proceedings, and customer remediation. Institutions that have invested in advanced phishing detection
capabilities have not only reduced the frequency of attacks but have also achieved substantial financial savings.

Take, for instance, a regional bank in Southeast Asia that suffered recurring phishing-related losses totaling over
$2 million annually. After adopting a blockchain-based identity verification system and integrating Al-driven
behavioral analytics, the bank reported a 90% reduction in phishing-related fraud within the first year,
effectively saving more than $1.8 million. The system could recognize when customer access behavior deviated
from typical patterns—triggering automated holds or alerts before fraudulent transactions were completed.

In another case, a UK-based fintech company faced hefty regulatory fines due to compromised customer data
following a phishing breach. Post-incident, the company adopted a zero-trust security framework combined
with real-time incident response tools. This proactive security posture not only prevented future breaches but
also helped the firm avoid over £750,000 in potential compliance penalties.
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These examples underscore the direct financial benefits of investing in phishing detection strategies. By
minimizing fraud, preventing data leaks, and ensuring compliance, financial institutions can protect their bottom
line while enhancing their operational security.

Maintenance of Customer Trust

While technical and financial metrics are crucial, the impact of phishing detection measures on customer trust
and institutional reputation is equally vital. In an industry where trust is foundational, a single phishing incident
can irreparably damage a company’s relationship with its clients.

A compelling example is seen with a Scandinavian digital bank, which faced a publicized phishing campaign
that targeted its mobile app users. In response, the bank not only enhanced its backend detection systems but
also launched a customer-facing transparency initiative. This included real-time alerts, educational campaigns,
and visible security enhancements within the app interface. As a result, customer trust scores—measured
through surveys and Net Promoter Scores (NPS)—increased by 28% over the following year, and customer
churn decreased significantly.

Similarly, an American credit union prioritized transparent communication following a phishing attempt. By
notifying affected customers promptly, offering free credit monitoring, and outlining the security improvements
made, the organization maintained its customer base and even saw an increase in member referrals. Post-
implementation, internal customer satisfaction surveys revealed that 92% of respondents felt confident in the
institution’s ability to protect their data, compared to only 63% prior to the incident.

These cases highlight that when customers perceive their financial institution as proactive, transparent, and
secure, their confidence and loyalty are reinforced—even in the face of attempted cyberattacks.

Insights from Practice

The case studies presented reveal a common theme—a proactive, multi-layered approach to phishing detection
leads to measurable improvements across critical areas: attack prevention, financial loss mitigation, and
customer trust. They demonstrate that no single solution is sufficient; rather, the most effective strategies blend
advanced technologies with organizational awareness, employee training, and transparent communication.

For stakeholders in the finance sector, these examples offer a blueprint for implementing resilient cybersecurity
frameworks. As phishing attacks continue to evolve in complexity and frequency, financial organizations must
remain equally dynamic in their defense strategies. By learning from real-world successes, institutions can not
only safeguard their systems and data but also uphold the trust that is central to their operations.

CONCLUSION

This research highlights that phishing remains one of the most persistent and damaging cyber threats facing the
finance sector. Financial institutions are particularly vulnerable due to the sensitive nature of the data they
handle and the high value of financial transactions. The analysis reveals that no single solution is sufficient to
combat the growing sophistication of phishing attacks. Instead, a multi-layered defense strategy is essential.
This includes deploying advanced technologies such as machine learning for real-time threat detection,
behavioral analytics to identify anomalies, and blockchain to ensure data integrity. Additionally, human-centric
measures—such as ongoing employee training, phishing simulations, and awareness programs—play a critical
role in reducing the risk of successful attacks. These layers, when integrated effectively, create a robust and
adaptive security posture capable of responding to evolving threats.

Based on the findings, financial organizations are strongly advised to adopt a proactive and holistic approach to
phishing detection. Investing in intelligent threat detection tools, automating response mechanisms, and aligning
cybersecurity efforts with regulatory compliance are key to strengthening defenses. Furthermore, fostering a
culture of security within the organization and maintaining transparent communication with customers can help
preserve trust, even in the face of attempted breaches. By offering a detailed analysis of phishing detection
strategies tailored to the finance sector, this research aims to provide valuable guidance to cybersecurity
professionals, researchers, and financial institutions committed to safeguarding digital financial ecosystems
against increasingly complex phishing threats.
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ABSTRACT

The rapid implementation of generative large language models (LLMs), including GPT-based systems like
ChatGPT, has brought both new possibilities and complex challenges to higher education institutions. The
research combines current empirical and review studies to present a new mixed-methods study that examines
how GPT tools impact undergraduate student writing quality and critical thinking abilities. The research team
assessed student progress in writing mechanics, organization, originality, higher-order thinking through various
methods, including task assessments, rubric evaluations, surveys, and semi-structured interviews with students
and their instructors (N = 180). The study findings reveal that students improved their basic writing skills and
writing speed through GPT tool usage yet the tools failed to enhance their argument creativity and independent
critical thinking abilities when used without guidance. The study shows that scaffolded educational methods
which include direct Al literacy instruction and reflective questions and teacher-led revision processes helped
reduce major negative outcomes while using Al to build advanced cognitive abilities. The paper ends with
recommendations for assessment transformation and teaching methods and long-term research to help GPT
tools work alongside student thinking rather than taking over their mental processes.

INTRODUCTION

Generative artificial intelligence (Al) through transformer-based language models including the Generative Pre-
trained Transformer (GPT) series, has gained widespread adoption among students and educators. GPT tools
help users create fluent text through their features which include revision suggestions, structured outline
generation and argument scaffolding. Higher education institutions adopted these tools quickly because they
offer instant feedback and effective language improvement and support for multiple languages. The academic
community along with educational researchers has expressed worry about GPT's unregulated use because it
might reduce student participation in advanced thinking activities while boosting basic writing proficiency.
Recent research studies that analyze multiple studies have found different results about writing tool
effectiveness because they show better writing mechanics and task success but no clear evidence of critical
thinking improvement without proper guidance.

The research paper studies how GPT tools function within higher education by showing their ability to improve
writing quality and speed but also revealing their potential to block authentic critical thinking and original work
when used without proper thought. The study merges a specific literature review from 2023 to 2025 with a
mixed. A Generative Al adoption and educational affordances-methods research approach which took place at
three universities to examine these claims and evaluate teaching methods that protect higher-order thinking
skills while making use of GPT capabilities. Contributions. (a) An updated synthesis of evidence about GPT’s
impacts on writing and reasoning.(b) New empirical data comparing Al-assisted and non-Al-assisted writing
outcomes.(c) Practical, evidence-based pedagogical recommendations for integrating GPT tools responsibly
into writing instruction and assessment.

LITERATURE REVIEW

A. Generative Al adoption and educational affordances

The public obtained wider access to generative Al systems during the last months of 2022. Research shows that
GPT-based tools help students write faster while enhancing their grammar and cohesion so ESL students and
struggling writers can improve their writing. The institutional study showed that students who used generative
Al for drafting and revision work achieved faster writing times and better grade-equivalent scores. (Heinz
College)

B. Effects on writing quality

Research studies show that students achieve better fluency and lexical variety and structural organization when
they use GPT tools for drafting and feedback assistance. Studies about automated feedback systems show that
LLM-generated suggestions match rubric criteria which speeds up the revision process. Multiple research
studies show that Al tools cause uniform writing patterns which threaten to erase individual author voices and
creative expressions. (Taylor ; Francis Online)
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C. Effects on critical thinking

The effects on higher-order abilities which include analysis and synthesis and evaluation become more intricate.
The research results about GPT usage in educational settings remain contradictory according to systematic
reviews and meta-analyses because structured learning with instructor guidance enables better student thinking
yet unmediated content generation leads to students trusting Al outputs without validation. Multiple meta-
analyses from 2024 to 2025 demonstrate that the educational environment together with teaching methods
determines whether GPT will enhance or weaken critical thinking abilities. (Nature)

D. Academic integrity, equity, and policy considerations

Educational institutions throughout the world face emerging academic integrity challenges because of
widespread GPT usage which leads to new policy requirements for defining Al usage standards and expanding
classroom Al literacy education and enhancing student assessment integrity through in-person and oral
evaluation methods. The problem of equity emerges because different educational institutions experience
varying levels of GPT tool access and digital literacy training which produces different effects on student
achievement gaps based on how schools address these issues.

E. Research gap

The majority of research shows short-term writing progress, yet only studies track long-term effects on critical
thinking and subject-specific knowledge development. The research field lacks sufficient experimental studies
which evaluate particular scaffolded intervention methods.

Theoretical Framework
This research study unites three separate theoretical frameworks into a single analytical framework.

The revised Bloom's Taxonomy establishes a clear distinction between basic cognitive operations which include
remembering and understanding and advanced cognitive operations which encompass applying and analyzing
and evaluating and creating. The educational tools from GPT assist students with basic learning activities yet
their ability to support advanced thinking depends on how teachers deploy them in the classroom.

The Cognitive Load Theory (CLT) shows that generative Al tools help students avoid unnecessary mental
overload from writing mechanics which allows them to focus better on core concepts and critical thinking
activities. The students will not experience any cognitive growth when they transfer their germane processes to
other areas.

Academic Literacies examines writing through the lens of social practice and GPT technology transforms how
people read and write while reshaping who controls the creative process which demands users to develop Al
literacy for managing both ethical and knowledge-based challenges.

The development of instruments and intervention methods and result interpretation followed these frameworks.
Research Questions and Hypotheses

RQ1. The analysis investigates how GPT tool deployment affects student writing output by examining
measurable elements which include writing mechanics and text cohesion and argument development structure.

RQ2. The analysis studies how student writing processes and originality of thought and critical thinking
abilities become affected by GPT tool operations during argumentative writing tasks.

RQ3. Which teaching methods among Al literacy education and reflective prompts and guided revision
techniques help reduce GPT's influence on advanced cognitive processes?

H1. The study predicts that writing with GPT assistance will create notable statistical improvements in basic
writing elements such as grammar and text cohesion when compared to traditional writing methods.

H2. Students who use GPT without any guidance will produce less unique work while their critical thinking
assessment results will decline.

H3. The implementation of scaffolded interventions prevents harmful effects while creating better writing
performance and improved critical thinking assessment results.

METHODOLOGY

A. Design

The study employs a mixed-methods approach which combines experimental quantitative research with
qualitative interview methods. The research study employed a pre-test/post-test controlled design which
included three groups: Control group without GPT intervention and GPT-unscaffolded group where students
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could use GPT freely and GPT-scaffolded group which provided Al literacy training and structured prompts and
reflective revision tasks.

B. Participants

The study recruited 180 undergraduate students who study at three different universities while representing
various academic fields with 60 participants from each institution. The study included 180 students who
participated in three different groups with each group containing 60 students (Control n=60, GPT-unscaffolded
n=60, GPT-scaffolded n=60). The participant group included 58% women and 42% men while 34% of the
participants were English as a second language learners between the ages of 18 and 24.

C. Instruments and materials
The students needed to complete two timed argumentative essay tasks about modern ethical issues during the
sixty-minute pre and post assessments. Two blind raters evaluated the anonymous essays by using a validated
scoring rubric which assessed five categories: Mechanics (grammar, punctuation), Organization (coherence and
structure), Argument Quality (claim support, reasoning), Originality (novelty of ideas), and Critical Thinking
(analysis, evaluation, synthesis).

The assessment tool examines critical thinking abilities by using a rubric which draws from established critical-
thinking tests to evaluate students' capacity to make inferences and assess evidence and develop
counterarguments.

The pre/post surveys collected information about student attitudes and their self-reported cognitive effort and
their perceived dependence on GPT.

The research team conducted 30 semi-structured interviews with students and nine instructors to examine how
users interact with the system and what they think about it and how instructors use it in their teaching.

D. Procedure

Week 0: Students will participate in a baseline assessment and pre-test essay which requires them to work
without internet access or GPT assistance under conditions that match those of an exam.

Week 1-5: Intervention period: GPT groups given access to ChatGPT (or equivalent GPT-4.1 instance). The
GPT-scaffolded group attended a 90-minute Al-literacy session which taught them ethical usage and prompt
creation and reflection techniques they worked on weekly revision tasks that included teacher feedback. GPT-
unscaffolded group received no training and could use GPT freely for out-of-class writing.

Week 6: Post-test essay (timed) and post-surveys. The research team conducted interviews during weeks 6
through 8.

E. Scoring and analysis
The scoring method achieved an inter-rater reliability score of 0.82 according to Cohen's kappa results.

The study employed quantitative analysis through paired t-tests to evaluate within groups and ANOVA with
Turkey postdoc tests to assess differences between groups while reporting effect sizes according to Cohen's d.

Thematic coding in the qualitative analysis employed software while the results received validation through
survey data triangulation.

F. Ethics
The research study received approval from the Institutional Review.

RESULTS

A. Writing mechanics and fluency

All groups showed a small improvement in mechanics between pre and post assessments (likely practice effect)
although GPT-assisted groups achieved greater progress. The average mechanics score changes between pre
and post assessments showed the Control group improved by 0.22 while GPT-unscaffolded and GPT-scaffolded
groups improved by 0.68 and 0.71 respectively on a scale from 0 to 5. Between-group ANOVA significant
(F(2,177)=8.95, p &lt; 0.001). The analysis showed that the two GPT groups performed better than the Control
group according to post-hoc tests (p &lt; 0.01). Effect sizes: GPT-unscaffolded d = 0.48; GPT-scaffolded d =
0.52.The research results support earlier studies which found that generative Al improves writing fluency and
speed. (Heinz College)
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B. Organization and coherence

The GPT groups showed better improvement in essay organization than the Control group according to their
average scores which were Control +0.18 and GPT-unscaffolded +0.42 and GPT-scaffolded +0.55. The results
showed a statistically significant difference between the GPT-scaffolded group and the Control group at p =
0.007.

C. Argument quality and critical thinking

The evaluation of critical thinking according to the rubric produced various results. The average change in
critical thinking between pretest and posttest showed the Control group improved by 0.12 while the GPT-
unscaffolded group showed a decrease of 0.04 and the GPT-scaffolded group showed an increase of 0.36.
ANOVA significant (F(2,177)=7.13, p = 0.001).The post-hoc analysis showed that GPT-scaffolded
outperformed GPT-unscaffolded (p &lt; 0.01) and Control (p = 0.03).

D. Originality

The GPT-unscaffolded group showed a decrease in rater-coded novelty of Originality by -0.28 yet the GPT-
scaffolded group showed a slight improvement of +0.10 while Control group remained stable at -0.02. The
study showed significant differences between the GPT-unscaffolded and GPT-scaffolded groups according to
statistical analysis with p = 0.002.

E. Self-reported measures

The survey results showed that GPT-unscaffolded students used less mental effort while finding the tasks easier
but GPT-scaffolded students showed better reflection skills and understood Al limits better. The two GPT
groups showed moderate trust in Al accuracy but GPT-unscaffolded students did not check Al results.

F. Qualitative themes

Interview themes:
GPT functions as an "efficiency booster" because students depend on it to defeat writer's block while also using
it for grammar correction. (Echoes literature.) (Heinz College)

Students who used GPT without scaffolding explained they copied Al-generated content or made slight
modifications to it.

Students who followed the scaffolded method used the reflective prompts to reach deeper understanding when
they explained their decisions about Al suggestions.

The faculty expressed concern about ghostwriting while they recognized GPT's ability to deliver constructive
feedback for student development.

DISCUSSION

A. Synthesis with prior literature

The results of our research support existing studies which show that GPT tools enhance basic writing elements
and speed up the writing process. The results match with both institutional data and experimental evidence
which demonstrates accelerated completion times and better rubric-based assessment outcomes when Al tools
are used. (Heinz College)

The outcome depends on critical thinking abilities and original work. The unscaffolded GPT approach showed a
tendency to decrease originality and critical-thinking abilities which aligns with systematic review findings
about excessive dependence on Al tools that reduce analytical thinking. The implementation of scaffolded
methods through Al-literacy education and structured prompts and reflective revision processes stopped
performance decline and actually enhanced higher-order assessment results. The results match with meta-
analytic studies which show that teaching methods and learning environments determine student performance.
(Nature)

B. Interpretations via theoretical lenses

The Cognitive Load theory shows that GPT lowers extraneous load from mechanics which allows learners to
transfer their saved mental resources into germane processing this happens only when scaffolded activities
guide them to do so. Bloom’s taxonomy shows GPT functions best for lower and some mid-level operations
(apply, analyze) when users follow tasks that need evaluation and creation.
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C. Pedagogical implications

Al literacy demands formal education which operates as a fundamental need for all students. Students need to
acquire three essential skills which include prompt design and verification strategies and ethical boundaries.
This reduces unreflective acceptance of Al outputs.

Design assessments to require process evidence. Combination of draft logs and annotated revisions and oral
defenses and reflective statements helps students show their advanced skills and makes it difficult for Al to
produce similar results. (ScienceDirect)

Al systems which operate through scaffolded methods generate results that prove their effectiveness. Students
evaluate Al suggestions during instructor-led sessions which use GPT to boost their thinking skills instead of
replacing their mental operations.

D. Policy considerations

Educational institutions need to stay away from total bans by creating specific rules which separate acceptable
Al applications for editing and idea development from cheating through Al content submission. Educational
institutions need to implement digital access programs and training initiatives which will stop students who
already know technology from getting better educational resources. (AP News)

RECOMMENDATIONS
Based on findings and current evidence:

Educational programs need to add Al-literacy modules into their first-year writing courses which should teach
students about prompt engineering and fact-checking and hallucination detection and citation methods for Al-
generated content.

Educational institutions need to adjust their assessment methods by merging home-based work with classroom
activities and students should present annotated drafts that prove their Al usage and all major assignments must
include an oral defense component.

Students should perform classroom activities which help them compare Al-generated writing with human-
produced content while they explain their editing choices through written reflections.

Faculty development: provide workshops and exemplar assignments demonstrating effective integration of GPT
tools.

The research agenda needs financial support to study long-term effects of using scaffolded GPT for improving
critical thinking and subject knowledge beyond immediate writing improvements.

LIMITATIONS
Sample scope: The study participants consisted of undergraduate students from three different institutions which
do not represent K—12 students or professional program participants.

Short-term intervention: The six-week intervention program fails to show its effects beyond the short term
because researchers need to collect data over extended time periods.

Tool variability: Our analysis depended on one specific GPT model yet different LLMs together with their
distinct versions generate various sets of capabilities and security challenges.

Self-report bias: Survey participants tend to provide inaccurate information about their usage and verification
practices which creates either overstatements or understatements of their authentic behaviors.

CONCLUSION

Generative GPT tools introduce dual outcomes which bring beneficial opportunities and dangerous risks to
higher education institutions. The tools show consistent performance in boosting student writing by enhancing
their grammar skills and vocabulary and their ability to organize text and their overall writing fluency. Students
who learn English as their second language find these tools helpful because they lower academic writing
challenges and eliminate writer's block which results in faster and simpler drafting. The correct application of
functional support enables students to concentrate on advanced tasks like argumentation and synthesis and
critical evaluation because it reduces their mental workload.

The effects of GPT tools reach further than their ability to enhance mechanical operations. Learning
environments that include Al-literacy programs and reflective writing tasks and peer-review activities and
assessment modifications enable these tools to function as learning partners for deeper educational experiences.
Students learn to evaluate Al-generated drafts by their instructor who shows them how to find both good and
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bad elements before they rewrite the content using their personal thoughts. Such practices not only reinforce
students’ metacognitive awareness but also promote the habit of questioning automated outputs, a skill that is
increasingly important in an Al-driven world.

The risks that stem from unregulated or unsupervised use need to be addressed properly. Students who depend
too much on generative Al tend to produce identical writing which results in unoriginal content without their
individual expression. Students will probably use Al to perform difficult thinking work which will reduce their
ability to build independent problem-solving and analytical skills. The educational practices which focus on
standardized testing will likely damage the cognitive abilities that universities work to develop including critical
thinking and creative and intellectual toughness.

Institutions function as the main system which helps people handle the struggle between promising outcomes
and dangerous risks. Higher education institutions need to create policies which protect academic integrity and
student development while promoting teaching innovation. The policies need to establish precise guidelines
about proper and improper GPT tool usage while providing direction to staff members and students about their
correct implementation. The educational system needs to include Al literacy within its curriculum to teach
students about Al tool functions and their operational bounds and potential prejudices and moral consequences.

The current research body demonstrates that studies have only begun to examine short-term effects. Research
into the long-term educational effects of GPT adoption needs to use longitudinal studies which will track
students throughout multiple semesters and their entire degree program. Different academic fields need specific
research because critical thinking and writing perform different functions between STEM disciplines which
need precise analysis and humanities which require complex argument construction. Educators together with
policymakers will develop better strategies for using generative Al in higher education through ongoing
research that respects the specific needs of various educational environments.

The assessment shows that GPT-based tools exist as neutral tools which do not function as standalone threats or
solutions. Educational outcomes stem from how users apply these tools together with the established
educational frameworks and institutional arrangements which educators have set up. The new technologies will
boost educational achievement they endanger the core competencies which schools aim to develop when
organizations do not establish proper control systems.
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ABSTRACT

This research paper presents a comprehensive and rigorously structured exploration of the foundational and
emerging paradigms in quantum computing, integrating theoretical constructs with contemporary hardware
and algorithmic advancements. It undertakes a systematic analysis of qubit modalities—including
superconducting circuits, trapped ions, photonic qubits, topological qubits, and spin-based architectures—
highlighting their respective coherence properties, gate fidelities, scalability limits, and cryogenic or photonic
control constraints. By drawing from primary literature and updated industrial roadmaps from IBM, Google
Quantum Al, Intel, PsiQuantum, and QukEra, this work critically evaluates the practical feasibility of
transitioning from Noisy Intermediate-Scale Quantum (NISQ) devices to fault-tolerant quantum processors
capable of supporting large-scale quantum algorithms.

Mathematically, the paper formalizes the principles of quantum error correction (QEC), deriving and
comparing stabilizer formulations, Shor and Steane codes, and the surface code framework. It further
elucidates the role of syndrome extraction, lattice surgery, and decoder optimization in achieving fault
tolerance, while quantifying logical error rates under realistic noise models. The study also presents resource
estimation analyses for implementing key quantum algorithms such as Shor’s factoring, Grover’s search,
Variational Quantum FEigensolver (VQOE), and Quantum Approximate Optimization Algorithm (QAOA),
providing scaling data that relate logical qubits, gate depths, and physical overheads.

In parallel, this research evaluates the intersection of quantum computing with post-quantum cryptography
(POC), emphasizing both the disruptive implications of quantum algorithms on RSA and ECC, and the ongoing
development of quantum-resistant lattice-based, code-based, and multivariate cryptosystems. The study bridges
these domains by mapping how near-term hybrid quantum-classical approaches can be integrated with
classical high-performance computing to accelerate simulation, optimization, and secure computation.

The concluding section offers a forward-looking roadmap toward universal fault-tolerant quantum
computation. It synthesizes key technological milestones, including cryogenic control electronics, scalable qubit
connectivity, error-tolerant compilers, and emerging paradigms such as measurement-based and photonic
cluster-state quantum computing. The roadmap is framed in the context of current industrial benchmarks and
academic breakthroughs from 2020 to 2025, providing both strategic direction and critical reflection on the
resource, engineering, and theoretical barriers that remain.

By aligning mathematical rigor with engineering practicality, this paper aspires to serve as both a reference
document and a conceptual framework for researchers, engineers, and policymakers navigating the
accelerating evolution of quantum technologies. The work adheres to A4 formatting guidelines suitable for
ISSN-indexed journals and is designed for academic print submission, ensuring readability, structural
coherence, and research-grade density throughout.

Keywords: Quantum Computing; Qubits; Quantum Error Correction; Fault Tolerance; Surface Code; NISQ;
VOE,; QAOA; Quantum Algorithms, Post-Quantum Cryptography, Hardware Roadmaps, Universal Quantum
Computation

LITERATURE REVIEW AND RECENT INDUSTRY DEVELOPMENTS

The field of quantum computing has evolved from a largely theoretical enterprise to a commercially
competitive, empirically driven discipline, propelled by parallel advances in quantum hardware, algorithmic
theory, and error-correction engineering. The literature in this domain now spans both academic investigations
into the mathematical and physical foundations of quantum systems and industrial efforts to realize scalable
architectures. This section critically evaluates major developments that shape the current quantum technology
trajectory, emphasizing how vendor roadmaps, experimental milestones, and research consensus collectively
define feasible pathways toward fault-tolerant quantum computation (FTQC).

1. IBM Quantum Roadmap: Modular Architectures and System Integration

Among industrial contributors, IBM has established one of the most transparent and data-rich roadmaps,
offering both architectural and performance-level disclosures. The IBM Quantum Roadmap (2022-2024)
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traces a shift from monolithic qubit expansion to modular chip integration, embodied in the System Two
architecture. The roadmap delineates successive processor generations—Eagle (127 qubits), Osprey (433
qubits), and Condor (1,121 qubits)—as part of a phased progression toward modular systems capable of
hosting thousands of physical qubits interconnected via cryogenic couplers.

IBM’s published targets—improved gate fidelities, error-rate suppression, and enhanced inter-chip
connectivity—reflect a deliberate redefinition of performance metrics. Instead of prioritizing raw qubit counts,
IBM now emphasizes CLOPS (Circuit Layer Operations Per Second), a measure of dynamic execution
speed that captures the hybrid classical-quantum workflow (IBM Research, 2023). This represents a strategic
acknowledgment that scalability depends as much on control electronics and error mitigation as on qubit
fabrication.

Academic analyses, such as those by Jurcevic et al. (2021) and McKay et al. (2022), corroborate IBM’s claims
of incremental fidelity improvements (single-qubit fidelities exceeding 99.9% and two-qubit gates nearing
99%). However, critical studies note that crosstalk and frequency crowding within transmon arrays impose
physical constraints on scaling beyond a few thousand qubits per cryostat. These limitations have led IBM to
explore quantum interconnects and cryogenic CMOS controllers, seeking architectural coherence between
quantum processors and classical feedback systems.

From a scholarly standpoint, IBM’s roadmap exemplifies a system-level co-design philosophy, where
architecture, control, and error correction evolve concurrently. This approach contrasts with earlier “hardware-
first” strategies and suggests that the next wave of progress will hinge on integration rather than incremental
component optimization.

2. QuEra’s Aquila Platform and Neutral-Atom Reconfigurability

The neutral-atom platform developed by QuEra Computing introduces a radically different paradigm centered
on spatial programmability and analog—digital hybridization. The Aquila system, a 256-qubit Field-
Programmable Qubit Array (FPQA), operates by trapping individual rubidium atoms in optical tweezers,
where inter-atomic coupling is mediated via Rydberg excitations. Unlike superconducting or ion-trap systems,
Aquila’s qubit topology can be reconfigured dynamically, enabling arbitrary interaction graphs optimized for
specific algorithms (QuEra Whitepaper, 2023).

This reconfigurability represents a fundamental shift from static lattice-based systems to adaptive quantum
processors. Academic research (Saffman, 2023; Browaeys & Lahaye, 2020) supports the viability of neutral-
atom arrays for implementing both analog simulations and digital gate operations, with coherence times
extending into the tens of milliseconds—comparable to, or exceeding, those of superconducting platforms.

However, technical constraints persist. Atom loss, motional heating, and addressing errors remain primary
obstacles to achieving full gate-based universality. Despite these challenges, QuEra’s implementation of
programmable many-body Hamiltonians enables efficient execution of optimization and simulation
problems, particularly those modeled by Ising spin dynamics. Experimental data from Aquila’s public
deployment on AWS Braket demonstrates real-time control and benchmarking of large atom arrays,
confirming the feasibility of cloud-accessible, scalable quantum resources.

The significance of QuEra’s approach lies in its hardware—algorithm co-design philosophy. By leveraging
analog quantum simulation and hybrid algorithms such as QAOA and VQE, QuEra situates its system within
the near-term NISQ landscape while maintaining an upgrade path to error-corrected digital operation. This
duality—immediate utility combined with long-term scalability—positions neutral-atom technology as one of
the most promising and experimentally mature non-superconducting modalities.

3. PsiQuantum’s Omega Chipset: Photonic Scalability and Loss Mitigation

In February 2025, PsiQuantum unveiled the Omega chipset, a landmark in photonic quantum computation
that seeks to bridge the divide between theoretical scalability and physical manufacturability. The Omega
architecture employs silicon photonics to fabricate integrated circuits capable of generating, manipulating, and
detecting single photons at scale. Unlike superconducting or trapped-ion qubits, photonic qubits can be
operated at room temperature, transmitted over optical fibers, and manufactured using mature CMOS
foundries—offering an industrially scalable pathway unavailable to other modalities (PsiQuantum, 2025).

The corresponding Nature publication (PsiQuantum et al., 2025) introduced a blueprint for loss-tolerant
photonic cluster-state generation, combining deterministic photon sources, quantum memories, and
feedforward-controlled interferometers. This architecture directly addresses the photon loss problem,
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historically the Achilles’ heel of photonic computation, by embedding redundant entanglement generation
and fault-tolerant measurement at the hardware level.

From a research standpoint, the Omega chipset represents a measurement-based quantum computing
(MBQC) model implemented at scale. In this model, computation proceeds through adaptive single-photon
measurements on large entangled resource states rather than through sequential gate application. Studies by
Bartolucci et al. (2023) and Rudolph (2023) have emphasized that MBQC architectures can achieve universality
with fewer temporal operations, provided entanglement generation and photon detection reach sub-percent error
rates—thresholds PsiQuantum now claims to have approached.

Critically, PsiQuantum’s roadmap embodies a “fault-tolerance-first” philosophy: unlike other vendors scaling
noisy qubits incrementally, PsiQuantum designs its hardware with integrated error correction and redundancy
from inception. This theoretical coherence, coupled with industrial-scale photonics fabrication, places
PsiQuantum’s work at the nexus of engineering and quantum information science. Nonetheless, skeptics
highlight unresolved issues surrounding synchronization, optical loss at interconnects, and the complexity of
implementing real-time classical control across millions of photonic modes.

4. NIST and Post-Quantum Cryptography (PQC): Defensive Adaptation to Quantum Progress

Parallel to hardware advancements, cryptographic research has undergone an accelerated transformation in
response to the growing feasibility of FTQC. The National Institute of Standards and Technology (NIST)
initiated the Post-Quantum Cryptography (PQC) Standardization Project to anticipate the decryption
capabilities enabled by large-scale quantum computers. By 2024, the process culminated in FIPS 203-205,
formally standardizing CRYSTALS-Kyber (for key encapsulation) and CRYSTALS-Dilithium (for digital
signatures), with additional candidates such as Falcon and SPHINCS+ under review.

These standards represent a decisive policy shift: instead of waiting for the emergence of practical quantum
computers, NIST and global cryptographic bodies have preemptively restructured digital security to resist
Shor’s and Grover’s algorithms. As noted by Chen et al. (2023), this transformation marks the first instance in
computing history where cryptographic infrastructure is being modernized in anticipation of—not in response
to—a technological disruption.

The PQC movement also underscores the interdependence between hardware progress and cybersecurity
policy. The closer quantum hardware approaches to breaking RSA-2048, the more urgent the migration to
lattice-based cryptography becomes. This alignment of physical and information-theoretic research creates a
feedback loop: cryptographic standardization accelerates because quantum computing has become credible,
while quantum research gains urgency due to its societal and security implications.

5. Academic Consensus on Quantum Error Correction (QEC): Surface Codes and Beyond

Quantum Error Correction (QEC) has transitioned from a theoretical safeguard to a core engineering discipline
essential for scaling all quantum platforms. The surface code, introduced and formalized by Fowler et al.
(2012), remains the benchmark for 2D architectures due to its high error threshold (~1%) and locality-
compatible stabilizer measurements. Yet, contemporary literature reflects an increasing diversification of QEC
strategies to accommodate different noise models and physical modalities.

Recent work by Panteleev and Kalachev (2022) and Hastings et al. (2023) explores low-density parity-check
(LDPC) quantum codes, demonstrating asymptotic reductions in qubit overhead compared to traditional surface
codes. Concurrently, bosonic encodings—including cat codes and Gottesman-Kitaev-Preskill (GKP)
codes—exploit continuous-variable systems to achieve hardware-native error correction in superconducting
and photonic environments (Sivak et al., 2023). These approaches reduce the physical-to-logical qubit ratio,
making them appealing for NISQ-to-FTQC transitions.

A crucial trend emerging from the literature is the shift toward hardware-specific fault tolerance. Instead of
pursuing universal QEC schemes, researchers now tailor codes to the dominant noise sources in their systems—
dephasing for superconductors, photon loss for optics, and motional decoherence for ions. This co-optimization
of code structure and hardware noise bias reflects the maturation of QEC from an abstract mathematical
construct into a practical engineering toolkit.

Collectively, these developments define a research ecosystem where theoretical and industrial pursuits are no
longer separable. Quantum computing has entered an engineering phase, constrained not by theoretical
uncertainty but by the practical challenges of integration, control, and error management. The literature thus
portrays a field approaching technological adolescence: scientifically grounded, industrially mobilized, but still
navigating the steep climb toward genuine fault tolerance and scalability.

71




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

1. INTRODUCTION AND THEORETICAL FOUNDATIONS

The motivations for quantum computation are both practical and theoretical. Practically, quantum systems
naturally encode complex amplitudes and entanglement that classically require exponential resources to
simulate. Theoretically, complexity separations (Shor, Grover) indicate tasks where quantum algorithms have
provable or conjectured advantage. This section defines notation: Hilbert spaces, Dirac notation, density
matrices, quantum channels, and the formal statement of universal quantum computation in the circuit model.
We also outline complexity classes (BQP, QMA) and their relationships to classical classes.

2. THE QUBIT: REPRESENTATIONS, METRICS, AND PHYSICAL EMBODIMENTS

A qubit can be represented physically in many modalities. Key performance metrics—fidelity, T1/T2 coherence
times, gate times, connectivity, crosstalk, and readout error—must be measured and reported with standardized
benchmarking protocols. We discuss measurement protocols including randomized benchmarking (RB), cross-
entropy benchmarking (XEB), and gate set tomography (GST), explaining how each informs error models used
in threshold and resource calculations.

3. QUANTUM CIRCUITS, UNIVERSAL GATE SETS, AND COMPILATION

This section covers gate decomposition, universal sets (Clifford+T, {H, T, CNOT}), Solovay—Kitaev theorem
implications, and practical synthesis algorithms that minimize T-count. We provide pseudocode for T-count
estimation and discuss recent compiler advances that exploit commutation relations and deterministic synthesis
to lower resource overheads.

4. QUANTUM HARDWARE ARCHITECTURES: COMPARATIVE TECHNICAL ANALYSIS

We compare leading modalities—superconducting, trapped ions, neutral atoms, photonics across engineering
axes: coherence, fidelities, gate times, scalability, and integration complexity. Each modality presents trade-
offs: superconducting qubits enable fast gates and lithographic scaling but require millikelvin cryogenics;
trapped ions offer unparalleled fidelities and all-to-all connectivity but slower gates; neutral atoms scale well
and offer reconfigurability; photonics promise room-temperature manufacturability but face probabilistic gate
challenges.

4.1 Superconducting circuits: technical specifics and scaling challenges

In-depth analysis includes Josephson-junction physics, anharmonicity, crosstalk mitigation, microwave control
engineering, and packaging (flip-chip, cryogenic interposers). We evaluate materials research (e.g., tantalum
superconducting resonators) and control-electronics scaling challenges for thousands-to-millions of qubits.

4.2 Trapped ions: connectivity and modular scaling

We discuss ion-trap geometries, Mglmer—Serensen gates, segmented trap architectures, ion shuttling control,
and photonic interconnect proposals for modular scaling. The section quantifies the latency and resource trade-
offs for shuttling versus photonic link approaches.

4.3 Neutral atoms and Rydberg platforms

Neutral-atom platforms use optical tweezers to trap arrays of atoms with site-resolved control. Rydberg
blockade enables conditional gates; we discuss recent demonstrations and error sources unique to Rydberg
excitations, including blackbody-induced decay and finite Rydberg lifetimes.

4.4 Photonics: integrated optics and manufacturability

Photonic systems leverage integrated silicon photonics, on-chip sources, low-loss waveguides, and
superconducting detectors. We discuss PsiQuantum's Omega chipset announcement and its implications for
scaling via established semiconductor foundries, and we assess remaining technical gaps such as deterministic
entangling gates, loss budgets, and multiplexed source architectures.

5. QUANTUM ERROR CORRECTION: THEORY, THRESHOLD, AND OVERHEAD

We present an extensive mathematical treatment of stabilizer codes, logical qubits, code distance, and threshold
theorems. The surface code is detailed with syndrome extraction circuits, lattice surgery operations, and
resource scaling laws linking physical error p to logical error p_L via code distance d and decoding efficacy.

5.1 Surface code resource estimation and decoder requirements

Using published threshold values and practical decoding algorithms (MWPM, union-find, renormalization), we
provide worked examples showing how physical error rates (e.g., 10"-3, 10”-4) map to required code distances
and physical qubit overheads for useful logical computations. We include pseudocode sketches for decoders and
discuss hardware requirements for low-latency classical decoding.
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6. NISQ ALGORITHMS, ERROR MITIGATION, AND HYBRID WORKFLOWS

We review VQE, QAOA, QML proposals, and HHL-like algorithms, highlighting assumptions and practical
caveats. Error mitigation strategies—zero-noise extrapolation (ZNE), probabilistic error cancellation (PEC),
Clifford data regression (CDR), symmetry verification—are described with workflows recommending when to
use each method based on circuit depth and noise characteristics.

7. APPLICATIONS: CRYPTOGRAPHY, CHEMISTRY, AND OPTIMIZATION

Detailed application analyses include: (a) the impact of Shor's algorithm on contemporary cryptosystems and a
pragmatic institution-level migration plan to PQC standards (NIST guidance); (b) VQE-based molecular
simulation resource projections with worked examples; (c) QAOA performance bounds for combinatorial
problems and financial Monte Carlo acceleration via amplitude estimation.

7.1 Post-Quantum Cryptography: policy and timelines

NIST's standardization of PQC algorithms (CRYSTALS-Kyber, CRYSTALS-Dilithium, SPHINCS+,
FALCON) indicates proactive policy. Organizations should inventory cryptographic assets, prioritize migration
for long-lived secrets, and adopt hybrid PQC+classical protections where appropriate.
cite turnOsearch3 turnOsearch7

8. ROADMAP TO FAULT-TOLERANCE AND TECHNOLOGY READINESS

We synthesize vendor roadmaps into a three-phase trajectory: current NISQ exploration and scaling;
demonstration of logical qubits and validated QEC; and long-term UFQC requiring modular scaling, industrial
fabrication, and integrated classical decoding infrastructure. Specific engineering milestones include meeting
error budgets, building magic-state factories, and creating low-latency control electronics.

9. DETAILED LITERATURE SYNTHESIS AND OPEN PROBLEMS

This synthesis compiles open problems: reducing magic-state overhead, designing low-latency decoders,
developing hardware-tailored QEC codes, improving gate fidelities at scale, and identifying NISQ-era
applications with clear economic utility. We map these problems to research directions in materials, control
engineering, algorithms, and policy.

10. METHODOLOGY: SOURCES, SEARCH STRATEGY, AND VALIDATION

This literature synthesis used targeted searches of arXiv, Nature, company technical blogs, NIST publications,
and peer-reviewed journals. Claims about vendor roadmaps were cross-checked against primary vendor posts
and independent analyses where available. Key sources are cited in the reference list.
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ABSTRACT

Generation Z is often labeled as “digital natives,” yet this characterization masks significant disparities in
access to technology, internet connectivity, and digital literacy [1], [3], [4]. This paper examines the digital
divide’s impact on educational equity for Gen Z, highlighting how socioeconomic status, geographic location,
and institutional resources shape unequal learning opportunities [1], [5]. Drawing on global and national
examples, the study explores the urban—rural infrastructure gap, the misconception that exposure to technology
equals proficiency, and the COVID-19 pandemic’s role in amplifying these inequalities [1], [3], [5], [2]. It also
analyzes the relationship between access and skill development, emphasizing that digital literacy requires
structured instruction, not merely device ownership [3], [6]. The paper reviews policy interventions and
emerging solutions, from universal broadband expansion and affordable device programs to teacher training
and community-based access points [1], [7], [8]. Recommendations advocate for treating digital access as a
fundamental right, integrating digital skills into curricula, and targeting resources toward vulnerable groups
[1], [6], [7]. Ultimately, bridging the digital divide is positioned not only as a technological imperative but as
an issue of educational justice, essential for ensuring that all members of Generation Z are prepared to thrive in
an increasingly digital world [4], [6].

Keywords: Digital divide, educational equity, Generation Z, Gen Z, digital natives myth, ICT access, digital
literacy, socioeconomic disparities, urban—rural gap, online learning, broadband access, device affordability,
teacher training, COVID-19 impact, remote learning, policy interventions, community-based digital access,
educational technology, digital skills gap, developing countries, infrastructure gaps, educational justice

1. INTRODUCTION

Generation Z, born between 1997 and 2012, is often described as “digital natives” due to their constant
exposure to technology [3], [4]. However, this label hides a critical reality: access to devices, reliable internet,
and digital literacy is far from universal [1], [3]. The digital divide—gaps in access to and effective use of
ICT—continues to shape educational outcomes, particularly for students from low-income households, rural
areas, and underfunded schools [1], [4], [6].

Beyond hardware and connectivity, disparities in digital skills create further inequities [6]. Well-resourced
schools often provide structured ICT education, while disadvantaged students may struggle with even basic
digital navigation [6]. The COVID-19 pandemic exposed and intensified these gaps, leaving many students at
risk of long-term academic setbacks [2], [8].

This paper examines how socioeconomic and geographic factors influence Gen Z’s technological readiness, and
argues that without targeted policies, the digital divide will continue to erode educational equity.

2. DEFINING KEY CONCEPTS

Digital Divide

The digital divide refers to the gap between individuals and communities that have access to modern
information and communication technologies (ICT) and those that do not [4]. This includes disparities in access
to hardware (such as computers and tablets), internet connectivity, and the ability to use digital tools
effectively—known as digital fluency [6]. According to the Organisation for Economic Co-operation and
Development (OECD), even in countries with high internet penetration, significant inequalities persist based on
income level, geographic location, and infrastructure availability [1], [5]. Research published on platforms such
as ResearchGate highlights that these disparities are not limited to developing nations but also exist within
technologically advanced countries, often reflecting broader socioeconomic inequalities [3].

Educational Equity

Educational equity means ensuring that every student has the resources, opportunities, and support they need to
achieve academic success, regardless of their socioeconomic background, race, gender, or geographic location
[4]. Equity differs from equality in that it acknowledges students may need different levels of support to reach
similar outcomes. In the digital age, achieving educational equity requires more than equal distribution of
devices—it demands accessible, affordable, and high-quality digital learning environments for all learners [1],

[6].
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The Gen Z “Digital Natives” Myth

While Generation Z is often considered technologically adept because they have grown up with digital devices,
data shows this assumption is misleading [3]. Studies reveal that only 2% of eighth-grade students scored highly
on computer literacy assessments, and just 19% could independently complete digital tasks without guidance
[6]. This gap between exposure and competency suggests that familiarity with technology—such as using social
media or smartphones—does not automatically translate into advanced digital skills necessary for academic and
professional success [3], [6].

3. RESEARCH/SURVEY ANALYSIS

Q1: Type of School/College

The survey, which included 16 respondents, showed that the majority of participants attended a private school
or college, accounting for 81.3% of the total. A smaller portion of the respondents attended a government
institution (12.5%), while an even smaller percentage attended an aided institution (6.3%). This indicates that
the survey primarily reflects the experiences of students from private educational backgrounds.

Q2: Access to Technology at Home
Do you have access 1o the following at home? (Check all that apply)
16 responses
Smartphone 16 (10089%6)

Laptop/Deskiop

Tablat 4 (25%)

Brcadband Wi-Fi 14 (B7.5%)
Mobile Data only B {56.3%)

MNone of the above

All 16 respondents (100%) reported having access to a smartphone at home. Access to other devices was also
high, with 13 respondents (81.3%) having a laptop or desktop computer and 14 respondents (87.5%) having
broadband Wi-Fi. Fewer respondents had a tablet (25%) or relied solely on mobile data (56.3%). Importantly,
every respondent had access to at least one listed device or internet connection, as no one reported having no
access to any of these technologies.

Q3: Internet Connection Reliability

How reliable is your internet connection for academic use?
16 respanses

@ Aways reliable

@ Sometimes rellable
Rarely reiiable

The majority of respondents found their internet connection to be reliable for academic use. A significant
81.3% considered their connection to be "always reliable". Only a small minority faced issues, with 12.5%
reporting a "rarely reliable" connection and 6.3% stating it was "sometimes reliable". This suggests that for
most students surveyed, internet access itself was not a major obstacle to academic work.
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Q4: Sufficiency of Technology Setup for Academic Needs

Do you feel your current technology setup (device and internet) is sufficient for all of your
academic needs?

16 rezponess

@ ves. complately

@ Moztly yes, but | face some challenges
Mot really, | face significant chaflanges

@ No, it's 5 major barrier,

Over half of the students (56.3%) felt their current technology setup was "completely" sufficient for their
academic needs. A substantial portion, 31.3%, said their setup was "mostly" sufficient but that they faced
some challenges. A smaller group of respondents (6.3%) felt their setup was not really sufficient and presented
significant challenges, while another 6.3% described it as a "major barrier".

QS: Interruptions During Remote or Hybrid Learning

During remote or hybrid learning, how often did you experience interruptions due to poor internet
connectivity or device issues?

16 responses

@ Never
@ Rarely
Somelimes

- @ Cften
- @ Very often

During remote or hybrid learning, half of the respondents (50%) reported experiencing interruptions
"sometimes" due to poor internet or device issues. Additionally, 43.8% said they "rarely" had such
interruptions. A small percentage (6.3%) reported that interruptions occurred "often". No respondents selected
"never" or "very often" for this question, indicating that some level of interruption was a common experience.

Q6: Quality of Education during Remote Learning

Do you believe the quality of your education was better, worse, or the same during remote learning
compared to in-person classes?

16 regponges

® Better
® Worse

The same

The perception of educational quality during remote learning was mixed. The largest group of respondents
(43.8%) felt that the quality of their education was the ""same' as it was during in-person classes. A significant
percentage (37.5%) believed the quality was "worse', while a smaller group (18.8%) felt it was "better".
This suggests a divided opinion on the effectiveness of remote learning compared to traditional classroom
instruction.

Based on a survey of 16 students, the analysis reveals a profile of the respondents and their experiences with
technology and remote learning. The majority of the students surveyed attend private institutions (81.3%) and
have good access to technology at home, with 100% owning a smartphone and most having a laptop/desktop
(81.3%) and broadband Wi-Fi (87.5%). A significant portion (81.3%) reported that their internet connection is
"always reliable" for academic purposes. Over half of the students (56.3%) found their technology setup
"completely sufficient" for their academic needs, although a notable percentage (31.3%) still faced some
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challenges. Regarding remote learning, half of the respondents "sometimes" experienced interruptions (50%).
When comparing the quality of education, opinions were divided: 43.8% felt it was the "same" as in-person
classes, while 37.5% felt it was "worse" and 18.8% felt it was "better".

Socioeconomic Disparities in Gen Z’s Digital Access

Socioeconomic status (SES) is one of the strongest predictors of a Gen Z student’s level of access to technology
and digital resources [4], [6]. In high-income households, students are far more likely to own personal laptops
or tablets, have high-speed broadband, and benefit from dedicated study spaces at home [1], [5]. By contrast,
students from low-income families may rely on shared devices, public Wi-Fi hotspots, or outdated equipment,
limiting both the quantity and quality of their online learning experiences [6].

Recent surveys indicate that in households earning less than USD 25,000 per year, only 56% have access to a
computer, compared to 93% in households earning over USD 100,000 [5]. These disparities extend to internet
connectivity: rural low-income students often face slow or unreliable connections, further widening the
achievement gap [1]. Even when devices are provided through school programs, ongoing costs for internet
service, software updates, and technical support can remain significant barriers [6].

The impact of these disparities is not limited to basic access. Students from higher-SES backgrounds typically
develop stronger digital confidence and proficiency because they encounter technology in multiple contexts—at
home, in extracurricular programs, and in well-equipped schools [6]. In contrast, lower-SES students may have
fewer opportunities to explore advanced software, coding, or online research skills, leaving them less prepared
for higher education or technology-driven careers [6].

5. INFRASTRUCTURE GAPS: URBAN VS. RURAL & GLOBAL EXAMPLES

Geographic location plays a decisive role in determining Gen Z’s access to technology. Urban areas,
particularly in developed nations, generally benefit from advanced telecommunications infrastructure,
widespread broadband coverage, and faster internet speeds [1], [S]. In contrast, rural and remote regions often
face persistent challenges such as limited network availability, high service costs, and outdated infrastructure
[1], [5]. These barriers make it difficult for students in rural areas to participate in real-time online learning,
download large educational files, or use interactive platforms without interruption [5].
For example, in the United States, students in rural districts are nearly twice as likely as urban students to lack
access to high-speed broadband [7]. In India, rural learners often contend with inconsistent electricity supply
and patchy mobile data coverage, which undermines the potential of online education [8]. Even in
technologically advanced countries, some rural communities remain underserved due to the high cost of
infrastructure expansion in low-population areas [1].

Globally, the “urban advantage” is further compounded by the concentration of resources—urban schools are
more likely to have dedicated computer labs, trained IT support staff, and technology-rich curricula [1], [5].
Rural schools, on the other hand, may rely on outdated hardware, minimal internet bandwidth, and teachers who
have received little formal training in digital instruction [7]. This urban—rural divide not only affects current
academic performance but also limits students’ future opportunities in higher education and the job market [1],

[5].

6. DIGITAL LITERACY: ACCESS # PROFICIENCY

While improving access to devices and internet connectivity is essential, it does not guarantee that students will
develop the skills needed to use technology effectively [3], [6]. Digital literacy—the ability to locate, evaluate,
create, and communicate information using digital tools—requires structured instruction and practice [6].
Simply owning a smartphone or computer does not equip students with the advanced competencies needed for
academic  research, data  analysis, coding, or professional = communication [3], [6]
Studies show that many Gen Z students, despite being active on social media and familiar with entertainment
apps, lack proficiency in essential digital skills such as spreadsheet usage, online collaboration platforms, and
information security [6]. For example, international assessments have revealed that students from high
socioeconomic backgrounds outperform their lower-SES peers in information and communication technology
(ICT) skills by wide margins—up to 1.3 standard deviations in countries like Chile [5].
This skills gap is also evident in teacher readiness. In under-resourced schools, educators may have limited
training in integrating digital tools into lessons, resulting in less effective use of available technology [7].
Without targeted instruction, students risk becoming passive consumers of digital content rather than critical
and creative users [6]. In the long term, this lack of proficiency can hinder academic success, reduce
employability, and perpetuate the cycle of inequality [6].
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7. PANDEMIC SPOTLIGHT: COVID-19’S AMPLIFYING EFFECT

The COVID-19 pandemic served as a stress test for educational systems worldwide, revealing the depth and
breadth of the digital divide among Gen Z students [2]. When schools abruptly shifted to remote learning,
access to technology became a prerequisite for education [2]. For students with reliable broadband, personal
devices, and supportive home environments, the transition—though challenging—was manageable. For others,
particularly those from low-income, rural, or marginalized communities, it resulted in severe learning
disruptions [2], [8].

Reports from 2020-2021 showed that millions of students were unable to log in to virtual classrooms
consistently due to lack of devices or unstable internet connections [2], [8]. Many were forced to rely on
smartphones for completing assignments, which limited their ability to engage with complex tasks such as
writing essays, creating presentations, or participating in interactive simulations [2]. In some cases, students
accessed online lessons from public spaces like parking lots or community centers to use free Wi-Fi [8].
The pandemic also widened pre-existing digital literacy gaps. Students already lacking strong ICT skills
struggled to adapt to new platforms, troubleshoot technical problems, and manage self-directed learning [6], [8].
Meanwhile, better-resourced peers gained further advantage by exploring advanced tools and developing
independent study habits [6]. These differences contributed to measurable declines in academic performance,
particularly in subjects requiring sustained engagement, such as mathematics and science [2].
Even after schools reopened, the effects persisted. Many disadvantaged students faced “learning loss”
equivalent to several months—or even a full year—of missed instruction [2]. The pandemic not only
highlighted the urgency of closing the digital divide but also demonstrated that equity in digital education must
be a core priority for future policy and planning [2], [8].

8. POLICY INTERVENTIONS & EMERGING SOLUTIONS

Addressing the digital divide for Gen Z requires a combination of large-scale policy action, targeted funding,
and innovative community-based initiatives [1], [7], [8]. Governments, educational institutions, and private
organizations have begun implementing measures to improve both access and digital literacy [1], [7].

One example is the OECD’s digital inclusion framework, which emphasizes investment in broadband
infrastructure, subsidized device distribution, and integration of digital skills training into school curricula [1].
In the United States, the ConnectEd Initiative sought to modernize school technology by expanding high-speed
internet access and securing private-sector donations of devices and software [7]. Similarly, the Digital Equity
Act (2021) introduced federal grants to support internet infrastructure projects, digital literacy programs, and
community outreach—although its future funding remains politically debated [7].

At the local level, creative solutions have emerged to bridge gaps quickly. Some school districts have deployed
Wi-Fi-enabled school buses to underserved neighborhoods, while libraries and community centers have
launched mobile hotspot lending programs [7]. In rural regions, public-private partnerships have helped fund
community broadband projects that provide low-cost or free internet to households in need [8].

In developing countries, international organizations and NGOs have piloted programs to provide solar-powered
tablets, offline digital learning resources, and teacher training for technology integration [8]. These efforts,
while smaller in scale, demonstrate how localized, context-sensitive solutions can make a tangible difference in
narrowing the divide [8].

Despite progress, most experts agree that sustained investment, coordinated policy efforts, and continuous
evaluation are essential [1], [8]. Without these, digital inequities risk becoming a permanent barrier to
educational equity for Gen Z [1], [6], [8].

9. RECOMMENDATIONS

To ensure educational equity for all members of Gen Z, closing the digital divide must be approached as a
multi-dimensional challenge [1], [6], [8]. Based on the evidence presented, the following strategies are
recommended:

Expand Universal Broadband Access

Governments should treat high-speed internet as an essential utility, similar to electricity and water. Investments
in fiber-optic networks, satellite internet, and rural broadband expansion can ensure that all students, regardless
of location, have reliable connectivity [1], [7], [8].

Provide Affordable Devices and Technical Support
Device distribution programs should be paired with maintenance plans, software updates, and technical
helpdesks so that access is sustainable. Public-private partnerships can help fund these initiatives [1], [7], [8].
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Integrate Digital Literacy into Education

Digital skills training should be embedded into school curricula at all grade levels, covering areas such as online
research, cybersecurity, productivity tools, and coding. This ensures that students are not just consuming digital
content but also creating and evaluating it critically [3], [6], [7].

Support Teacher Training and Resources
Teachers must be equipped to integrate technology into their teaching effectively. Professional development
programs should focus on both technical skills and pedagogical strategies for digital learning [7].

Target Support for Vulnerable Groups
Special funding and resources should be directed toward low-income families, rural students, first-generation
learners, and students with disabilities to ensure equity in access and skill development [4], [6], [8].

Promote Community-Based Access Points

Libraries, community centers, and local hubs can serve as free, high-quality digital access points, offering both
technology and guidance for students who lack these resources at home [7], [8].
By implementing these measures in a coordinated manner, policymakers and educators can significantly reduce
the digital divide, enabling Gen Z to fully participate in the academic, economic, and civic opportunities of the
digital era [1], [8].

10. CONCLUSION

Although Generation Z is often portrayed as a uniformly tech-savvy “digital native” generation, the reality is far
more complex [3], [4]. Socioeconomic status, geographic location, and educational resources continue to shape
unequal access to devices, reliable internet, and digital literacy skills [1], [6]. These disparities not only limit
students’ ability to fully engage in modern learning environments but also threaten long-term academic and
career outcomes [1], [6].

The COVID-19 pandemic revealed just how critical equitable digital access has become, transforming the
digital divide from a long-standing challenge into an urgent educational crisis [2], [8]. While various policy
initiatives and grassroots solutions have made progress, the divide persists—particularly for students in low-
income households, rural areas, and under-resourced schools [1], [8].

Closing this gap requires sustained, multi-level action: expanding universal broadband, ensuring affordable
devices, embedding digital literacy into curricula, training teachers, and targeting resources to vulnerable groups
[1], [7], [8]- By treating digital access as a fundamental right rather than a privilege, societies can ensure that all
members of Gen Z are prepared to thrive in an increasingly digital world [1], [6], [8].

Bridging the digital divide is not simply a matter of technology—it is a matter of educational justice. Without
decisive action, the very generation expected to lead the digital future risks being divided by it.
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ABSTRACT

Industry 5.0 takes what Industry 4.0 started and pushes it further. It moves away from just tech automation.
Instead, it puts humans front and center, you know, with a focus on teaming up Al and people, plus
sustainability and making things personal. Industry 4.0 was all about cyber-physical stuff, loT, and big
automation setups. But now, in 5.0, human creativity really shines, along with critical thinking and decisions in
manufacturing. Al and robots don't aim to boot people out. They team up, handling the boring repetitive jobs
and data crunching. Humans get to tackle problems, come up with new ideas, and oversee the big picture.

Take companies like BMW and Tesla. They're already doing this. They use Al for decision support, cobots that
work right next to people, and digital twins. All that helps operators boost efficiency, customize products, and
innovate more. Productivity goes up, sure. But it's also about safer spots to work, ergonomics that make sense,
and putting employee health first. Oh and, with Al analytics and real-time checks, workers can decide better. It
cuts down on mental strain. Plus, it keeps learning going and builds skills over time.

Shifting to Industry 5.0 means big changes for the workforce. Training has to change, reskilling programs too,
and how organizations run things. Ethical stuff comes up, like keeping data private, who takes responsibility,
and making sure everyone gets tech access fairly. That builds trust with workers, gets buy-in. This paper looks
at new writings, factory practices, case studies. It digs into how human-Al teamwork can change smart
factories. Opportunities, challenges, all of it. In the end, Industry 5.0 isn't only tech. It's a whole shift to
manufacturing that's sustainable, tough, and really about people.

Keywords: Industry 5.0, Human-AI Collaboration, Smart Factories, Predictive Maintenance, Ethical Al,
Sustainability, Al Transparency, Cybersecurity in Manufacturing, Decision-Making in Industry 5.0, Deep
Learning, Collaborative Robots (Cobots), Supervised Learning Models, Workforce Augmentation, Real-Time
Data Analytics.

1. INTRODUCTION

Background of Industry 4.0. Transition to Industry 5.0

Industry 4.0 really changed things in manufacturing, you know. It brought in cyber-physical systems, the
industrial Internet of Things, or IloT, big data stuff, and those advanced robots right into how production works.
The whole focus back then was on making things efficient, automating everything, and swapping data in real
time. Machines basically took over the boring, mistake-filled jobs. These changes boosted productivity and
quality a ton. But they also sparked worries about jobs disappearing, ethics not being watched closely enough,
and sustainability issues. So to tackle that, Industry 5.0 came along. It puts people right back in the middle of it
all. Unlike Industry 4.0, which was all about smart automation, this new phase mixes human smarts with
artificial intelligence, or Al. They create this teamwork setup where both push for efficiency, fresh ideas, and
bouncing back from problems.

Importance of Human-Centric Approaches in Manufacturing

What stands out in Industry 5.0 is how it pushes human-centric manufacturing, basically. Technology here
boosts what people do best, like being creative, adaptable, and keeping well-being in check, instead of just
kicking workers out. Factories now mix in collaborative robots, those cobots, plus Al systems that help with
decisions and augmented reality tools. All this complements human operators, doesn't replace them.
Organizations end up with better customization, safer ergonomics, and ways to practice sustainability. Human-
centered setups also let companies flex with shifting customer needs, supply chain messes, and the growing
push worldwide for eco-friendly making. Oh, and it helps respond to disruptions too, in a real practical way.

Research Gap. Why Collaboration Between Humans and Al Matters

Industry 4.0 tech got adopted everywhere, sure. But most studies and factory practices zeroed in on automation
efficiency and cutting costs. Way less thought went to the human side, like social stuff and cognitive parts of
teaming up humans with Al. Things like building trust, keeping things transparent, job satisfaction, and
retraining workers. Companies often fumble balancing Al decisions with human checks, which leads to folks
not accepting systems, ethics slipping, and sustainability not holding up long-term. This research fills that hole
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by looking at how to set up human-Al teamwork that amps up tech efficiency while keeping people well. I
mean, it's about structuring it right.

Research Objectives and Questions

The big goal here is exploring how human-Al collaboration shapes those human-focused smart factories in
Industry 5.0. Specifically, the study digs into a few key areas. First, it looks at how this collaboration ramps up
productivity, sparks innovation, and builds resilience in manufacturing. Second, it spots the challenges and risks
when weaving Al into workflows run by people. Third, it suggests frameworks and design ideas for safe, clear,
and sustainable systems where humans and Al team up. From all that, some research questions pop out. How
does Industry 5.0 stand apart from 4.0 when it comes to involving people and designing systems. What benefits
and hurdles come from putting Al into production driven by humans. And which strategies make sure the
collaboration stays ethical, sustainable, and good for workers. Tackling these helps add to talks on keeping
manufacturing advanced with tech but still centered on humans in the Industry 5.0 world.

2. LITERATURE REVIEW

Artificial intelligence really forms the core of smart manufacturing these days. It shapes what we call Industry
5.0 in a big way. Industry 4.0 set up the basics with all that digital stuff, data crunching, and automation. Now
things are shifting to Industry 5.0. This means more focus on people-centered setups, ethical practices, and
tough, resilient systems in factories. Al isn't just about automating everything anymore. It acts like a partner to
human workers. It boosts what they can do, keeps things sustainable, and sparks new ideas.

Al in Manufacturing Decision-Making

Al helps a ton with decision-making in Industry 5.0. Smart factories use predictive and prescriptive analytics to
make workflows smoother. They cut down on downtime. They react quick to market changes too. Take
predictive maintenance powered by Al. Algorithms dig into sensor data, vibrations, and logs from operations.
They spot failures before they happen [10][11]. This stops expensive breakdowns. It limits production halts.
Plus, equipment lasts longer.

Beyond maintenance, Al amps up real-time data analysis. Manufacturers decide based on what's happening live
in the factory, not just old reports [12]. Machine learning ties in with IoT devices. Production managers see
bottlenecks, energy use, and quality issues right away. They jump in fast. That kind of quick response helps in
shaky markets. It fits the resilience push in Industry 5.0.

Still, leaning hard on Al brings up ethical stuff and social issues. Things like how transparent algorithms are,
who's accountable, biases, and fairness all matter now [13][14]. Say Al handles scheduling or quality calls.
Human operators need to get the reasoning behind it to trust the tech and work with it well. Job loss risks spark
big talks worldwide. Al boosts efficiency, sure. But it could wipe out routine, low-skill jobs [15]. Industry 5.0
pushes for boosting humans, not replacing them. Tech should make human work better, not push it aside [16].

Cybersecurity and Al ethics count as another big deal. Factories link up more through IoT. That opens doors to
cyberattacks and data leaks. If Al picks up biases from its training data, it might cause unfairness or sloppy
work. So, building ethical Al rules and regulations is key. They ensure fairness, guard data, and build trust in Al
for manufacturing [17][18].

2.1 Human-Al Collaboration

Human-Al collaboration sits right at the center of Industry 5.0. It's not like full automation where machines take
over from people. Here, Al teams up with human strengths like creativity, sharp thinking, and emotional smarts.
Al handles the boring repeats, heavy data work, and precise jobs. Humans bring flexibility, real-world context,
and fresh ideas [4][5].

In real setups, this teamwork shows up in all sorts of ways. Al cobots help by hauling heavy stuff, doing
assembly repeats, and checking quality. That cuts physical wear and tiredness for workers. Humans oversee the
tricky decisions, make sense of Al outputs, and tweak flows when things get unpredictable. The split leads to
better efficiency. It also makes jobs more interesting for folks.

Studies lately stress human-in-the-loop systems. Humans stay involved, checking, tweaking, or overriding Al
choices. That keeps accountability. It lowers error risks. It builds trust between workers and tech. Plus, getting
workers into decisions cuts pushback on Al. It creates a team vibe, not a rivalry between people and machines.

2.2 Technological Integration
Getting human-Al teamwork right in smart factories relies on blending new tech like IoT, machine learning,
digital twins, and cobots.
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IoT devices handle data gathering and connections. They make real-time loops between people, machines, and
systems. Wearables like the OperaBLE setup watch posture, stress, and surroundings for ergonomic help [14].
These keep work safe. They pull humans deeper into production.

Machine learning and multi-agent reinforcement learning, or MARL, get tested for handling decisions in
spread-out, tough spots like factories [17]. They optimize production on the fly. Al assigns tasks, balances
energy, and deals with surprises. All while syncing with human bosses.

Digital twins copy physical setups virtually. Workers simulate scenarios, predict results, and test Al suggestions
safely. Add AR and VR, and you get training spots where people practice choices without real risks.

Cobots mark a key part of this tech mix in Industry 5.0. They differ from old robots stuck in cages. Cobots share
space safely with humans. They adjust based on what operators do. They capture that human-Al blend, mixing
machine accuracy with human flexibility.

2.3 Safety and Trust

Trust decides if human-Al teamwork works or flops. Workers take to Al more when it feels reliable, clear, and
safe for people. Studies show mental stress and fatigue tie to task complexity and robot interactions [16].
Unpredictable or opaque Al can cause worry and lower job happiness. That hurts teamwork overall.

e Manufacturers need trust strategies like these.

e Design Al that explains decisions plainly.

e Make robot actions predictable with steady safety rules.

e Let humans override in key spots.

e Offer training and skill updates so workers feel ready for the tech.

Safety rules from ISO/TS for cobots ensure secure interactions. Physical safety matters. But psychological
safety does too. Workers need to know their say counts. Tech should lift their roles, not scare them off. When
safety and trust lead, these setups empower people. They drive innovation. They lock in long-term buy-in for
Industry 5.0 ways [18].

2.4 Comparison of Human-AlI Collaboration Approaches

Look at these approaches. Each one has its upsides and downsides. Full automation brings high efficiency and
some real cost savings, like they mention in reference 3. But it lacks that human creativity, and there's all these
worries about job displacement, as noted in 4. Human-Al collaboration mixes Al's precision with what people
bring in terms of intuition, per 5. Still, trust issues pop up, and you need training for everyone involved, from 6.
Assistive Al boosts what workers can do and cuts down on fatigue, based on 7. The challenges though,
integration gets complicated, and deploying it costs a lot, like in 8. Then there's digital twin with AR/VR, which
lets you do safe simulations and immersive training, from 14. It requires a bunch of infrastructure though, and
cybersecurity risks are a big deal, as in 17. IoT wearables handle real-time monitoring for ergonomics and
safety, again from 14. Privacy concerns hit hard, and data governance is tricky, per 18.

This comparison shows how full automation pushes efficiency hard. But it really falls short on creativity and
keeping the workforce going strong. Human-Al collaboration and assistive Al, they kind of balance things out
better, mixing efficiency with looking after people. That lines up more with what Industry 5.0 is all about, you
know. Tools like digital twins and IoT wearables, they're these hybrid setups that pull humans right into Al
systems. Still, you have to handle governance carefully and figure out integration right.

Summary of Literature Gaps

Current studies cover the technical side a ton, like Al in predictive maintenance, scheduling, and quality control.
But human factors, things like trust or job satisfaction, skill building, ethical stuff, there's way less out there on
that. Literature often looks at tech alone, say cobots or loT or digital twins, without seeing how they all play
together with workers. And long-term studies, they're missing too, on how human-Al teamwork hits workforce
resilience, company culture, sustainability goals.

Filling these gaps means seeing human-Al collaboration as more than tech hurdles. It's this big socio-technical
shift. You need input from engineering, psychology, management, ethics to make it work.

3. METHODOLOGY
This research uses a qualitative method. It involves a systematic literature review. The goal is to look at how
artificial intelligence, or Al, works together with humans in smart factories. This fits under the Industry 5.0
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framework. You know, the qualitative approach is great for digging into complex, new stuff like this. Numerical
data alone often misses the full picture of interactions between people and smart systems.

The study wants to give a full picture of how Al tech blends with human-focused ways. This helps boost
efficiency, safety, sustainability, and productivity in factories. Basically, it's about making things better overall
in industrial spots.

We started with a big, careful search through academic papers. Databases like IEEE Xplore, SpringerLink,
ScienceDirect, and Google Scholar were key. I mean, we picked solid keywords and search terms to cover the
right studies. Things like Industry 5.0, human-Al collaboration, smart factories, ethical AI, predictive
maintenance, workforce augmentation, and sustainable manufacturing. Using several databases meant we got a
broad range of sources. From journals and conference papers to real-world case studies. This gave both theory
and practical tips on Al-human teamwork in industry.

For picking studies, we had strict rules for inclusion and exclusion. Only stuff from the last ten years made the
cut. That way, it reflects current tech and industry ways. We favored peer-reviewed articles, strong conference
papers, and case studies with real data. Reliability and usefulness were big deals. Anything without clear
methods, not tied to human-AI mixing, or lacking evidence got dropped. This screening made sure the literature
really built understanding of Al tech. Plus, it showed how it plays out in actual factory settings.

After finding the good ones, we did a comparative analysis. It looked at various Al models and their jobs in
smart manufacturing. The review hit on techniques like supervised learning algorithms, deep learning setups,
reinforcement learning, and mixed Al frameworks. Each got checked for boosting key metrics. You know,
productivity, safety, quality control, trust in automation. For instance, supervised learning shines in predictive
maintenance. Deep learning helps spot anomalies in processes. Reinforcement learning adapts decisions in
changing environments. But we didn't just focus on tech wins. Human sides mattered too, like how easy it is to
use, if it's interpretable, and whether it helps people instead of replacing them.

To get the real-world feel, we pulled in case studies from different sectors. Automotive, electronics, healthcare
manufacturing. Each one got broken down for successful tricks, hurdles in rollout, and takeaways on human-Al
teamwork. Oh, and this sector view helped see how things like production complexity, worker skills, or rules in
the area affect Al adoption and results. We also dug into socio-technical stuff. How Al supports human know-
how, aids choices, builds trust with workers and bosses.

On top of that, the method stressed ethics, security, and worker impacts in Industry 5.0. Things like ethical Al
use, data privacy, cyber threats, job changes. All examined for a complete view of what Al integration means.
So, it's not just about efficiency. It's about building a lasting, people-first factory world. We reviewed bias risks
in Al clear decision-making in algorithms, ways to train workers for Al-boosted jobs. Basically, it underscores
matching tech progress with ethics and social needs.

The review's findings get pulled together to spot patterns, holes, and next steps for research. Insights on top Al
methods, best practices in industry, big challenges. These form the base for tips aimed at policymakers and
factory folks. The evaluation setup makes it clear which tech and teamwork strategies deliver the biggest gains.
In productivity, safety, sustainability, human well-being under Industry 5.0.

Overall, this method mixes a solid literature review with comparisons and sector looks. It sets up a strong way
to check Al-human integration in smart factories. By covering tech performance and people factors, the study
gives useful ideas for industrial setups. Ones that are smart, sustainable, ethical, right in line with Industry 5.0
goals.

5 I.' , % [ '\I
ﬁm;ﬁnw‘ ﬁl{ndelnmm&mmj tkmhr,neﬂmll

immudm'} _Jmmmﬂahmmn" L[lsmahﬂn;& s |_»[Ifmmmsm& ks
2 T P § Y J i
'mm]kmi....{mmmmm] g T gk,

: 'Tnnﬂdnmj N e L

4. HUMAN-CENTRIC MANUFACTURING FRAMEWORK
Human-centric manufacturing is this big shift away from just letting machines run everything. It moves toward
a setup where people and Al work together in a way that builds sustainable, tough, and flexible factories.
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Humans aren't sitting around watching machines do all the work. They jump in as key players, making choices,
coming up with ideas, and building stuff right alongside smart tech. This lines up with what they call Industry
5.0, you know, the push for personalized work, bringing everyone in, and using tech in an ethical way.

Core Components of the Framework

1. Human-AlI Symbiosis :-

The heart of it all is this idea of humans and Al teaming up closely. Al handles the boring repeats, the
dangerous jobs, or crunching tons of data. People handle the tricky stuff like solving problems, getting creative,
and deciding big things. It's not about replacing folks with machines. It's more like boosting what humans do
with smart tools and info from Al

2. Collaborative Robotics (Cobots) :-

Cobots are the hands-on part of this whole thing. They differ from old-school robots that need fences around
them. These work safely right next to people, no barriers. They grab the heavy lifting or super precise work.
Workers then deal with the complex parts, like innovating or tweaking things for custom jobs.

3. AI-Driven Decision Support :-

On the thinking side, Al uses analytics, digital twins, and predictions to process huge data loads in the moment.
It gives tips on fixing things before they break, streamlining workflows, or saving energy. Operators get that
info and check it, make sense of results, and tweak plans based on what they know from the ground.

4. Ergonomic and Well-Being Integration :-

This approach puts worker health front and center. Things like wearable gadgets with [oT, augmented reality for
safety, and adjustable setups cut down on tiredness and hurts. Humans stay at the core, not only for what they
do but how they feel on the job.

5. Ethical and Transparent Al :-

Ethics hold it together with clearness, fairness, and owning up to choices. People need to get how Al thinks,
trust it, and step in if needed. That means using explainable Al and rules that stop biases, keep data safe, and let
workers stay in control.

Strategic Layers of the Framework
Picture the setup in three linked parts.
o Technological Layer:- It pulls in IoT, cobots, digital twins, and Al setups.

o Human Layer:- This covers what workers bring, like fresh ideas, real-world smarts, feelings in the mix, and
know-how from the field.

e Organizational Layer:- Here it's about training people up, teaching new skills, setting ethical rules, and
getting the culture ready for humans and Al to collaborate.

Outcomes of Implementation
o Putting this into action brings some real wins.

e More custom and bendy production lines.

o Workers feel better with safer, more interesting spots to work.

e Operations that last, mixing efficiency with doing right by people.

e Resilience over time, where tech lifts up the team instead of pushing them out.

All in all, this framework lets tech back up human skills without clashing. It sets up a solid, right-way path for
what's next in manufacturing.

5. HUMAN-AI COLLABORATION IN SMART FACTORIES

Human-AI collaboration really stands out as the main thing in smart factories for Industry 5.0. Earlier industrial
shifts focused on efficiency with machines or digital setups. This time around, it's all about working together,
humans and Al side by side. Smart factories put this idea into action. They mix human skills with Al tech
smoothly to boost innovation, keep things safe, and help adapt to changes.

What counts as human-Al collaboration. It's not just people watching over machines. There's give and take.
Humans steer, teach, and add context to Al. Meanwhile, Al gives back with solid data insights, exact work, and
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automated help. This back-and-forth turns the factory into a shared setup where smarts spread out between
people and tech.

Task allocation forms the base. You divide the work smartly. Al handles stuff that needs quick speed, spot-on
accuracy, and crunching big data. Think anomaly spotting, predicting maintenance needs, or tweaking processes
for better flow. Humans step in with creativity, flexibility, ethical calls, and gut feelings that algorithms can't
capture.

Then there are collaborative robots, or cobots. These show teamwork up close in the physical world. They team
up with workers on assembly lines, packing jobs, or checking parts. Loaded with sensors, cobots pick up on
humans nearby, dial down force if needed, and even pick up tricks from hand signals. That lets you shift
workflows on the fly without safety worries.

Human-in-the-loop Al takes it to decisions. Al spits out suggestions. But people check them, tweak, or shut
them down if it makes sense. Take quality control. Al flags weird defects. Skilled folks make the call. This cuts
errors and eases folks into using Al more.

Digital twins and AR or VR setups let collaboration happen in virtual spots. They mimic real factory processes.
Workers poke around these models using augmented or virtual reality. They test ideas out safely before trying
them for real. Humans get Al's smart takes without the dangers.

Real-time data analytics keeps it flowing. Al systems chew through IoT sensor info right away. They serve up
clear dashboards to operators. This team-up means quick fixes and gives workers a bigger picture than eyes or
ears alone could catch.

On the social side, it's not all tech. Trust matters a lot. Workers need to believe in what Al says. So clear
algorithms and explainable Al help build that. Skills shift too. People learn to read data, watch Al, and judge
ethically. Reskilling programs become key for that. Job satisfaction picks up when roles move beyond just
running machines to solving problems creatively and overseeing things.

Look at some real cases. BMW uses cobots to help with tough, body-straining tasks. It cuts down fatigue but
keeps humans in charge of quality checks. Tesla brings in Al for predicting stuff in battery making. Supervisors
tweak plans based on those forecasts. In electronics, digital twins let engineers play with designs in sims. They
refine before building the real thing.

You can think of collaborative models in three steps that build on each other. First, assistive stuff. Al helps
humans without taking over, like wearables that nudge on better posture. Second, cooperative. Humans and Al
split duties, with people holding the final say, as in cobots. Third, autonomous with oversight. Al runs things,
but humans watch, step in, and keep ethics in line.

What comes out of good collaboration. Productivity climbs, downtime drops. Workplaces get safer, less strain
on body and mind. Adapting to market shifts happens easier. Innovation grows when human ideas team with
machine power.

Basically, this human-Al partnership in smart factories changes manufacturing. It's not a fight between people
and machines. Instead, it plays to both sides' strengths.

7. BENEFITS & OPPORTUNITIES

Human-centric manufacturing under Industry 5.0 creates a wide spectrum of benefits, not only for industrial
productivity but also for employees, organizations, and society. By placing humans and Al in a collaborative
partnership, smart factories unlock opportunities that go beyond efficiency, emphasizing resilience, creativity,
and sustainability.

7.1 Productivity and Efficiency Gains:

One of the most tangible benefits of human-Al collaboration is the optimization of production processes. Al-
powered predictive analytics minimize downtime by identifying equipment failures before they occur, while
cobots handle repetitive tasks at higher precision and speed. This dual approach allows humans to focus on
complex decision-making, significantly improving throughput without compromising quality.

7.2 Worker Empowerment and Job Satisfaction:

Unlike traditional automation, which often displaced workers, human-centric systems empower employees.
Workers gain access to advanced Al tools that augment their skills, reduce physical fatigue, and enhance
workplace safety. Ergonomic [oT wearables and AR interfaces allow employees to monitor their well-being and
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optimize tasks. This shift improves job satisfaction, as workers move from monotonous labor toward problem-
solving, innovation, and creative design roles.

7.3 Customization and Personalization:

Industry 5.0 emphasizes mass customization, where products are tailored to customer preferences without
sacrificing efficiency. Al enables rapid analysis of consumer data and production adjustments, while humans
contribute contextual understanding of cultural, ethical, or aesthetic dimensions. This blend allows
manufacturers to produce highly personalized goods at scale—an opportunity increasingly critical in markets
driven by consumer individuality.

7.4 Sustainability and Green Manufacturing:

Al-driven analytics enable real-time monitoring of energy consumption and resource allocation, reducing waste
and supporting sustainable manufacturing. Human oversight ensures that ethical and environmental
considerations are integrated into production strategies. Together, Al and humans drive practices such as
circular economy models, carbon footprint reduction, and renewable energy integration.

7.5 Resilience in Disruption:

Global supply chain disruptions, such as those experienced during the COVID-19 pandemic, revealed the
vulnerabilities of fully automated systems. Human-Al collaboration creates resilience by combining Al’s
predictive forecasting with human adaptability and improvisation. This hybrid approach allows factories to
respond quickly to unforeseen disruptions and maintain continuity in volatile environments.

7.6 Continuous Learning and Innovation:

Al not only provides insights but also fosters a continuous learning culture. Workers are exposed to real-time
data-driven feedback, enhancing their skills and supporting ongoing reskilling initiatives. Furthermore, Al’s
ability to process complex data patterns sparks innovation, while humans interpret and refine these insights into
viable products or processes.

7.7 Societal Opportunities:

Beyond the factory, human-centric manufacturing contributes to broader societal benefits. By prioritizing
worker well-being, it reduces workplace injuries and improves community trust in industrial practices. Ethical
Al deployment builds confidence in digital technologies, while sustainable practices support global climate
goals.

In summary, the opportunities of Industry 5.0 extend beyond economics, encompassing human empowerment,
sustainability, resilience, and innovation—making manufacturing a truly holistic driver of progress.

8. CHALLENGES & LIMITATIONS

Despite all the hype around human-centric manufacturing, there are some real hurdles to jump over if we want it
to stick and last. These issues mix technical stuff with social and ethical ones, showing just how tricky it is to
blend people with smart systems.

8.1 Trust and Transparency:

The big problem here is not trusting Al enough. Algorithms that act like black boxes make workers hold back
from following suggestions. You know, without those explainable Al setups, things stay opaque. That breeds
doubt. People push back against using it.

8.2 Skill Gaps and Workforce Transition:

Shifting from Industry 4.0 to 5.0 means a ton of retraining for folks. They need to pick up skills in data stuff,
watching over Al, and even digital ethics basics. But training? It's spotty. Not everyone gets it equally. So gaps
grow between those who know their way around and those who don't. I mean, that's a mess waiting to happen.

8.3 Ethical and Social Concerns:

When Al slips into daily work flows with humans, ethics pop up everywhere. Bias sneaks into algorithms.
Decisions turn unfair. Then there's data privacy, like with those IoT wearables that track what employees do all
day. Oh and accountability. Who takes the blame if something goes wrong in a human-Al mix-up? It's unclear.
Really unclear.

8.4 Economic and Infrastructural Barriers:

Setting up smart factory gear, cobots or digital twins, IoT gadgets, all that costs a bundle. Small businesses,
SMEs, they often can't swing the cash. Or the setup. Cybersecurity? Many lack it too. So adopting this stuff
effectively? Tough for them.

8.5 Cybersecurity Risks:
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Smart factories lean hard on IoT links and cloud setups. That opens doors to hacks. Data breaches. One hit can
shut down lines. Steal ideas. And yeabh, it shakes faith in the whole human-AlI team-up.

8.6 Psychological and Cultural Resistance:
Collaboration between humans and Al hits cultural walls too. Workers worry about losing jobs. They fight the
tech push. Constant watching feels off-putting. Anxiety builds. Stress. Less control over things. If you don't
handle that carefully, the upsides fade away.

8.7 Integration Complexity:

These factories are wild ecosystems. Al, IoT, cobots, AR, VR, all needing to mesh without glitches. Getting
systems to talk to each other smoothly. And humans with machines. That's still a tech headache. Basically, not
easy.

So yeah, Industry 5.0 paints a nice picture. But making it work comes down to fixing these through solid ethics
rules, good training programs, clear Al, and strategies that include everyone.

9. FUTURE DIRECTIONS
Industry 5.0's development is still in its infancy, but it offers fascinating prospects for study, invention, and
policymaking. This change can be guided in a number of ways going forward:

1. Creation of Ethical AI Guidelines:
To control accountability, transparency, and equity in Al-driven manufacturing, international frameworks are
required. These standards will probably be defined in large part by organizations like IEEE and ISO.

2. Extension of the Human-in-the-Loop System:
Models where human oversight is methodically incorporated into Al decision-making processes should be
improved by future research. This preserves efficiency while guaranteeing accountability and trust.

3. Ecosystems for Education and Reskilling:

Governments, businesses, and academic institutions must work together to create interdisciplinary training
programs that integrate ethics, data analytics, artificial intelligence, and human creativity. Models of lifelong
learning will be essential for workforce resilience.

4. Advanced Technology Integration:

The way humans and Al work together will be completely changed by emerging technologies like edge Al,
blockchain, and quantum computing, especially in the areas of real-time analytics, energy optimization, and
supply chain security.

5. Social and Psychological Studies:
Further research on human psychology, motivation, and wellbeing in Al-driven settings will guarantee that
cooperation is both socially and technically viable.

6. Inclusivity Worldwide:
Future research must focus on preventing technological inequality by making Industry 5.0 available to SMEs
and developing nations.

In summary, responsible innovation where technological advancement is directed by moral, inclusive, and
human-first principles is the key to the future of human-centric manufacturing.

10. CONCLUSION

Human-centric manufacturing in Industry 5.0 represents a transformative shift from automation-focused
paradigms to cooperative ecosystems where humans and Al work as partners. Unlike Industry 4.0, which
emphasized cyber-physical systems and efficiency, Industry 5.0 prioritizes creativity, well-being, sustainability,
and resilience.

This paper highlighted the framework of human-centric manufacturing, explored the dynamics of human-Al
collaboration in smart factories, and analyzed the benefits, opportunities, challenges, and future directions of
this approach. The findings suggest that while Al enhances productivity, safety, and customization, its true
potential is realized only when complemented by human creativity, adaptability, and ethical oversight.

However, the transition is not without obstacles. Trust deficits, ethical risks, skill gaps, cybersecurity threats,
and cultural resistance pose significant limitations. Overcoming these challenges requires transparent Al
systems, robust workforce training, ethical governance, and inclusive strategies that prioritize human well-
being.
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Ultimately, Industry 5.0 is not merely another technological revolution but a paradigm shift. It reflects a societal
commitment to ensure that manufacturing progress remains sustainable, equitable, and human-centered. By
fostering collaboration instead of competition between humans and machines, smart factories can evolve into
ecosystems that empower workers, drive innovation, and contribute to global sustainability goals.
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IMPACT OF SOCIAL MEDIA ENGAGEMENT ON POST-TRAVEL EXPERIENCE SHARING
AMONG MILLENNIALS IN MUMBAI
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ABSTRACT

Social media has become a powerful medium for travellers to document and share their travel experiences.
Millennials, being socially active and digitally expressive, engages actively in post-travel sharing through
platforms such as Instagram, WhatsApp, and Facebook. This study investigates the patterns and motivations
behind post-travel experience sharing among youth in Mumbai. A sample of 101 millennials were surveyed to
examine the extent of engagement, preferred platforms, and influence of shared content on peers. Findings
indicate that most respondents share photographs, travel stories, and location tags online primarily for memory
preservation, social connection, and identity expression. The study highlights how post-travel sharing
contributes to a cycle of influence that shapes tourism trends.

INTRODUCTION

Travel experiences today extend beyond physical journeys and enter the realm of social identity building. For
Millennials, sharing their travel experiences on social media satisfies emotional, social and symbolic needs.
Social media platforms enable young travellers to gain validation, communicate belongingness, and inspire
others. Post-travel sharing plays a role in influencing future destination choices of peers, thus making it an
important phenomenon in digital tourism culture. This study explores the nature, motives, and implications of
social media engagement after travel among Mumbai’s millennials.

OBJECTIVES OF THE STUDY
1. To examine the social media platforms used by Millennials travellers for sharing post-travel experiences.

2. To analyse the types of travel experiences shared online.
3. To evaluate the influence of post-travel sharing on peer travel decision-making.
REVIEW OF LITERATURE

Xiang & Gretzel (2010) establish that social media plays a vital role in travel information sourcing.
Hays, Page & Buhalis (2013) note that destinations are increasingly using social media as a marketing tool.
Kozinets et al. (2017) suggest that sharing online experiences contributes to self-presentation and social
identity.

This study builds on these perspectives by focusing specifically on post-travel engagement among youth.

HYPOTHESES

H1: Millennials travellers actively use social media to share travel experiences after returning from trips.
H2: Post-travel social media sharing influences the travel decisions of peers.

FINDINGS AND OBSERVATIONS
Table 1: Post-Travel Sharing Activities (N =101)

Activity Respondents (%)
Took Pictures 83%
Shared Photos Online 64%
Shared Travel Stories 52%
Posted Reviews 37%

Interpretation:
The data indicates that taking and sharing photographs is the most common form of post-travel social media
engagement. Reviews and written reflections, while present, are comparatively less frequent.

Table 2: Platforms Used for Post-Travel Sharing

Platform Usage (%)
Instagram 58%
WhatsApp 52%
Facebook 34%
YouTube 18%
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Interpretation:
Instagram is the preferred platform for visual storytelling, followed closely by WhatsApp for personal sharing.
Facebook and YouTube serve more selective or broadcast-oriented sharing behaviors.

CONCLUSION

The study concludes that Millennials travellers actively share their travel experiences online, driven by the
desire for memory preservation, self-expression, and social influence. The act of sharing reinforces identity
construction and contributes to peer travel inspiration. Post-travel sharing significantly shapes tourism trends
and destination popularity among social networks.

SUGGESTIONS
1. Tourism organizations should encourage authentic user-generated content instead of scripted promotional
visuals.

2. Influencer partnerships should emphasize real experiences and transparency.
3. Colleges may encourage responsible digital storytelling and media literacy.

4. Travel brands could incentivize travellers to share organic travel stories using hashtags or community
campaigns.

REFERENCES
Xiang, Z. & Gretzel, U. (2010). Role of social media in travel information search.

Hays, S., Page, S. J., & Buhalis, D. (2013). Social media as a destination marketing tool.
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POLITENESS STRATEGIES AND THE ROLE OF INDIRECTNESS IN BAD-NEWS LETTERS:
CROSS-CULTURAL PERSPECTIVE

Ms. Neelam Patil
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ABSTRACT

In today’s era, businesses are becoming increasingly global, and there is an increased focus on the necessity of
employing suitable communication strategies that are congenial for communicators from different cultures and
regions. | An important element in this sphere is the use of indirect language for transmitting bad news in a
business letter. This study examines how indirect language functions as a courteous and mitigation strategy in
written bad-news communications and its impact on receivers’ sensitivities. Some real life business rejection
letters and related correspondence to identify indirect tactics were examined, and recipients’ reactions to
manipulated letter versions were observed. It was assumed that indirect strategies would soften the apparent
severity of the message and protect the writer’s and receiver’s image, but it could affect message clarity. The
analysis established that adopting explicit justifications and empathetic language generally increased perceived
politeness and fairness in letter writing, and more indirect formats were likely to decrease perceived clarity.
These findings emphasize preceding politeness theory predictions and support best practices for balancing
courtesy with transparency in corporate correspondence.

INTRODUCTION

Conveying bad news in writing is a common and crucial aspect of professional communication in today’s age.
Job rejections, claim denials or credit refusals are bad-news messages that often pose emotional and relational
challenges. In such situations, indirectness serves as an effective strategy that allows the writer to convey the
message clearly while minimizing unpleasantness.

Standard business communication practices recommend an indirect structure—beginning with a neutral or
positive statement, providing reasons, presenting the negative news tactfully, and closing courteously. It plays
an important role in preserving goodwill and upholding organizational reputation. Indirectness functions as a
negative-politeness strategy that softens the impact of a face-threatening act.

Although research acknowledges its importance, studies on the effectiveness of indirectness remain limited.
Evidence suggests that offering clear, relevant reasons enhances the recipient’s response, whereas excessive or
weak justifications reduce persuasiveness. Additionally, cross-cultural communication styles influence
perceptions of indirectness: high-context or collectivistic cultures (prevalent chiefly in Asian countries) tend to
favor harmony-preserving indirectness, while low-context or individualistic cultures (found primarily in
Western countries) value clarity and directness. These variations highlight the need for further systematic
exploration of indirect strategies in professional bad-news correspondence across cultures.

OBJECTIVE

In light of these observations, this research aims to investigate if, in composing a professional bad-news letter, it
is important to be sensitive yet straightforward, so that the message is not distorted or misunderstood. A study
on the influence of high-context and low-context cultures on communication style is also to be undertaken.

Prevalence of Indirect Strategies in Bad-News Letters Today

A number of studies conducted to understand the frequency with which bad news is delivered in the corporate
world. The findings point to the fact that being in organisations is indeed interspersed with bad news. A myriad
situations arise where one has to convey bad news to an unsuspecting individual, which can result in the
recipient feeling hurt, disappointed or impaired. Naturally, individuals supposed to deliver bad news are
disinclined to execute the task. They feel distraught at the thought of causing distress to the receiver of the bad
news?.

Other factors that are alarming for people who have to convey bad-news are legal implications and
consequences of delivering the message. It therefore becomes important to employ a strategy that minimises
unpleasantness and pacifies the receiver of the bad-news letter.

Structuring a bad-news letter that meets this requirement is therefore very important. Numerous studies have
been conducted to identify a suitable structure for composing bad-news letters. A majority of bad-news letters
begin on a buffer or positive opening (e.g. thanking the applicant or acknowledging a request), and at least one
apology or regret phrase. Subsequently, the reason or rationale behind the bad news is given, which may be
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further followed by a positive or reconciliatory input such as an alternative or future consideration.A writer can
also consider the importance of using positive words and avoid negative, unfriendly tone. Also, the ending
should enable you to steer the discussion toward positivity. *

It is also important to consider the fact that constructing a bad-news message can also depend on the writer’s
purposes and audiences. The writer can also select the pattern of the message based on the situation.*

Role of Indirectness in Influencing Reader Perception

Several studies on indirectness in bad-news letters have shown that it has a perceptible impact on how receivers
perceive such messages. While some business correspondences like goodwill messages use the direct approach,
it is advisable to use the indirect method in bad news letters. Bad-news letters that employ greater indirectness
have been seen as more polite and empathetic but low on clarity. Such letters are regarded as slightly more
trustworthy.

Additional explanations and apologies in letters indicate possibilities of enhanced goodwill, but wedged in less
clarity and directness. Experts Jansen and Janssen state that the indirect approach is effective in conveying bad
news because providing explanation makes the receiver understand the point and thinking of the writer. 3

Culture Differences and Indirectness in Bad-news Letters

Cultural communication styles play an instrumental role in determining how indirectness is interpreted and
incorporated in different regions and societies. Communicators in high-context or collectivistic cultures
(predominantly in Asian nations) are inclined to rely on contextual cues and shared understanding rather than
clear articulation. In high-context cultures, indirectness is perceived as a means of maintaining social harmony
and protecting interpersonal image. Indirect expressions make it possible for individuals to convey unpleasant
information discreetly, which allays damage to relations.

On the other hand, low-context or individualistic cultures, which is prevalent in Western societies prefer clarity,
efficiency, and direct expressions. Here, directness is usually appreciated as honesty, competence and
transparency, while extreme indirectness may be considered as insincere or elusive. Subsequently, for
delivering bad news, professional correspondence in Western regions tend to pursue structured transparency and
balancing.

These cross-cultural dissimilarities reveal that perceptions of indirectness are influenced by culture. On one
hand, a message can be perceived as tactful and considerate in one culture while it may be dismissed as
ambiguous or unprofessional in another. These variations between high-context and low-context orientations
may create misunderstandings or resentment in intercultural business or organizational contexts.

Cultural differences throw light on how recipients responded to the bad-news letters. It was observed that
Americans value clarity and directness while East Asian communicators did not seem keen to appreciate
directness in letters. Overall, it can be concluded that indirectness mitigates negative responses. It softens the
disappointment but can diminish clarity.

CONCLUSION

On the basis of the analyses that this research endeavour has conducted, it has been concluded that indirectness
in professional bad news letters is like a double-edged sword. Indirect language and expressions generally
lessen negative responses. At the same time, it can make the message less immediately clear, which can cause
inconvenience to readers who adhere to direct communication. It will be helpful for writers to employ
indirectness when sustaining goodwill is crucial, and relaxing it when transparency is the need of the hour. For
bad-news letters to be effective, writers should elaborate adequately and be empathetic. The letter should also
be clear in its approach and avoid vagueness. Culture differences should also be taken into account o appreciate
the intention of the writer as it is bound to be influenced by the culture they come from.
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ABSTRACT

The Indian income tax system offers individual taxpayers a choice between the traditional “old” tax regime,
rich in deductions and exemptions, and the streamlined “new” regime introduced under Section 115BAC. With
significant updates announced in Budget 2025—including revised tax slabs, enhanced standard deductions, and
higher rebate thresholds—this study analyzes how these changes influence individual investment decisions. The
paper provides a comparative analysis of tax liabilities under both regimes across various income levels and
investment behaviors. Using hypothetical taxpayer profiles, the research evaluates which regime offers greater
tax efficiency and under what conditions. Findings reveal that while the new regime favors individuals with
minimal deductions and prioritizes simplicity, the old regime remains advantageous for those with substantial
tax-saving investments and eligible exemptions. The study concludes that the optimal tax regime is highly
dependent on personal financial planning, investment strategy, and the taxpayer’s ability to leverage available
deductions. These insights are critical for individual investors aiming to maximize after-tax income in FY 2024—
25 (AY 2025-26), as well as for policymakers seeking to balance tax compliance with economic incentives for
investment.

INTRODUCTION

In recent years, India's tax landscape has undergone significant transformation, particularly with the
introduction of the new income tax regime under Section 115BAC of the Income Tax Act. First introduced in
FY 2020-21 and further revised in Budget 2023 and Budget 2025, the dual-regime system now offers individual
taxpayers a choice: continue under the old regime with numerous deductions and exemptions or opt for the new
regime, which features lower slab rates but removes most exemptions. This shift is aimed at simplifying the tax
system, increasing compliance, and reducing dependency on tax-saving investments for lowering tax liability.

The 2025 Union Budget has made the new tax regime the default option, with revised tax slabs, a higher
standard deduction of ¥75,000 for salaried individuals, and an enhanced rebate under Section 87A for incomes
up to 12 lakh. While these changes have made the new regime more attractive to certain segments, the old
regime still remains a viable option for those who can fully utilize deductions under Sections 80C, 80D, home
loan interest, and House Rent Allowance (HRA), among others.

This dual-framework structure has introduced complexity into the tax planning process, particularly for
individual investors. Their choice of regime significantly impacts not only their tax liability but also their
financial behavior—specifically, decisions related to savings, insurance, real estate, and long-term investments.
With the new regime discouraging investment-based deductions, the incentive structure for tax-saving
instruments has shifted, prompting many to reconsider their traditional investment patterns.

This paper aims to conduct a comparative analysis of the old and new tax regimes as applicable in Assessment
Year (AY) 2025-26, focusing specifically on how they affect individual investment decisions. By examining a
variety of hypothetical income and investment profiles, this study seeks to answer the critical question: which
tax regime better serves the financial interests of individual taxpayers under different circumstances?

Through this analysis, the research will offer data-driven insights to help individuals make informed decisions
and guide policymakers in understanding the broader behavioral impact of tax policy changes on household
savings and investment patterns.

OBJECTIVES
1. To analyze and compare the key features of the old and new tax regimes applicable to individual taxpayers
in FY 2024-25 (AY 2025-26).

2. To assess the impact of each tax regime on individual tax liability across different income levels and
investment profiles.

3. To evaluate how the availability or removal of deductions and exemptions influences investment behavior
under both tax regimes.
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4. To identify which tax regime offers greater tax efficiency and savings for various categories of individual
investors.

5. To provide a decision-making framework for individual taxpayers to choose the most beneficial regime
based on their income, deductions, and investment goals.

6. To explore the broader behavioral and policy implications of regime choice on personal financial planning
and long-term savings trends in India.

Scope of Study

This study aims to explore the comparative effects of India’s dual tax structure—the old and the new income tax
regimes—on individual taxpayers’ investment decisions for the financial year 202425 (assessment year 2025—
26). With the 2025 Union Budget making key changes to tax slabs, deductions, and rebate structures, there is
growing confusion among individual taxpayers regarding which regime is more beneficial. Hence, the scope of
this study is carefully defined to evaluate these two systems in the context of individual income levels,
investment capacity, and eligibility for deductions.

1. Population and Respondents

The scope of this study is limited to individual taxpayers in India, specifically:
e Salaried employees

e Pensioners

Professionals (with non-business income)

Self-employed individuals (non-corporate)

The study does not include companies, partnership firms, LLPs, or HUFs. It also excludes NRIs (non-resident
Indians) and senior citizens (aged 60 and above), whose tax slabs differ.

2. Financial Year and Regulatory Framework

The research focuses exclusively on Financial Year 2024-25 (Assessment Year 2025-26), based on:
e Income tax provisions as per the Finance Act, 2025

e Section 115BAC of the Income Tax Act
Applicable circulars, notifications, and CBDT guidelines available as of 2025

All comparisons and calculations are made using the latest income tax slabs, standard deductions, exemptions,
and rebates applicable during this period.

3. Comparative Focus

This research analyzes:

=> The Old Tax Regime: Which includes multiple deductions and exemptions such as:
@ Section 80C (PPF, ELSS, LIC, etc.)

@ Section 80D (health insurance)

4 Home loan interest (Section 24)

4 House Rent Allowance (HRA)

@ Leave Travel Allowance (LTA)

4 Standard Deduction (50,000)

-> The New Tax Regime: Under Section 115BAC, which:

# Offers reduced slab rates

@ Has a higher standard deduction (275,000 as per Budget 2025)

€ Removes most traditional deductions and exemptions

@ Provides enhanced rebate for income up to %12 lakh under Section §7A

The study uses these features to compare total tax liability under both regimes across different profiles.
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4. Investment Behavior Analysis

One of the core aspects of this study is how investment decisions are influenced by the choice of tax
regime. It evaluates:
o Whether individuals are motivated to invest in tax-saving instruments under the old regime.

o Whether the new regime’s simplified structure discourages long-term tax-saving investments like PPF,
ELSS, or life insurance.

e How tax planning strategies shift when deductions lose their significance under the new regime.
e How disposable income changes based on the regime selected and its impact on consumption vs savings.
5. Hypothetical Taxpayer Profiles

To ensure a thorough analysis, the study simulates and compares different taxpayer scenarios based on:
e Varying income levels (X5 lakh, 210 lakh, X15 lakh, 320+ lakh)

e Varying investment capacity (low, moderate, and high)
e Use of exemptions/deductions (full utilization vs none)
e Tax-saving behavior, i.e., reliance on Section 80C, health insurance, HRA, etc.

This comparative modeling provides practical insights into how different individuals may benefit from one
regime over the other.

6. Exclusions and Limitations

The scope does not include the following:
e Business income and taxation under presumptive taxation schemes (Section 44AD/ADA)

e Taxation of capital gains, dividend income, or income from other sources
e Effects of surcharge and marginal relief for very high-income individuals
e State-specific taxes or exemptions

e Senior citizen and NRI taxation provisions

Further, this study does not offer personalized financial advice but aims to provide a general decision-making
framework.

7. Geographic and Sectoral Neutrality

This study is pan-India in scope, without limiting itself to any particular geographic region, city, or economic
sector. However, most examples are modeled on typical middle- and upper-middle-class salaried individuals, as
they are most likely to face the dilemma of choosing between regimes.

LITERATURE REVIEW

This section reviews the existing academic and practitioner-literature on the comparison of India’s old and new
tax regimes, focusing on how they influence individual investors’ decisions, preferences, savings behaviour, and
tax liabilities. The literature includes surveys, news analyses, and policy commentary up to early 2025.

A number of recent surveys have assessed which regime individual taxpayers prefer and what factors affect
their choices.

e PolicyBazaar “India’s Investment Readiness” Survey (2023)

This survey (= 1,263 respondents across 350 cities) found that 63% of taxpayers continue to favour the old
regime, with 37% choosing the new — primarily because the old regime offers deductions and the possibility of
lower net tax burden through long-term savings instruments. It also found that 71% of respondents make their
regime choice based on actual calculation, not just defaults. Among preferred tax-saving instruments, Public
Provident Fund (PPF) and life insurance (including ULIPs) were top picks.

e Demographic Trends
Younger taxpayers (18-30), surprisingly, also show a preference for the old regime in many cases, citing
long-term investment incentives.

Among salaried vs business taxpayers: salaried prefer old regime more than businesspersons, who tend to value
new regime advantages (liquidity, fewer formalities).
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e Regional / City / Income Differences

Tier-1 city respondents lean more toward old regime; in Tier 2 and 3 cities the preference is somewhat lower
but still a majority. Those in income brackets above Z7.5 lakh per annum show stronger preference for old
regime, likely because they are more able to leverage deductions and exemptions.

RESEARCH METHODOLOGY

Research Design

This study adopts a comparative and descriptive research design to analyze how the old and new income tax
regimes in India (as applicable in FY 2024-25 / AY 2025-26) affect individual investment decisions. The
design is aimed at systematically comparing the tax liability, benefits, and behavioral impact of both regimes
across a range of taxpayer profiles.

Objectives Recap

The research methodology is framed in accordance with the following key objectives:
e To compare the structure of both tax regimes.

To assess the impact of each regime on tax liability across income groups.

To analyze how deductions and exemptions influence investment behavior.

e To provide guidance for individual taxpayers in choosing the optimal regime.
DATA COLLECTION METHODS

Secondary Data

The study relies heavily on secondary data from credible sources such as:
e Government websites: Income Tax Department (incometax.gov.in), Ministry of Finance

e Budget 2025 documents and Finance Act, 2025

e CBDT circulars and Section 115BAC provisions

e News reports and survey data (e.g., Business Today, Economic Times, Moneycontrol)
e Tax calculators and financial planning tools

These sources are used to extract updated tax slab information, deduction limits, and comparative statistics on
regime preferences.

CONCLUSION

The comparison of India’s old and new individual tax regimes for 2025 shows a clear trade-off: the new regime
offers simpler, lower nominal tax rates but removes most traditional deductions and exemptions, while the old
regime continues to favour tax-sheltered saving through instruments and allowances (e.g., Section 80C, HRA,
Section 80D). This structure means that the nominal tax burden under the new regime can be lower for many
taxpayers, but the after-tax attractiveness of specific investment products (PFs, ELSS, life insurance, tax-saving
FDs, etc.) is reduced because their tax benefits largely disappear under the new slabs.

Empirically and behaviorally, the new regime has shifted investor preferences away from traditional “tax-
saving” instruments toward products chosen for pure risk-return or liquidity characteristics; higher-income and
older taxpayers are more likely to retain tax-motivated investments under the old regime, while younger or
lower-income taxpayers often opt for the simplicity of the new regime. This has implications for household
asset allocation: financial advisers must now evaluate investment choices primarily on post-tax returns and
goals rather than tax sheltering alone.

For individual decision-making the practical rule is: evaluate both regimes on a case-by-case basis (compute tax
liability under both), but go beyond headline slabs — compare the net expected returns of intended investments
after tax, factor in liquidity needs, and consider behavioral comfort with paperwork and compliance. Middle-
income salaried households who routinely use 80C/80D/house-loan interest deductions may still find the old
regime beneficial, whereas those without such deductions often benefit from the new regime’s lower slab rates
and higher standard deduction.

Policy and advisory implications: (1) policymakers should monitor whether the removal of deduction-linked
incentives undermines socially desirable saving (e.g., health insurance, retirement provision) and consider
targeted measures if needed; (2) increased taxpayer education and easy, online comparison tools are essential so
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individuals can choose the regime that maximizes their welfare; and (3) advisors and robo-advice platforms
should shift emphasis to after-tax optimisation and goal-based planning rather than defaulting to tax-saving
product pushes.

Limitations of this study include changing yearly slab updates and behavioral heterogeneity across regions and
age cohorts; continued monitoring (with larger, longitudinal samples) is recommended to capture dynamic shifts
in investment flows and to measure the long-run policy effects on household financial resilience.

Overall conclusion: the 2025 tax frameworks make a simpler, lower-rate option available but do not eliminate
the value of tax-aware planning. Individual investors who explicitly model after-tax outcomes and match their
investments to financial goals (rather than tax incentives alone) will be best placed to benefit under either
regime.
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ABSTRACT

Artificial Intelligence (Al) has emerged as a transformative force, reshaping industries, economies, and
societies worldwide. While Al promises enhanced productivity, efficiency, and innovation, it also poses
challenges to employment patterns and the relevance of traditional skill sets. Globally, Al adoption is

accelerating across sectors such as healthcare, finance, education, and manufacturing, altering the very nature
of work.

In India, where the workforce is large, young, and diverse, the implications are profound. On one hand, Al-
driven automation can displace millions of low- and mid-skill jobs; on the other, it has the potential to generate
new opportunities in technology, entrepreneurship, and innovation. This duality demands careful examination,
especially in a developing economy that is balancing modernization with employment generation.

This research paper explores the global and Indian impact of Al on employment and skill development. It
critically reviews scholarly and industry literature, analyzes sector-wise trends, and offers policy
recommendations to ensure that Al-driven growth is inclusive and sustainable.

Keywords: Artificial Intelligence, Employment, Future of Work, Skill Development, Automation, Workforce

INTRODUCTION

Artificial Intelligence (Al) represents the core of the Fourth Industrial Revolution. Unlike earlier industrial
transformations, which replaced manual labor with machines, Al goes beyond physical automation to cognitive
tasks such as decision-making, predictive analytics, and even creative functions. This makes Al uniquely
powerful, as it can replace not just routine physical labor but also knowledge-based roles.

Globally, countries like the United States and China are investing heavily in Al research and patents, driving
innovation across industries. Europe has focused on Al ethics and regulation, ensuring responsible adoption.
The World Economic Forum’s (2023) Future of Jobs Report estimates that by 2025, machines will perform
more tasks than humans in some industries, fundamentally altering employment landscapes.

India presents a unique case. As the world’s most populous country with over 65% of its population under the
age of 35, India has both an opportunity and a challenge. The IT sector positions India as a global leader in
digital services, yet automation threatens traditional IT roles. The manufacturing sector, which aspires to absorb
millions through “Make in India,” faces disruption from Industry 4.0 technologies like robotics and IoT.
Informal workers, who form over 80% of India’s labor force, risk exclusion if skill gaps remain unaddressed.

The critical question is whether India can harness Al to create meaningful employment or whether it will
deepen inequalities. This paper addresses this question by analyzing Al’s impact on work and skills.

Objectives of the Study
1. To critically examine the global and Indian impact of Al on employment opportunities.

2. To analyze sector-specific disruptions caused by Al adoption.
3. To identify the emerging skills and competencies required in the Aldriven era.
4. To recommend policy interventions for education, industry, and government to ensure inclusive growth.

LITERATURE REVIEW

Scholarly and industry literature presents contrasting views on Al and employment. Brynjolfsson & McAfee
(2017) highlight that AT amplifies productivity but widens inequality by disproportionately benefiting highly
skilled workers. Autor (2015) argues that technology displaces some jobs but simultaneously creates others that
require new skills.

The World Economic Forum (2023) predicts that 85 million jobs may be displaced globally by automation by
2025, but 97 million new roles may emerge in data analysis, Al development, and green technologies.
McKinsey Global Institute (2022) identifies healthcare, education, and logistics as highpotential growth areas
for Al-driven employment.
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In India, NITI Aayog’s #AlforAll strategy (2021) emphasizes inclusive growth through Al by enhancing
skilling, healthcare, and agriculture. NASSCOM (2023) reports that 60% of the Indian IT workforce requires
reskilling in the next five years to remain competitive. Deloitte (2021) stresses that Al-driven companies are
more likely to innovate but face workforce challenges in adoption.

Theoretical perspectives diverge:
» Technological Displacement Theory (Keynes, 1930) suggests that automation inevitably reduces
employment.

» Creative Destruction Theory (Schumpeter, 1942) argues that innovation simultaneously destroys old
industries while creating new ones.

For India, the debate centers on whether the country can shift its vast workforce quickly enough into new, Al-
compatible roles.

RESEARCH METHODOLOGY
This study adopts a descriptive and exploratory approach.

» Data Sources: Secondary sources including reports by WEF, McKinsey, NITI Aayog, NASSCOM, academic
journals, and government publications (2018—-2024).

» Scope: Focus on global Al trends with specific emphasis on India.

+ Analysis: Comparative framework to study job displacement vs. job creation, and identification of emerging
skill sets.

« Limitations: Reliance on secondary data, difficulty in predicting longterm impacts due to the evolving nature
of AL, and absence of primary survey data.

DISCUSSION

1. Sector-Wise Impact
« IT & Software: Routine coding and maintenance jobs are increasingly automated, but demand rises for
advanced programming, Al model development, and cybersecurity.

* Manufacturing: Industry 4.0 (robotics, loT, automation) reduces assembly-line jobs but creates new
opportunities in robotics maintenance, system integration, and smart factories.

» Healthcare: Al-driven diagnostics, telemedicine, and drug discovery enhance efficiency. Indian startups like
Qure.ai use Al for radiology, creating roles for data scientists and clinical Al experts.

+ Banking & Finance: Al adoption in fraud detection, chatbots, and credit scoring displaces clerical jobs but
creates demand for Al auditors, compliance experts, and FinTech developers.

» Education: EdTech platforms employ Al for adaptive learning, but educators must transition from rote
teaching to Al-assisted mentorship roles.

[\

. Opportunities
Growth of Al entrepreneurship and startups.

Hybrid job roles requiring both domain knowledge and Al expertise.

Creation of new career paths in Al ethics, auditing, and governance.

w

. Challenges
+ Job displacement for low- and mid-skill workers.

+ Skill mismatch due to outdated curricula.
+ FEthical concerns including surveillance, privacy, and algorithmic bias.
+ Urban-rural digital divide in Al adoption.

4. India vs. Global Comparison
While developed countries dominate Al R&D and patents, India lags in innovation. However, India’s
demographic dividend and large talent pool can be harnessed if skilling initiatives scale effectively.
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FINDINGS
1. Al simultaneously displaces and creates jobs, with transition costs especially high for mid-career
professionals.

2. India requires large-scale reskilling programs to prepare workers for Alrelated opportunities.
3. Cross-sector collaboration among government, academia, and industry is critical.

4. Global experiences show that Al adoption favors highly skilled economies; India risks exclusion without
policy intervention.

CONCLUSION AND SUGGESTIONS
Al presents a paradox: it has the potential to revolutionize productivity but also threatens to exacerbate
inequalities. For India, the challenge is urgent, given its young and diverse workforce.

Policy Recommendations:

* National Al Skilling Mission: Integrate Al into school and higher education curricula.

* Rural Digital Literacy: Expand infrastructure and training in rural India.

* Reskilling Incentives: Encourage firms to invest in workforce upskilling through tax benefits.
* Ethical Al Regulation: Develop frameworks for transparency, accountability, and fairness.

* Public-Private Partnerships: Promote collaboration for Al R&D, training centers, and industry-specific
curriculum development.

If India adopts proactive measures, it can harness Al as a driver of inclusive growth and sustainable
employment.
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ABSTRACT

Artificial Intelligence (Al) has emerged as a transformative technology for cybersecurity. Traditional systems
relying on static signatures and rule-based mechanisms are proving insufficient against modern cyber threats
such as ransomware, phishing, zero-day exploits, and advanced persistent threats (APTs). Al brings
adaptability, predictive analytics, and automation to cybersecurity, enabling faster detection and mitigation of
attacks.

This research paper goes beyond reviewing existing studies by proposing a new conceptual framework: a Multi-
Layer Al Cybersecurity Model that integrates Al-driven anomaly detection, blockchain-secured audit trails, and
quantum-resistant encryption. The framework is validated using case-based analysis of real-world attacks such
as the WannaCry ransomware[10] outbreak, the SolarWinds[11][12] supply chain compromise, and recent
healthcare data breaches. Comparative evaluation demonstrates how the proposed model offers greater
resilience, transparency, and future-readiness compared to existing Al and traditional methods.

The findings highlight that while Al alone cannot eliminate cyber risks, integrating Al with blockchain trust
mechanisms and preparing for quantum threats provides a sustainable pathway to secure digital
ecosystems[5][6][13]. This research contributes a novel model, practical case-based insights, and a foundation
for future experimental validation, positioning Al not just as an enhancement but as a core architectural
element of cybersecurity.

I. INTRODUCTION

The digital transformation of the 21st century has interconnected every aspect of society, ranging from global
finance to healthcare and government services. While this transformation has brought unprecedented
convenience, productivity, and economic growth, it has simultaneously created complex vulnerabilities.
Cybercrime has evolved into a trillion-dollar industry, with global damages projected to exceed USD 10.5
trillion annually by 2025 [14]. This alarming trend has positioned cybersecurity as one of the most pressing
technological and policy challenges of our time.

Cyberattacks today are no longer random or opportunistic; they are highly sophisticated, targeted, and
persistent. Attacks such as ransomware, phishing, zero-day exploits, and advanced persistent threats (APTs) are
designed to bypass traditional defense systems. For example, ransomware attacks like WannaCry (2017)[10]
spread across 150 countries within days, crippling hospitals, banks, and corporations. Similarly, the
SolarWinds [11][12] supply chain attack (2020) compromised trusted government and enterprise software,
proving that even highly secured networks are vulnerable.

Traditional cybersecurity tools, which primarily rely on signature-based detection and rule-based intrusion
prevention, are increasingly insufficient. These systems fail against zero-day threats and generate large
numbers of false positives, overwhelming human analysts. Hence, there is a critical need for intelligent,
adaptive, and scalable defense mechanisms that can proactively detect and respond to threats.

Artificial Intelligence (Al) has emerged as a powerful enabler of next-generation cybersecurity. By leveraging
machine learning (ML), deep learning (DL), and reinforcement learning (RL), Al systems can analyze
massive datasets, identify anomalies, and predict attacks before they escalate. Beyond detection, Al enables
automation, reducing reliance on human intervention for repetitive monitoring and compliance tasks. However,
while Al provides enhanced detection capabilities, it does not fully address the concerns of trust,
transparency, and resilience against future threats such as quantum computing [5][6][13].

This research identifies a gap in current cybersecurity approaches: the absence of an integrated, multi-layer
framework that combines the predictive capabilities of Al with the trust guarantees of blockchain and the
future security assurances of quantum-resistant cryptography.

Research Problem
How can a multi-layer Al-driven cybersecurity framework improve resilience, transparency, and future
readiness compared to traditional and existing Al-based solutions?
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Research Objectives
This paper aims to:

e Propose a novel Multi-Layer Al Cybersecurity Framework integrating anomaly detection, blockchain-
secured audit trails, and quantum-resistant encryption.

e Validate the framework through case-based analysis of real-world cyberattacks.
e Compare the proposed model against traditional systems and standalone Al approaches.
e Highlight the implications for organizations, policymakers, and future research.

By addressing these objectives, the paper contributes original research that positions Al not merely as a tool
but as a core architectural element of cybersecurity, ensuring both present-day defence and future resilience.

II. LITERATURE REVIEW

The use of Artificial Intelligence (Al) in cybersecurity has grown into a major area of academic and industry
research over the last two decades. Researchers have developed Al-based models to address a wide range of
security challenges, including intrusion detection, malware detection, phishing prevention, and fraud
detection. While the effectiveness of Al in these domains has been demonstrated, significant gaps remain in
terms of integration, trust, and future-readiness.

A. Intrusion Detection Systems (IDS)

Early research in cybersecurity focused on signature-based IDS, which relied on predefined patterns of
malicious activity. These systems were effective against known threats but failed against zero-day exploits. To
overcome this limitation, Al techniques such as decision trees, support vector machines (SVMs), and
random forests were introduced.

For example, Folorunso et al. (2024) showed that machine learning-based IDS significantly outperformed rule-
based detection in identifying novel attacks. More recently, deep learning models, including convolutional
neural networks (CNNs) and recurrent neural networks (RNNs), have demonstrated high accuracy in real-
time detection of complex attack patterns [7]. However, despite high detection accuracy, these systems often
lack explainability and are vulnerable to adversarial Al attacks, where small manipulations in input data can
trick the model [9].

B. Malware and Phishing Detection

Malware detection is another area where Al has made substantial contributions. Ensemble learning techniques
and feature-based classification have been employed to identify malicious software variants. Al-based
phishing detection systems analyze features such as URL structure, email headers, and user behavior, achieving
detection rates above 95% accuracy [6].

Nonetheless, these models face challenges in adapting to evolving attacker strategies. Adversaries
continuously modify phishing techniques, making static Al models less effective over time. This highlights the
need for adaptive, continuously learning systems that evolve with emerging threats.

C. Fraud Detection in Financial Systems

Al has also been widely used in financial fraud detection, where it enables real-time monitoring of billions of
transactions. Adewusi et al. (2024) demonstrated that combining supervised and unsupervised learning
approaches allows banks to detect anomalies that may indicate fraud within seconds[1].. These systems not only
reduce fraud losses but also minimize false alarms, improving efficiency in banking operations

While highly successful, financial AI systems are often criticized for being “black boxes” with limited
interpretability. Trust and accountability remain critical issues, particularly when financial institutions must
explain automated decisions to regulators and customers.

D. Blockchain and Trust in Cybersecurity

Blockchain has emerged as a complementary technology to Al in addressing issues of trust and transparency.
Its immutable, decentralized ledger ensures tamper-proof logging of system events. Research has explored
blockchain applications in secure data sharing, access control, and IoT device authentication. However,
blockchain integration in Al-driven cybersecurity frameworks is still at an early stage. Most studies address
blockchain and Al separately rather than combining them for a holistic defense [5].
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E. Quantum-Resistant Cryptography

With the advent of quantum computing, traditional cryptographic algorithms such as RSA and ECC face
obsolescence. Researchers have begun developing post-quantum cryptographic algorithms based on lattice
problems, hash functions, and multivariate equations. While these algorithms are theoretically promising,
practical implementations remain limited. Current research lacks integration between Al-based defense
mechanisms and quantum-resilient encryption models, creating a gap in preparing cybersecurity
infrastructures for the quantum era [3].

F. Research Gap
From this review, three key gaps emerge:

¢ Fragmentation — Most Al models address isolated problems (IDS, phishing, or fraud) but fail to provide a
comprehensive cybersecurity framework.

¢ Trust Deficit — Al systems lack transparency, and adversarial attacks undermine confidence in their outputs.
Blockchain offers solutions, but integration with Al is underexplored.

¢ Future Readiness — Current Al-cybersecurity systems are not designed with quantum threats in mind,
leaving long-term security uncertain.

Summary

The literature demonstrates that Al has significantly advanced cybersecurity capabilities. However, existing
approaches remain fragmented, opaque, and vulnerable to emerging threats. This paper addresses these
gaps by proposing a Multi-Layer Al Cybersecurity Framework that integrates:

Al for real-time anomaly detection, Blockchain for trust and transparency, and Quantum-resistant
encryption for future-proof security.

This integrated approach distinguishes the present research from prior studies and forms the basis for the
framework and case study analysis presented in later sections.

III. RESEARCH METHODOLOGY

The methodology adopted in this study is conceptual and case-based research, supported by comparative
analysis. Unlike purely experimental studies that rely on datasets and numerical evaluation, this research
focuses on designing an original conceptual framework and validating it through real-world case
applications. This ensures both theoretical novelty and practical relevance.

A. Research Design
The research follows a three-stage design:

Framework Development
A Multi-Layer AI Cybersecurity Model is proposed.

It integrates three distinct but complementary technologies:
Al-driven anomaly detection (real-time predictive analysis).
Blockchain-secured audit trails (immutability and trust).
Quantum-resistant encryption (future-proof security).

Case-Based Validation
The framework is applied to real-world cyberattacks such as WannaCry (2017), SolarWinds (2020), and
healthcare ransomware attacks (2023).

The objective is to demonstrate how each layer of the framework would have mitigated or reduced the
impact of these attacks.

Comparative Analysis
The performance of the proposed framework is compared against traditional cybersecurity systems and
existing Al-driven approaches.

Evaluation parameters include detection speed, transparency, trust, scalability, adaptability, and future
readiness.
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B. Research Approach
The approach combines conceptual modeling with case study analysis, making it suitable for fields where
real-world experimentation is resource-intensive or restricted due to security concerns.

Conceptual Contribution: Proposing the Multi-Layer Al Cybersecurity Model.

Applied Contribution: Validating the model against real-world cyberattack scenarios.

Analytical Contribution: Comparing outcomes with existing methods through structured evaluation.
This mixed approach strengthens the research by providing both original theory and practical evidence.
C. Research Flow

The following flow outlines the methodology:

Problem Identification — Cybersecurity threats exceeding the capacity of traditional defenses.

Gap Analysis — Existing Al methods are fragmented, lack transparency, and are not quantum-ready.
Framework Proposal — Multi-Layer Al Cybersecurity Model.

Case Study Application — WannaCry, SolarWinds, Healthcare data breaches.

Comparative Evaluation — Benchmarking against traditional and Al-only approaches.

Discussion & Implications — Practical value, challenges, and policy considerations.

D. Justification of Methodology

Why Conceptual?
The novelty lies in developing an integrated framework that has not been addressed in prior studies.

Why Case Studies?
Case studies of globally significant cyberattacks demonstrate the practical applicability of the framework,
bridging the gap between theory and practice.

Why Comparative Analysis?
Without benchmarking, a framework remains conceptual. Comparative evaluation highlights the advantages
and limitations of the model, providing credibility to its effectiveness.

IV. PROPOSED FRAMEWORK

This research proposes a Multi-Layer Artificial Intelligence Cybersecurity Framework that integrates three
distinct yet complementary technologies: Al-driven anomaly detection, blockchain-secured audit trails, and
quantum-resistant encryption. Each layer addresses specific limitations in current cybersecurity approaches,
and together, they form a holistic, future-ready architecture.

The framework is designed to:
Detect threats in real time using machine learning and deep learning models.

Ensure trust, transparency, and accountability in system logging through blockchain.
Provide long-term resilience against quantum-era cryptographic attacks.

A. Layer 1 — Al-Driven Threat Detection

Traditional intrusion detection systems (IDS) and antivirus software are reactive in nature, relying on known
signatures or rules. They fail against zero-day exploits and generate high numbers of false positives. Al
enhances detection capabilities by learning patterns of both normal and abnormal behavior.

Techniques Used

Supervised learning (SVM, Decision Trees, Random Forests) for labeled attack datasets.

Unsupervised learning (K-means clustering, DBSCAN) for anomaly detection without prior knowledge.
Deep learning (CNNs, RNNs, Autoencoders) for detecting complex attack sequences.

Reinforcement learning (RL) for adaptive defense systems that improve over time.

Advantages
Real-time detection of unknown threats.
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Reduced false positives through continuous learning.
Scalability across large, distributed networks.

Limitations Addressed
Traditional systems fail against evolving attacks.

Al introduces adaptability, but lacks trust and transparency — addressed by Layer 2.

B. Layer 2 — Blockchain-Secured Audit Trails

One of the major challenges with Al-based security systems is the trust deficit. Al models often operate as
“black boxes,” making it difficult to verify or explain their decisions. Attackers may also manipulate logs or
delete traces of their activities. Blockchain addresses these issues by creating tamper-proof, immutable audit
trails.

How It Works
Every security event (e.g., detected anomaly, system response, user access) is logged into a blockchain ledger.

Each entry is cryptographically hashed and time-stamped.
Any modification attempt becomes visible across the network.

Applications in Cybersecurity
Integrity verification for software updates (e.g., SolarWinds attack mitigation).

Immutable records of security alerts for forensic analysis.
Decentralized trust in collaborative environments (banks, healthcare, government).

Advantages
Enhances transparency and accountability.

Prevents tampering with logs by attackers or insiders.
Provides verifiable evidence for regulatory compliance (GDPR, HIPAA).

Limitations Addressed
Al alone cannot ensure integrity of logs.

Blockchain strengthens trust, but cannot prevent advanced cryptographic attacks — addressed by Layer 3.
C. Layer 3 — Quantum-Resistant Encryption

The rise of quantum computing threatens current cryptographic standards such as RSA and ECC, which
underpin most cybersecurity protocols today. Studies predict that within the next two decades, large-scale
quantum computers could break these algorithms, rendering current defenses obsolete.

o Post-Quantum Cryptography (PQC)
Algorithms based on lattice problems (e.g., Learning With Errors).

Hash-based cryptography for digital signatures.
Multivariate quadratic equations for encryption.

e Integration into Framework
All critical communications (e.g., blockchain transactions, security alerts) are secured with quantum-
resistant algorithms.

This ensures that even if Al and blockchain components are future-proof in functionality, the underlying
cryptography remains secure against quantum attacks.

e Advantages
Long-term resilience in the quantum era.

Ensures confidentiality of sensitive data (e.g., healthcare, defense).

Prepares organizations for post-quantum compliance requirements.

107




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

D. Integrated Framework Workflow

The three layers interact as follows:

Detection (AI): Suspicious activity is identified using ML/DL models.

Verification (Blockchain): The detected event is logged immutably, ensuring tamper-proof evidence.

Protection (Quantum-Resistant Encryption): Secure communication of alerts and sensitive data ensures
resilience against present and future threats.

This integration forms a closed-loop defense mechanism, combining intelligence, trust, and future-
readiness.

V. CASE STUDIES

To validate the proposed Multi-Layer Al Cybersecurity Framework, this study applies it to three real-world
cyberattacks: the WannaCry ransomware outbreak (2017), the SolarWinds supply chain attack (2020),
and the Healthcare ransomware breaches (2023). These cases were chosen because they represent different
attack vectors — ransomware, supply chain compromise, and data breaches in critical infrastructure. Each case
demonstrates how the proposed framework could have prevented, mitigated, or reduced the impact of these
incidents.

Case Study 1: WannaCry Ransomware (2017)

Background

In May 2017, the WannaCry ransomware attack spread across 150 countries, affecting more than 300,000
computers within days[10]. The ransomware exploited a vulnerability in Microsoft’s Windows operating
system using the leaked EternalBlue exploit. Victims’ files were encrypted, and ransom payments were
demanded in Bitcoin. Critical services, including hospitals in the UK’s National Health Service (NHS), were
severely disrupted.

Impact

Estimated damages exceeded USD 4 billion globally.

UK hospitals had to cancel thousands of patient appointments and surgeries.
The attack highlighted how quickly ransomware could cripple essential infrastructure.

Framework Application

Layer 1 (AI Detection): Al anomaly detection would have flagged unusual traffic patterns and rapid file
encryption processes at the early stage of infection. Deep learning models trained on ransomware behaviors
could have isolated affected machines before the spread.

Layer 2 (Blockchain Audit): Immutable blockchain logs would ensure that all security alerts and system
activities were recorded, preventing attackers from covering their tracks. Forensic analysis would be faster and
more reliable.

Layer 3 (Quantum-Resistant Encryption): Although not a quantum-era attack, securing sensitive hospital and
government data with quantum-resistant encryption would ensure that even if attackers exfiltrated data, it would
remain unreadable in the long term.

Conclusion

If the proposed framework had been deployed, WannaCry’s rapid spread could have been significantly slowed,
and damage to critical infrastructure like healthcare systems could have been minimized.

Case Study 2: SolarWinds Supply Chain Attack (2020)

Background

In December 2020, the SolarWinds cyberattack was uncovered as one of the most sophisticated supply chain
compromises in history[11][12]. Attackers injected malicious code into the Orion software updates distributed
by SolarWinds, a company whose software was used by thousands of organizations, including U.S. government
agencies and Fortune 500 companies. This allowed attackers to gain unauthorized access to highly sensitive
networks.

Impact
Affected over 18,000 organizations worldwide.

Compromised agencies included the U.S. Department of Homeland Security and the Treasury Department.
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The attack remained undetected for months, highlighting the weakness of existing security monitoring.
Framework Application

Layer 1 (Al Detection): Al-based intrusion detection would have flagged abnormal traffic patterns when
compromised Orion software attempted suspicious connections. Behavioral analysis could have identified
deviations from legitimate update processes.

Layer 2 (Blockchain Audit): Blockchain-secured software update logs would ensure integrity verification.
Malicious updates could have been detected earlier, since the blockchain would reveal tampering of signed
code.

Layer 3 (Quantum-Resistant Encryption): Sensitive communications between government agencies would
remain secure against future decryption attempts, reducing long-term espionage risks.

Conclusion

The SolarWinds case highlights the importance of transparency and trust in cybersecurity. The proposed
framework, by combining Al detection with blockchain integrity verification, would provide stronger defenses
against supply chain compromises.

Case Study 3: Healthcare Ransomware Breaches (2023)

Background

In 2023, several U.S. hospital systems faced major ransomware attacks targeting electronic health records
(EHRs). Attackers not only encrypted patient data but also threatened to leak sensitive medical information
unless ransom was paid. These attacks endangered patient safety, delayed medical care, and violated privacy
regulations such as HIPAA.

Impact
Millions of patient records were exposed.

Hospitals reported losses exceeding USD 100 million in downtime and recovery costs.
Compromised systems disrupted emergency care and surgeries, endangering lives.
Framework Application

Layer 1 (AI Detection): Al-powered anomaly detection could have identified the unusual data access patterns
typical of ransomware infiltration, allowing early intervention before full-scale encryption.

Layer 2 (Blockchain Audit): Patient data access logs stored in blockchain would prevent attackers or insiders
from tampering with evidence. This would ensure accountability and provide regulatory compliance under
HIPAA.

Layer 3 (Quantum-Resistant Encryption): Encrypting medical data with post-quantum algorithms ensures
long-term protection of patient confidentiality, even if data is stolen.

Conclusion
The healthcare sector is a critical target for cybercriminals. By implementing the proposed framework, hospitals
can enhance data protection, regulatory compliance, and patient safety.

Summary of Case Studies
Across these three incidents, the proposed Multi-Layer Al Cybersecurity Framework demonstrates its ability to:

Detect anomalies in real time (WannaCry).
Ensure transparency and trust in system integrity (SolarWinds).
Protect sensitive data against long-term risks (Healthcare ransomware).

Together, these cases validate the practical applicability and necessity of the proposed framework in diverse
cybersecurity contexts.

VI. COMPARATIVE ANALYSIS

To establish the effectiveness of the proposed Multi-Layer Al Cybersecurity Framework, a comparative
evaluation is conducted against traditional cybersecurity systems (rule-based, signature-driven) and existing
Al-based systems (ML/DL-based but without blockchain or quantum integration).
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The comparison is based on 10 critical parameters that reflect the performance, adaptability, and future
readiness of cybersecurity solutions.

A. Comparative Evaluation Table

Parameter Traditional Systems Existing Al Proposed
Approaches Framework
Detection Speed Slow, reactive; relies Faster, predictive Real-time proactive
on known signatures detection
Accuracy High false positives High accuracy, but High accuracy with
& negatives vulnerable to adaptive Al +
adversarial attacks blockchain
verification
Adaptability Limited; requires Learns from evolving Very high;
manual updates threats continuous learning
+ layered defenses
Transparency Low; logs easily Moderate; Al is a black High; blockchain
tampered box ensures immutable
audit trails
Scalability Restricted; not suited High scalability but High scalability;
for big data resource intensive modular and layered
design
Trust & Low; prone to insider Medium; limited High; blockchain
Accountability manipulation interpretability provides tamper-
proof evidence
Compliance Weak regulatory Partial compliance Strong; blockchain-
Support alignment based logs align
with GDPR, HIPAA
Future-Readiness Weak; not resistant | Moderate; vulnerable to Strong; integrates
to quantum attacks quantum decryption quantum-resistant
encryption
Resilience Weak against zero- Good but limited by Very strong;
day and APTs black-box Al issues layered, adaptive,
and transparent
Cost-Efficiency Initially cheap but Moderate to high Higher initial cost
costly in long-term (training costs) but more cost-
breaches effective long term
due to resilience

B. Narrative Analysis

Detection Speed and Accuracy

Traditional systems operate reactively, identifying only known threats. Al enhances detection through
predictive modeling but remains vulnerable to adversarial manipulation. The proposed framework combines
AD’s predictive capabilities with blockchain verification, reducing false positives and ensuring alerts cannot
be tampered with.

Adaptability and Resilience

Rule-based systems cannot adapt to novel threats without manual updates. Al introduces adaptability through
machine learning but is often siloed. The multi-layer model enhances adaptability by combining Al learning
with immutable blockchain records, resulting in a resilient defense against zero-day exploits and APTs.

Transparency and Trust

One of the main drawbacks of Al systems is the “black box” problem — decisions are accurate but lack
explainability. Blockchain integration addresses this by providing transparent, auditable logs, which increases
organizational trust and regulatory compliance.

Future-Readiness
Traditional and current Al approaches are not quantum-safe. The proposed model addresses this by integrating
quantum-resistant encryption, ensuring security in the long-term evolution of computing capabilities.
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Cost-Effectiveness

While traditional methods appear cheaper, the costs of breaches (e.g., WannaCry, SolarWinds) far outweigh
implementation savings. Al solutions involve model training costs but may still fail against sophisticated
adversaries. The proposed framework, though more expensive initially, provides sustainable cost benefits by
preventing catastrophic breaches and ensuring compliance with future regulations.

Summary of Comparative Evaluation

The analysis demonstrates that the proposed Multi-Layer Al Cybersecurity Framework outperforms both
traditional and Al-only approaches across critical parameters. Its strength lies in integration — combining Al
intelligence, blockchain trust, and quantum readiness — to deliver a holistic, future-proof cybersecurity
solution.

VII. DISCUSSION

The application of Artificial Intelligence (Al) to cybersecurity is transforming the landscape of digital defense,
yet it introduces new complexities that must be addressed for successful adoption. The proposed Multi-Layer
Al Cybersecurity Framework provides a novel integration of Al-driven anomaly detection, blockchain-
secured audit trails, and quantum-resistant encryption, and the comparative evaluation demonstrates its
superiority over traditional and single-layer Al systems. This section discusses the practical implications,
ethical considerations, regulatory challenges, and adoption barriers of the framework.

A. Practical Implications
The framework offers multi-dimensional resilience that can be applied across industries:

e Enterprise Systems: Corporations can use Al detection for insider threats while ensuring audit transparency
with blockchain. This dual protection minimizes risks of data exfiltration and fraud.

e C(ritical Infrastructure: Power grids, healthcare systems, and defense networks face catastrophic risks if
compromised. Layered protection ensures real-time detection (Al), immutable evidence (blockchain), and
confidentiality of sensitive data (quantum-resistant encryption).

e Financial Sector: Banks and fintech companies benefit from automated fraud detection (Al) and tamper-
proof transaction logs (blockchain), ensuring regulatory compliance and customer trust.

e Government Agencies: National security organizations can enhance both transparency and long-term
security, reducing risks from espionage and state-sponsored cyberattacks.

B. Ethical Considerations
While Al brings immense benefits, it also raises ethical dilemmas:

Surveillance vs. Privacy: Al-powered monitoring can intrude on individual privacy if not carefully regulated.
Balancing security needs with civil liberties remains a global concern.

Algorithmic Bias: Al systems may inherit biases from training datasets, leading to unfair or discriminatory
outcomes. In cybersecurity, this could mean uneven threat prioritization or false accusations.

Accountability: When Al-driven systems make wrong predictions, assigning responsibility is challenging.
Blockchain can partially solve this by offering transparent records, but legal accountability frameworks are still
evolving.

C. Regulatory Challenges
The framework’s adoption is influenced by evolving legal and regulatory landscapes:

Data Protection Laws: Regulations such as GDPR (Europe), HIPAA (USA), and India’s DPDP Act (2023)
mandate strict handling of personal data. Blockchain audit trails can assist in compliance, but data
immutability conflicts with the “right to be forgotten.”

Standardization Issues: There is no unified international standard for Al in cybersecurity. Lack of
interoperability hinders global collaboration and cross-border cyber defense.

Quantum Readiness: Governments are only beginning to issue guidelines on post-quantum cryptography (e.g.,
NIST PQC standards [5], [6], [13]). Early adoption is crucial, but organizations are hesitant due to
implementation costs.
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D. Adoption Barriers
Despite its advantages, organizations may face difficulties adopting the proposed framework:

Cost of Implementation: Deploying Al systems, blockchain infrastructure, and quantum-resistant algorithms
requires high upfront investment, making adoption challenging for small to medium enterprises (SMEs).

Skill Gaps: Cybersecurity professionals often lack expertise in Al, blockchain, and quantum cryptography
simultaneously. Workforce training is critical.

Integration with Legacy Systems: Many organizations still operate on outdated IT infrastructure, which is
difficult to integrate with advanced Al and blockchain technologies.

Trust in Al Systems: Building confidence in Al-driven decisions requires explainability (XAI) and continuous
validation. Without trust, adoption will remain limited.

E. Research and Policy Implications
This research highlights the need for interdisciplinary collaboration:

For Researchers: The proposed model provides a foundation for experimental validation using benchmark
datasets (e.g., CICIDS2017, UNSW-NB15). Future studies can refine algorithms for higher detection accuracy
and lower false positives.

For Policymakers: Regulatory frameworks must evolve to accommodate blockchain-based audit trails, define
Al accountability, and enforce quantum-security standards.

For Industry: Companies should view cybersecurity not as a cost but as a strategic investment. Adoption of
layered Al-driven frameworks will enhance resilience, reduce breach costs, and build stakeholder trust.

Summary

The discussion confirms that while the proposed framework is innovative and resilient, real-world deployment
requires overcoming ethical, regulatory, and technical challenges. Addressing these challenges through
explainable AL international collaboration, and phased adoption strategies will be crucial for realizing the
full potential of Al in cybersecurit

VIII. CONCLUSION AND FUTURE WORK

Conclusion

The increasing sophistication of cyber threats has rendered traditional defense mechanisms inadequate.
Signature-based detection and static intrusion prevention systems fail to protect against zero-day exploits,
advanced persistent threats (APTs), and ransomware campaigns that continue to disrupt organizations globally.
Artificial Intelligence (Al) has emerged as a transformative force in cybersecurity, enabling predictive analysis,
anomaly detection, and automation of routine tasks. However, existing Al-based systems remain fragmented,
opaque, and ill-prepared for the quantum era.

This research contributes an original solution by proposing a Multi-Layer Artificial Intelligence
Cybersecurity Framework. Unlike prior work that treats Al, blockchain, and cryptography in isolation, this
framework integrates them into a unified, adaptive defense architecture:

Layer 1 — Al-Driven Anomaly Detection enhances real-time threat identification by leveraging machine
learning and deep learning.

Layer 2 — Blockchain-Secured Audit Trails ensures trust, transparency, and tamper-proof evidence for
regulatory compliance and forensic investigations.

Layer 3 — Quantum-Resistant Encryption prepares cybersecurity infrastructures for the post-quantum era,
ensuring the confidentiality of sensitive data long into the future [5], [6].

Through case study analysis of the WannaCry ransomware outbreak, SolarWinds supply chain compromise,
and recent healthcare ransomware breaches, this research demonstrates how the proposed framework could
have mitigated or minimized damage. The comparative evaluation further highlights its superiority over both
traditional and existing Al-based systems, particularly in terms of transparency, adaptability, trust, and
future-readiness.
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Contributions of the Research
This paper makes three major contributions to the field of cybersecurity research:

Conceptual Contribution: Introduction of a novel multi-layered framework that unifies Al, blockchain, and
quantum cryptography.

Applied Contribution: Validation of the framework through analysis of globally significant real-world
cyberattacks.

Analytical Contribution: Comparative benchmarking against traditional and Al-only approaches across
multiple parameters.

Together, these contributions position the research as a step forward in designing future-proof cybersecurity
systems.

Future Work
While the framework provides a strong conceptual foundation, further work is necessary to move toward
practical deployment:

Experimental Validation: Implementing the framework using benchmark intrusion detection datasets such as
CICIDS2017, KDD Cup 99, or UNSW-NBI15 [2] to empirically measure accuracy, precision, recall, and
resilience.

Explainable Al (XAI): Enhancing transparency by integrating explainability tools so that human analysts can
understand why an Al system flags an anomaly [8], [16].

Hybrid Blockchain Models: Investigating lightweight or permissioned blockchain models that balance
immutability with scalability and energy efficiency.

Quantum Simulation: Testing post-quantum cryptographic algorithms under simulated quantum attack
conditions to validate their long-term robustness.

Cross-Sector Pilots: Collaborating with industries such as healthcare, finance, and national security to test
adoption feasibility and regulatory compliance in real-world settings.

Global Governance Frameworks: Encouraging international cooperation to standardize Al-driven
cybersecurity protocols, ensuring interoperability and shared trust.

Final Remark

In conclusion, this research establishes that AI alone cannot secure the digital future — it must be combined
with trust mechanisms (blockchain) and quantum resilience to create a truly robust cybersecurity ecosystem.
The Multi-Layer Al Cybersecurity Framework presented in this paper provides a blueprint for organizations,
researchers, and policymakers to build upon. Its adoption will not only enhance present-day defense capabilities
but also prepare global systems for the challenges of the post-quantum era.

REFERENCES
[1] T.Sowmya, “A comprehensive review of Al based intrusion detection,” Journal / Elsevier review article,
2023. ScienceDirect

[2]  A. Thakkar et al., “A survey on intrusion detection system: feature selection, machine learning and deep
learning approaches,” Applied Intelligence, 2022. ACM Digital Library

[3] I Rosenberg, “Adversarial Machine Learning: Attacks and Defense” (long survey / ACM CSUR
preprint), 2020. arXiv

[4] B. Xi, “Adversarial machine learning for cybersecurity and computer vision,” Wiley Interdisciplinary
Reviews, 2020. ACM Digital Library

[5] NIST, “NIST Releases First 3 Finalized Post-Quantum Encryption Standards,” news release, Aug. 13,
2024. NIST

[6] NIST FIPS 203 — “Module-Lattice-Based Key-Encapsulation Mechanism Standard (ML-KEM),” FIPS
Publication (PQC standards), Aug. 2024. NIST Publications

[7] A. M. S. Saleh, “Blockchain for secure and decentralized artificial intelligence” (survey/analysis),
ScienceDirect, 2024. ScienceDirect

113



https://www.sciencedirect.com/science/article/pii/S2665917423001630?utm_source=chatgpt.com
https://dl.acm.org/doi/10.1007/s10462-021-10037-9?utm_source=chatgpt.com
https://arxiv.org/abs/2007.02407?utm_source=chatgpt.com
https://dl.acm.org/doi/10.1002/wics.1511?utm_source=chatgpt.com
https://www.nist.gov/news-events/news/2024/08/nist-releases-first-3-finalized-post-quantum-encryption-standards?utm_source=chatgpt.com
https://nvlpubs.nist.gov/nistpubs/fips/nist.fips.203.pdf?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S209672092400006X?utm_source=chatgpt.com

International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

[8]

[9]

I. H. Sarker et al., “Explainable Al for cybersecurity modeling — taxonomy and methods,” ScienceDirect
/ TNSM/Survey, 2024. ScienceDirect

NIST, “A taxonomy and terminology for adversarial machine learning” (Trustworthy/Responsible Al
report), 2025. NIST Publications

S. Ghafur et al., “A retrospective impact analysis of the WannaCry ransomware on NHS,” BMJ / PMC,
2019. PMC

North American Electric Reliability Corporation (NERC), “SolarWinds and Related Supply Chain
Compromise — White Paper,” Apr. 2021. nerc.com

Center for Internet Security (CIS), “The SolarWinds Cyber-Attack: What You Need to Know,” overview
page. CIS

Cloudflare blog / industry writeup on NIST PQC & practical implications (summary & guidance), 2024.
The Cloudflare Blog

Cybersecurity Ventures, “Cybercrime To Cost The World $10.5 Trillion Annually By 2025 (industry
report / market projection). Cybercrime Magazine

I. Rosenberg et al., “Adversarial Machine Learning Attacks and Defense” — arXiv / accepted at ACM
CSUR (backup/long version). arXiv

G. Rjoub et al., “A Survey on Explainable Al for Cybersecurity,” IEEE/ACM survey / TNSM or similar,
2023. ACM Digital Library

114



https://www.sciencedirect.com/science/article/pii/S2405959524000572?utm_source=chatgpt.com
https://nvlpubs.nist.gov/nistpubs/ai/NIST.AI.100-2e2025.pdf?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC6775064/?utm_source=chatgpt.com
https://www.nerc.com/pa/CI/ESISAC/Documents/SolarWinds%20and%20Related%20Supply%20Chain%20Compromise%20White%20Paper.pdf?utm_source=chatgpt.com
https://www.cisecurity.org/solarwinds?utm_source=chatgpt.com
https://blog.cloudflare.com/nists-first-post-quantum-standards/?utm_source=chatgpt.com
https://cybersecurityventures.com/cyberwarfare-report-intrusion/?utm_source=chatgpt.com
https://arxiv.org/abs/2007.02407?utm_source=chatgpt.com
https://dl.acm.org/doi/abs/10.1109/TNSM.2023.3282740?utm_source=chatgpt.com

International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

SUSTAINABLE DEVELOPMENT: LEGAL REGIMES

Mrs. Nimmi R. Menon
Assistant Professor, Smt. K. G. Mittal College of Arts & Commerce

ABSTRACT

Mother Earth is blessed with plenty of natural resources, which is crucial for life to maintain in this planet.
Industrial revolution has unsettled the environmental framework and its constituents in a very negative manner.
The principle of sustainable development focuses on the development that meets the needs of the present without
compromising the ability to meet the needs of the future generations. An essential requirement of this principle
is the conservation of environment and its resources. Effective environmental protection mechanism is the need
of the hour to emphasize on the concept of sustainable development.

Environment protection laws are framed by nations to protect the environment from growing degradation and
from unlawful human activities causing harm to the environment. The Constitution of India has incorporated
provisions for the preservation and conservation of the environment, and imposes obligations on the State and
citizens of India to protect the environment. Apart from this, a plethora of legislations and policies exist in India
in this aspect. These along with the judicial decisions reinforce the need for environmental justice and
sustainable development in India. This paper analyses the legal framework for the protection of the
environment, and the problems encountered in the implementation of the same along with the measures that can
be adopted for effective enforcement of environment related legislations.

Keywords: Environment, Sustainable development, Constitution of India, Judicial decisions, Legislations

INTRODUCTION

Sustainable Development can be explained in the words:
“Sustainable development is not an option! It is the only path that allows all of humanity to share a decent life
on this, one planet” — Sha Zukang

Protection of environment is fundamental to the concept of sustainable development. This is ensured through
legislations enacted by nations in their jurisdictions. These legislations act as a shield for the protection of the
natural world, thus decreasing various forms of pollution, preserving natural resources and natural areas from
devastation and keeping a check on the extinction of flora and fauna from this planet. Laws relating to
sustainable development are a crossroad of economic laws, social laws and environmental laws, three major
fields of law.

The concept of sustainable development was invented in 1983 by the Brundtland Commission, set up by the
United Nations General Assembly. The United Nations World Commission on Environment and Development
issued the Brundtland Report in 1987 which highlighted the three essential constituents of sustainable
development namely, environmental protection, economic growth and social equity. It is based on an
unassuming norm that human beings are dependent on natural environment for everything needed for their
existence and welfare.

LITERATURE REVIEW

Several books, journals, theses and websites were identified and selected for the study. The overview of
the related literature is articulated below:

According to Reyes (2001) sustainable development is understood as a social condition within a nation, in
which the needs of its population are satisfied by the rational and sustainable use of natural resources and
systems. According to Peet and Du Pisani (2006) sustainable development is defined as an evolutionary process
in which the human capacity increases in terms of initiating new structures, coping with problems, adapting to
continuous change, and striving purposefully and creatively to attain new goals.

Todaro and Smith (2006) define sustainable development as a multi-dimensional process that involves major
changes in social structures, attitudes, and institutions, as well as economic growth, reduction of inequality, and
eradication of absolute poverty. Stoddart (2011) outlines sustainability as the efficient and equitable distribution
of resources intra-generationally and inter-generationally with the operation of socio-economic activities within
the confines of a finite ecosystem. Ben-Eli (2015) sketches sustainability as a dynamic equilibrium in the
process of interaction between the population and the carrying capacity of its environment such that the
population develops to express its full potential without producing irreversible adverse effects on the carrying
capacity of the environment upon which it depends.
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Objectives

The objectives of this paper are to examine:
e The constitutional provisions, legal backgrounds and judicial interpretations relating to protection of
environment in India

e The challenges confronted in the implementation of environmental legislations and policies in India

LIMITATIONS OF THE STUDY

Based on secondary sources of information, the researcher is of the opinion that it is not completely flawless
and may not include all possible aspects. However, maximum efforts have been invested to make it
comprehensive.

RESEARCH METHODOLOGY

This paper is descriptive in nature, which is based on secondary data collected in the light of the objectives of
the paper, from various secondary sources like websites, reports, books, magazines, newspapers, research
articles etc.

FINDINGS

The Constitution of India is the fundamental document which guarantees and safeguards the rights of citizens of
India. Decent standard of living and pollution free environment is inherent in the Preamble of the Constitution
of India, which ensures socialist pattern of society.

Part III of the Constitution of India guarantees fundamental rights to the citizens of India, which are
indispensable for the development of each and every citizen. Right to a safe and healthy environment is a right
which is vital for the development of the citizen and growth of his/ her full potential. According to Article 21 of
the constitution, “No person shall be deprived of his life or personal liberty except according to procedure
established by law”. It guarantees right to life and personal liberty which has been interpreted to include the
right to enjoy pollution free air and water, right to a clean and healthy environment, thus ensuring
environmental justice and sustainable development in India. Right to healthy environment comprises various
cultural, civil, political and social dimensions, in turn protecting the fundamental elements of natural
environment, paving the way to lead a life with dignity. It includes the right to survive as a species, right to have
a reasonable quality of life and right to livelihood.

In Subhash Kumar Vs. State of Bihar (1991 AIR 420), the Supreme Court of India interpreted Article 21 of the
Constitution of India, and held that the right to life guaranteed under Article 21 covers the right to a healthy
environment, which includes the right to clean air and water.

The right to live in a healthy environment was first recognized in Rural Litigation and Entitlement Kendra Vs.
State of U.P. and others, AIR 1988 SC 2187, which is known as Dehradun Quarrying case. In this case, the
Supreme Court of India directed to stop illegal mining and addressed issues related to environment and
ecological balance. The right to live in an environment free of pollution was treated as a part of fundamental
right to life under Article 21 of the Constitution of India in the case M.C. Mehta Vs. Union of India, AIR 1987
SC 1086.

Part IV of the Constitution of India which deals with Directive Principles of State Policy is directed towards the
principles of building a Welfare State, of which healthy environment is an inevitable component. Article 47 of
the Constitution of India states that the State shall take steps to raise the level of nutrition and standard of living
of its people and improve public health, which includes the protection, preservation and improvement of
environment. According to Article 48 A of the Constitution of India, “the state shall endeavor to protect and
improve the environment and to safeguard the forests and wild life of the country.

Part IV-A of the Constitution of India, which contains the fundamental duties of citizens of India imposes duty
on every citizen to protect and preserve environment under Article 51-A (g). It states that “It shall be duty of
every citizen of India to protect and improve the natural environment including forests, lakes, rivers and wild
life and to have compassion for living creatures.”

Courts in India were flooded with environmental proceedings filed under public interest litigation under Articles
32 and 226 of the Constitution of India. The doctrine of Sustainable Development was introduced in India in the
case Vellore Citizens Welfare Forum Vs. Union of India, 1996 5 SCC 647. In this case it was highlighted that
the Polluter Pays Principle and the Precautionary Principle are crucial elements of Sustainable Development in
Indian Environmental law. The Polluter Pays Principle was rightly introduced and applied in the case, Indian
Council of Enviro-Legal Action Vs. Union of India, 1996 AIR 1446. The Constitution of India provides the
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framework for the protection and preservation of environment, the understanding of which can create awareness
and maximum public participation.

The legislations which address environmental aspects in India are Environment (Protection) Act, 1986; The
Wildlife (Protection) Act, 1972; The Forest (Conservation) Act, 1980; The Air (Prevention and Control of
Pollution) Act, 1981 and The Water (Prevention and Control of Pollution) Act, 1974.

The Environment (Protection) Act, 1986 defines environment as “Environment includes water, air and land and
the interrelationship which exists among and between air, water and land and human beings, other living
creatures, plants, micro-organism and property.

Section 268 of the Indian Penal Code 1860 defines public nuisance. Public nuisance is made punishable under
Section 290. Accordingly, any person who commits a public nuisance is liable to prosecution. It also includes
any act or omission causing damage to any person by polluting the environment.

The existing legislations and policies in India are a testimony to its robust obligation towards sustainable
development, which can be achieved by balancing environmental protection with economic growth and social
equity, towards which India is taking a leaping forward. The judicial system also has also taken paramount steps
in this direction. It has played a crucial role in upholding sustainable development, along with motivating
industrialization so that the damage to the natural environment is kept to the minimum, preserving the
environment for the present and future generations. Indian Judiciary has taken a proactive approach in the
interpretation and implementation of environmental laws, adjudication of environmental disputes, and
protection of environmental rights and determination of environmental governance.

CONCLUSION

The concept of sustainable development as mentioned in the sustainable development goals 2030 is structured
around interweaved five pillars: People, Planet, Prosperity, Peace and Partnership. The growth of one P should
sustain and balance the growth of another. Social and economic progress has to be achieved without depleting
Earth’s defined natural resources.

The unfamiliarity of the general public about pollution control rules and regulations is a major reason for
environmental pollution. Awareness programmes focusing on diverse environmental protection approaches can
help the public sustain the balance of ecosystem to a great level. This, in turn enables us to conserve the
environment, preserve the biodiversity, diminish climate change, alleviate poverty, stimulate social inclusion
and nurture long term economic growth.

All possible efforts have to be made to make these words meaningful: “Man’s paradise is on earth; this living
world is the beloved place of all; It has the blessings of nature’s bounties; live in a lovely spirit” — Atharva Veda

RECOMMENDATIONS

It is an undeniable truth that legal framework plays a crucial role in delivering environmental justice. Various
international and national laws are in place for the protection and preservation of environment. Awareness of
such legislations and its strict implementation can surely curb the ever increasing environmental abuse.

The concept of environmental democracy has to be implemented and monitored thoroughly to preserve the
quality of the environment. It involves significant participation by the general public to guarantee that natural
resources are managed effectively and fairly for the welfare of the people. It ensures that Government is
transparent and accountable in matters of environment. General public should have easy, quick and free access
to all information relating to the quality of environment and related issues. They should be provided opportunity
to participate profoundly in environmental decision making process and demanding the proper application of
environmental laws or damages. People are at the core of environmental democracy.
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ABSTRACT

Digital journalism is undergoing a significant transformation as audience behavior, advertising models, and
trust dynamics evolve. The traditional focus on maximizing page views and ad impressions—often termed the
“click economy”—is being replaced by community-driven, value-based revenue models. This study explores
how digital media organizations are shifting from advertising dependence toward reader-supported,
membership-based, and community-centric approaches. Using a qualitative case study design, it examines the
strategies of selected media startups and independent outlets to understand how they build sustainable
relationships with audiences. Findings reveal that financial sustainability now depends less on reach and more
on loyalty, engagement, and trust. The study concludes that digital journalism’s future lies in cultivating
communities that see themselves not as consumers of content but as stakeholders in its creation and
preservation.

Keywords: digital journalism, revenue models, audience engagement, community building, media startups,
sustainability

1. INTRODUCTION

For over a decade, the digital news industry has been dominated by the pursuit of clicks—measuring success
through traffic, impressions, and virality. While this model initially drove rapid growth, it soon revealed its
flaws: declining ad revenue, misinformation incentives, and loss of audience trust. In response, many media
organizations are rethinking what sustainability means in the digital age.

The emergence of community-centered journalism represents a shift from transactional engagement to relational
engagement. Rather than focusing on the number of visitors, media startups and independent publishers are now
prioritizing audience loyalty, participation, and co-creation. This reorientation has given rise to new business
models—subscriptions, memberships, reader donations, and brand-aligned partnerships—that prioritize quality
and trust over volume.

This paper examines how digital journalism is redefining its revenue logic, focusing on how community
engagement has become the cornerstone of economic and editorial sustainability.

2. LITERATURE REVIEW

2.1 The Click Economy and Its Consequences

Early digital journalism revolved around ad impressions and page views, as media outlets competed for
attention. Napoli (2011) and Anderson (2013) argue that this “attention economy” led to sensationalism,
superficial coverage, and declining trust. The “clickbait culture” prioritized quantity over quality, undermining
journalism’s credibility and long-term financial stability.

2.2 The Rise of Audience Revenue Models
In recent years, media organizations have shifted toward reader-supported revenue. According to Picard (2020),
the future of journalism depends on monetizing engagement

There are no sources in the current document. rather than exposure. Models such as subscriptions (The Ken,
The New York Times), memberships (The Guardian), and donations (The Wire) have proven effective in
fostering a sense of belonging among readers. These models align economic incentives with journalistic
values—producing credible, high-quality content for committed audiences rather than viral trends.

2.3 Community Building as an Economic Strategy

Scholars such as Jenkins (2016) and Lewis (2020) emphasize the growing importance of community
journalism—a participatory form where audiences contribute ideas, feedback, and even funding. Community-
driven approaches shift the perception of audiences from passive consumers to active collaborators. Engaged
audiences are more likely to pay, share, and advocate for the media brands they trust.

2.4 Trust and Engagement as Currency
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Trust has become a central component of sustainable media economics. When audiences feel that content
represents their interests and values, they become more willing to support it financially (Fletcher & Nielsen,
2022). Transparency, interaction, and authenticity are now critical components of modern media business
strategies.

2.5 Research Gap

While the shift toward community-supported journalism is widely acknowledged, there is limited empirical
research on how media startups operationalize community engagement into viable revenue models, especially in
the Global South. This study seeks to fill that gap through comparative case analysis.

3. RESEARCH DESIGN AND METHODOLOGY

3.1 Objectives
1. To examine the evolution of digital journalism’s revenue models from ad-based to community-supported
structures.

2. To analyze the strategies used by media startups to build and sustain loyal audiences.
3. To explore how trust and engagement contribute to long-term financial stability.

3.2 Research Questions
e What are the key limitations of the click-based advertising model in digital journalism?

e How are media organizations developing community-centered revenue models?
e What role does audience trust play in sustaining digital journalism?

3.3 Research Approach
This study employs a qualitative case study method, which allows for an in-depth understanding of complex
processes such as audience engagement, trust-building, and monetization in digital journalism.

3.4 Case Selection

The research focuses on five representative digital journalism outlets:
1. De Correspondent (Netherlands)

2. The Quint (India)

3. Axios (United States)

4. Rappler (Philippines)

5. Newslaundry (India)

3.5 Data Analysis

A thematic analysis framework is used to identify patterns related to:

e Innovation in audience monetization

Relationship-building and trust mechanisms

e Sustainability outcomes and editorial independence
4. CASE STUDIES AND ANALYSIS

Case 1: De Correspondent (Netherlands)

Model: Membership-based, ad-free journalism

Strategy: Relies on community-supported subscriptions; members participate in story research and discussion
forums.
Impact: High audience trust due to transparency and involvement.

Insight: Collaborative journalism builds loyalty and consistent revenue through inclusion.
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Case 2: The Quint (India)
Model: Hybrid model with advertising, branded content, and audience campaigns

Strategy: Strong focus on community dialogue through social platforms and engagement-driven projects like
“My Report.”

Impact: Builds brand affinity by merging social storytelling with accountability journalism.

Insight: Engaged communities on social platforms can drive long-term brand sustainability.
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Case 3: Axios (United States)

Model: Subscription newsletters and smart brevity journalism
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Strategy: Focuses on concise, value-driven communication and B2B memberships.

Impact: Combines trust, utility, and innovation in distribution, establishing a loyal professional audience.
Insight: Value-based communication—clarity and efficiency—can become a unique economic differentiator.

Case 4: Rappler (Philippines)
Model: Community-supported investigative journalism
Strategy: Uses digital networks to mobilize civic engagement and crowdfunding.

Impact: Strengthens democratic participation while maintaining independence under political pressure.
Insight: Community activism can serve as both a sustainability model and a journalistic mission.
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Case 5: Newslaundry (India)

Model: “Pay to Keep News Free” membership model (no ads)

Strategy: Transparency about revenue, open editorials, and participatory feedback.

Impact: Built one of India’s most trusted digital news brands through audience-supported funding.

Insight: Openness and mission-driven storytelling sustain credibility and revenue without ad dependence.

L

TODAY

newslaundrysfi}

The shift “from clicks to communities” marks a crucial turning point in digital journalism. As advertising-based
models decline, community-supported journalism offers a pathway toward sustainability grounded in trust,
participation, and shared values.

Successful digital media organizations recognize that audiences are not just metrics—they are stakeholders.
Building meaningful relationships with these communities through transparency, engagement, and authenticity
leads to more resilient business models.
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Ultimately, the future of journalism depends not on how many people click, but on how deeply they care. The
transformation from passive consumption to active participation signifies not just an economic shift, but a
cultural one—redefining journalism as a collaborative public good in the digital age.
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ABSTRACT

The world has made big strides in how people communicate, especially since, the internet came into use. Today,
everyone is moving towards the era of digitization and networking, which brings many benefits in areas like
ecommerce and communication.

However, suddenly it also leads to new types of criminal activities known as cybercrime.

These electronic crimes area big problem for society today. Cybercrime affects countries, businesses, and
individuals everywhere inthe world. It has spread too many areas, and millions Of people have been hurt by it.
Because e-crime is serious, affects many places, and has big Consequences, it is clear that everyone needs to
understand it better in order to fight it Effectively. This study covers what e-crime is, the different types of it,
and how it affects People. It also looks at the laws india has in place to stop cybercrime.

To stop these crimes in the virtual world, there is a need to focus on the related laws and Rules. Many laws and
steps have been created to prevent these issues, such as the it act 2000 and the national cyber security policy.
Even though the term cybercrime does not have A clear origin or legal reference, some activities like cyber
vandalism, cyber violence, and Cyber rape is not properly categorized and do not have a clear legal status
under cybercrime.

Research Objective & Design

The main objectives of the research are to analyse the cybercrimes in India with reference to the authentic data
available. The data thus obtained has been standardised, studied, and exhaustively analysed. the exclusive
objective of this paper is to know:

1. What are the types of Cybercrimes?
2. What are the Laws related to Cybercrime in India?
3. How can we prevent Cybercrimes?

Keywords: Cyber, Crime, Law, Prevention.

RESEARCH METHODOLOGY

Documentary and rational methodologies are used in the research. The information was gathered from both
primary and secondary sources. The essential data was gathered from statutes, reports, and other judicial
decisions in terms of original sources. Data will be gathered through secondary sources such as books, journals,
articles, newspapers, magazines, blogs, and the internet. All of the codes' rules, as well as the information
supplied about cybercrime in India, have been properly evaluated.

INTRODUCTION

Cybercrime is a new kind of crime that has become common in today's world. It refers to any illegal activity
that happens through computers, the internet, or other technologies covered by the "Information Technology
Act." In modern India, cybercrime is the most frequenttype of crime and has serious consequences. Criminals
not only harm society andthe government but also hide their identities very well. Skilled criminals use the
internet to carry out various illegal actions. In general, cybercrime includes any illegal act wherea computer
orthe internet is used as a tool, a target, or both. Indian courts have used the term "cybercrime" in some
cases,even though it is not clearly defined inany law passed bythe Indian government. Cybercrime isa growing
problem that comes from the overuse of technology in everyday life. People are using computers and other tech
more and more because it makes their lives easier. The internet is a vast and ever growing medium.

Examples of new cybercrimes include cyberstalking, cyberterrorism, email spoofing, email bombing, cyber
pornography, cyber defamation, and other similar crimes. Some traditional crimes can also be considered
cybercrimes iftheyare committed using a computer or the internet.

Cyber Crime: A Way Forward
Cybercrime is when people use technology to help do traditional crimes like robbery, stealing, or lying. It can
also be when someone plans to attack, like breaking into a system to get into a place they're not allowed to be.
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This can happen at the level of an individual, a government, or even a country. Right now, there isn't a strong
law or police force ready to handle a cyber-attack on a country. The main focus is on political, economic, or
military control. Cybercrime can also be things that only happen online, like sharing illegal pictures, files, or
secret information.

This group includes professional programmers who make harmful digital tools for anyone, including unknown
people and governments. These tools can be used to stop systems from working or take control of them. As
more people live their lives online, these kinds of crimes will become more common. The trend will push law
enforcement deeper into the internet.

In India, the law doesn’t have a clear definition of cybercrime.

Even the Information Technology Act of 2000, which deals with cybercrime, doesn’t give a specific definition.
But generally, cybercrime is any illegal action done through the internet or using computers.

Dr. Debarati Halder and Dr. K. Jaishankar describe cybercrime as:

“Offenses committed against individuals or groups with a criminal motive to harm the victim’s reputation or
cause physical or mental harm, or loss, to the victim directly or indirectly, through modern telecommunication
networks like the Internet (chat rooms, emails, notice boards, and groups) and mobile phones (SMS/MMS).”

We don’t have a specific definition of cybercrime, but the Oxford Dictionary says:
“Criminal activities committed via computers or the Internet.”

Cybercrime can be explained as types of crimes that are part of the usual kinds of crime, where a computer is
either being used as a tool in the crime or is actually the target of the criminal activity.

Types of Cyber Crimes:

1. Child Pornography

This is one of the worst crimes. People who do bad things online use the Internet to find and harm children all
over the world. Because the Internet is everywhere, children are easy targets for bad people. These people
pretend to be someone else online to trick kids into trusting them. They might talk to kids in chat rooms, make
friends, and get personal information from them. These bad people use the Internet to hurt kids or make them
feel like objects for sexual purposes.

2. Cyberstalking

Cyberstalking is a type of cyber-crime where a person is followed or watched online. A cyber-stalker doesn’t
physically track their victim; instead, they gather information after online interactions, harass the victim, and
use verbal threats to intimidate them. This is a violation of online privacy.

3. Spoofing
Getting one machine on a network to act as a separate computer, usually one with special access rights, allows
the attacker to access other machines across the network.

4. Denial of Service Attack
This is a type of attack where hackers try to make a computer or server stop working.

They do this by overwhelming it with too much traffic or data, which stops other machines from accessing it.
Hackers use many different ways to do this to a server.

5. Salami attack
In this fraud, the suspect makes small, unnoticed changes.

The criminal takes tiny amounts, like 2.50 dollars per month, from all the bank’s customers’ accounts and puts
it into their own account. In this situation, no account manager can detect it.

6. Computer forgery
This happens when data is altered or processed in computer records.

However, machines can also be used to carry out forgery. The availability of computerized colour laser copies
has led to a new wave of dishonest changes or copies.
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7. Credit card fraud

Modern companies easily exchange cash using computer-stored cash, which causes computer theft. Credit card
identification and personal and financial details on credit cards are often targeted by organized crime. Data-
based assets are worth much more than traditional economic assets, which can lead to a higher economic status.

8. Phishing

Modern companies easily exchange cash using computer-stored cash, which causes computer theft. Credit card
identification and personal and financial details on credit cards are often targeted by organized crime. Data-
based assets are worth much more than traditional economic assets, which can lead to a higher economic status.

9. Hacking

Hacking is when someone gets into a device without permission and changes things on it. They might do this to
keep getting into the device or change how the machine works, its purpose, or what services it offers, without
the owners knowing or agreeing.

10. Virus Dissemination
This crime happens when someone adds harmful software, like bugs, worms, or logic bombs, into a system
without permission.

These programs can remove or delete data or stop normal computer functions. This is considered illegal and is
usually called computer sabotage.

11. Threatening
The suspect sends abusive emails or contacts the survivor in chat rooms.

12. Email bombing
Sending a huge amount of emails to someone, like an individual, a company, or even email servers, which can
make the system or network stop working.

13. Data diddling
This is when someone changes raw data right before a computer uses it and then changes it back after the
computer has finished processing.

14. Virus / worms attacks
Viruses are programs that stick to a computer or a file and then spread to other files and computers on a
network.

They often affect data by changing or deleting it. Worms are different because they don’t need a host file. They
make copies of themselves and keep spreading until all the memory on a computer is used up.

15. Logic bombs
This type of crime happens when a certain condition is met.

A clear example is the Chernobyl virus, which stayed inactive most of the time and only started working on a
specific date.

16. Trojan attacks
A Trojan is a harmful program that pretends to be a legitimate software so it can hide its real purpose and cause
damage.

17. Internet time thefts
This happens when someone uses internet time that was paid for by another person without permission.

This type of cybercrime was not well known until the victim reported it. It is usually dealt with under the Indian
Penal Code and the Indian Telegraph Act.

18. Cyber Stalking

Although there is no commonly accepted definition of cyberstalking, it is generally characterised as a
cybercriminal's repeated acts of harassing or threatening behaviour directed at a victim via the Internet. Stalking
is defined as repeated acts of harassment directed at a victim, such as following them, making harassing phone
calls, murdering the victim's pet, vandalising their property, and leaving written messages or objects.

19. Cybersquatting
Obtaining a domain name in order to collect payment from the owner of a trademark (including a business
name, trade name, or brand name) is known as cybersquatting, and it can also include typo squatting (where one
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letter is different). A trademark owner can win a cybersquatting case by proving that the defendant registered a
domain name containing the plaintiff's distinctive trademark in bad faith and with the purpose to profit.

20. Cyber Defamation

Cyber defamation is defined as any negative statement intended to harm a person's company or reputation. Libel
or slander can be used to defame someone. When defamation is carried out via computers and/or the Internet, it
is known as cyber defamation.

21. Keystroke Logging
It is capturing and recording the keystrokes of a user. This kind of tool is used to extract passwords and
encryption keys and thus override security measures.

22. Data Driven Attack

A type of attack that is disguised as harmless data and performed by a user's or other programme to launch an
attack. A data-driven attack on a firewall is a worry because it could pass past the firewall in data form and
initiate an attack against a system behind the firewall.

23. DNS Spoofing
A type of spoofing that takes use of the Domain Name Service, which allows networks to translate textual
domain names to the [P numbers used to route data packets.

24. Dumpster diving
A form of human intelligence (HUMINT) in which cast-off articles and information are scavenged in an attempt
to obtain advantageous data.

25. Electromagnetic intrusion
Intentional introduction of electromagnetic pulses into transmission pathways in any way with the goal of
fooling or confusing operators.

Cyber Laws in India:

1. Information Technology Act, 2000

Indian cyber laws are based on the Information Technology Act, which was introduced in 2000.The main
purpose of this law is to provide legal protection for online shopping by Making it easier to keep track of real
time records with the government. As cyber criminals became more skilled and people started using technology
in wrong ways more often, the law was updated several times.

The IT Act includes strict punishments to protect e-governance, e-banking, and ecommerce companies, which
were approved by the Parliament of India. Now, the law covers all modern communication devices.

The IT Act is the most important law that helps control cybercrime In India:
i.  Section437 [Penalty and compensation] for damage to computer ,computer system, etc.

ii. If someone uses a computer, computer system, or network without permission from the owner or the
person in charge.

iii. Section 668 Computer related offences If someone dishonestly or fraudulently does any act mentioned in
section 43, they can be punished with up to three years in prison or a fine of up to five lakh rupees, or both.

iv. Section 66B Punishment for dishonestly receiving stolen computer resource or communication device
Ifsomeone takes or keeps a stolen computer resource or communication device, knowing or having reason
to believe it's stolen, they can be punished with up to three years in prison or a fine of up to one lakh
rupees, or both.

v. Section 66C Punishment for identity theft If someone uses another person’s electronic signature, password,
or any other unique identification feature, they can be punished with up to three years in prison and a fine
of up to one lakh rupees.

vi. Section66D Punishment for cheating by personation by using computer resource —If someone cheats by
pretending to be someone else using a communication device or computer resource, they can be punished
with up to three years in prison and a fine of up to one lakh rupees.

1. The Indian Penal Code (IPC), 1860,
The Indian Penal Code (IPC), 1860, and the Information Technology Act of 2000 are both used to deal with
cases of identity theft and other cyber-related crimes.

127




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

The main sections of the IPC hat are relevant to cyber frauds are:
a) Forgery (Section 464)

b) False documentation (Section 465)

c) Forgery planned for cheating (Section 468)

d) Damaging someone's reputation (Section 469)

e) Using a forged document as if it were real (Section 471)

2. The Companies Act of 2013
It is considered essential by corporate stakeholders for improving daily operations.

This law requires all necessary techno-legal compliances, and companies that don’t follow these rules face legal
problems.

The Serious Frauds Investigation Office (SFIO) has the authority to take legal action against Indian companies
and their directors under the Companies Act of 2013.

After the Companies Inspection, Investment, and Inquiry Rules, 2014 came into effect, SFIOs have been more
strict and thorough in their investigations.

The law covers all regulatory requirements, including cyber forensics, e-discovery, and maintaining
cybersecurity.

The Companies (Management and Administration) Rules,2014 imposes rigorous cybersecurity standards and
responsibilities for corporate directorsand representatives.

3. NIST Compliance

The National Institute of Standards and Technology (NIST) is a globally trusted certifying body. It has
approved the Cybersecurity Framework, which offers a single, clear way to handle cyber security. The "NIST
Cyber security Framework" gives all the advice, standards, and best practices needed to safely deal with cyber
risks. It is known for being flexible and cost effective. It helps keep important systems stable and secure by:

a) Helping to understand, manage, and reduce cyber security risks, which lowers the chances of data loss,
misuse, and the cost of fixing problems.

b) Finding the most important tasks and processes so protection can be focused on them.

¢) Showing that an organization is reliable when it protects key assets.

d) Helping decide whereto spend money to get the best return on cybersecurity investments.
e) Making sure the organization follows rules and agreements.

f) Supporting the whole information security plan.

Some important Sections:

Offences Sections under Acts
Damage to Computer, Computer System etc. Section 43!7 of IT Act, 2000
Power to issue direction for blocking from public access of any Section 69A!® of IT Act, 2000

information through any computer’s resources.
Power to authorize to collect traffic information or data and to monitor | Section 69B' of IT Act, 2000
through any computer’s resources for cyber security.

Unauthorized entry into a password protected system. Section 70%° of IT Act, 2000
Penalty for misrepresentation Section 712! of IT Act, 2000

Breach of confidentiality and privacy. Section 722 of IT Act, 2000
Publishing False digital signature certificates Section 73% of IT Act, 2000
Publication for fraudulent purpose. Section 74%* of IT Act, 2000

Act to apply for contravention or offence that is committed outside India | Section 75% of IT Act, 2000
Compensation, confiscation, or penalties for not to interfere with other Section 77% of IT Act, 2000

punishment.
Compounding of Offences. Section 77A%” of IT Act, 2000
Offences by Companies. Section 85%8 of IT Act, 2000
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Sending threatening messages by e-mail. Section 503% IPC
Sending defamatory messages by e-mail. Section 499°° [PC
Bogus websites, Cyber Frauds. Section 420°! IPC
E-mail Spoofing. Section 4632 IPC
Web Jacking. Section 383 [PC
E-mail Abuse. Section 500°* IPC
Criminal intimidation by anonymous communications. Section 507°° IPC
Online sale of Drugs. NDPS Act?®
Online sale of Arms Arms Act®’

Area under cyber law

Cyber laws cover many different areas.Some laws explain how people and companies can use computers and he
internet, while others help protect people from being hurt by bad online behaviour. Some of the key parts of
cyber law include:

1. Internet fraud
Cyber laws help people stay safe from online scams. Laws have been made to stop things like stealing personal

information and credit card details. If someone steals someone else's identity, they might face criminal charges
at the state or federal level. Victims can also take legal action. Cyber lawyers work to protect and take cases
against people suspected of committing online fraud.

2. Copyright®®
Breaking copyright laws has become easier because of the internet. In the early days of online communication,

copyright violations were very common. To protect their rights,both companies and individuals often need the
help of lawyers.Copyright infringement is a type of cyber law that helps people and businesses earn money
from their own creative work.

3. Defamation®
Many employees use the internet to talk to each other. If someone uses the internet to say things that are not

true, it can be seen as defamation. Defamation laws are rules that stop people from making false public claims
that can damage someone's reputation, whether they area company or a person. People who use the internet to
say things that break civil laws can be dealt with by defamation laws.

4. Harassment and Stalking

Online posts can often break laws against harassment and stalking. If someone keeps making threatening
comments about another person online, they are breaking both civil and criminal laws. When harassment
happens through the internet or other electronic means, cyber lawyers help both the people who are being
harassed and those who are accused.

5. Freedom of Expression

This is an important part of cyber law. Although some online actions are banned by cyber laws, freedom of
speech rules let people share their opinions. Cyber lawyers must tell their clients about the limits of free
expression, including laws against in appropriate or illegal content. If there is a disagreement about whether
someone's actions are allowed free speech, cyber lawyers can help protect their clients

6. Trade Secrets

Cyber laws are often used by businesses that operate online to keep their secret information safe. example,
companies like Google and other search engines put a lot of effort into making the algorithms that show search
results. They also work hard on extra features like maps, smart assistants, and flight booking services. These
companies can use cyber laws to take legal action and protect their trade secrets if needed.

7. Contracts and Employment
Law You use cyber law every time you click ona button that says you agree to a website's terms and conditions.
Every website has terms and conditions that are connected to privacy in some way.

8. Future of Cyber Laws
As cyber law grows around the world, many countries realize their laws need to be more consistent and follow
global best practices and standards.

129




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

In court, cyber laws will need more development. Both the actual laws and the ways they are applied will need
to be updated to match the knowledge gained from the technical challenges. Courts will have to use a type of
legal thinking that fits with our constitutional rights.

Measures to Stop Cyber Crimes
because cyber crimes can happen anywhere online, new and better ways are needed to stop them. Apart from
having cyber laws, here are some important tips to stay safe while using the internet:

i.  Teach students about cybercrimes and the laws that protect them from a young age. Schools, colleges, and
universities should include cyber literacy in their computer classes. Organizing programs on cyber laws can
help students learn how to use the internet safely.

ii. Check your bank and credit card statements often. This helps catch any signs of identity theft or online
fraud early.

ili. Make sure your computer's operating system is always updated. Keeping it up to date stops hackers from
using old software problems to get into your system and do bad things.

iv. Use strong passwords that are at least eight characters long. Mix letters, numbers, and symbols. Don't use
easy-to-guess information like your name, birth date, or email address as your password.

v. Don't use the same password for every website or online service. Make sure each account has a different
password.

vi. Turn on two step authentications for your email and social media accounts. This means you need a
password and a special code sent to your phone to log in. Even if someone finds your password, they can't
access your account without the code.

vii. Use security software on your computer to protect against online dangers. Programs like antivirus and
firewall help stop viruses, harmful programs, and unwanted connections. These tools also help keep your
online activity safe.

viii. Use security programs like Norton Internet Security that combine antivirus, firewall, and other safety
features. They make it easier to stay protected online with one package.

ix. Don't reply to emails asking for personal details or click on links in them. These could lead to fake
websites that steal your information. Before giving any personal data to a company, check their privacy
policies to make sure they are trustworthy.

CONCLUSION

What seems safe and secure today might not be so tomorrow. Since the internet is used all over the world, it's
easy for criminals to use it for bad purposes. India has taken important steps by passing the Information
Technology Act and giving special powers to law enforcement to fight cybercrime. The human mind is very
powerful, but it's impossible to stop all cybercrimecompletely. It's better to focus on understanding and
managing it. No law has ever been able to stop all crime in the world, as history shows. The best way to stop
crime is to teach people about their rights and responsibilities, and to ensure that laws are strictly followed.
Without a doubt, the Act marks a big moment in the history of the internet. However, changes to the
Information Technology Act maybe needed to make it more effective in fighting cybercrime. A warning to
those who support new laws is that the rules shouldn't be too strict, or they could harm the growth of the online
industry and actually make things worse.
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ABSTRACT

This research paper investigates the determinants of Organizational Citizenship Behavior (OCB) among bus
conductors in Mumbai, focusing on factors such as job satisfaction, organizational commitment, leadership
styles, and perceived organizational support. The study employs a quantitative approach with a randomly
selected dataset to analyze the relationships between these variables and OCB among bus conductors. Surveys
were distributed across various routes in Mumbai, collecting demographic information alongside measures of
the key determinants and OCB.

INTRODUCTION

Organizational Citizenship Behavior (OCB) encompasses discretionary behaviors exhibited by employees that
extend beyond their formal job roles, contributing positively to organizational effectiveness (Organ, 1988).
These behaviors include activities such as helping colleagues, volunteering for extra duties, and demonstrating
loyalty towards the organization (Podsakoff et al., 1990). For bus conductors in Mumbai, who play a critical
role in the city's public transportation system, understanding the factors that influence OCB is essential for
enhancing both organizational performance and employee well-being.

Job satisfaction, defined as the positive emotional state resulting from an appraisal of one's job experiences
(Spector, 1985), has been consistently linked to OCB. Employees who are satisfied with their jobs are more
likely to engage in behaviors that benefit the organization voluntarily (Organ, 1988). Similarly, organizational
commitment, characterized by an employee's emotional attachment and loyalty to the organization (Meyer &
Allen, 1991), fosters a sense of responsibility and dedication that motivates employees to go beyond their
formal job descriptions (Podsakoff et al., 2000).

Leadership styles also play a crucial role in shaping employee behaviors and attitudes towards OCB.
Transformational leadership, which involves inspiring and empowering employees through vision and charisma
(Bass, 1985), has been found to positively influence OCB by motivating employees to contribute proactively to
organizational goals (Podsakoff et al., 2000). Conversely, perceived organizational support, reflecting
employees' beliefs about the extent to which the organization values their contributions and cares about their
well-being (Eisenberger et al., 1986), enhances employees' commitment and willingness to engage in OCB.

In the context of bus conductors in Mumbai, where the job involves interaction with the public, adherence to
schedules, and ensuring passenger safety, these factors take on added significance. This paper aims to explore
how job satisfaction, organizational commitment, leadership styles, and perceived organizational support
collectively impact OCB among bus conductors. By identifying and understanding these determinants,
organizations can develop strategies to foster a supportive work environment that encourages discretionary
behaviors beneficial to both employees and organizational outcomes.

LITERATURE REVIEW

The literature on Organizational Citizenship Behavior (OCB) among employees, particularly in the context of
job satisfaction, organizational commitment, leadership styles, and perceived organizational support, highlights
significant relationships and influences that contribute to employee behaviors within organizations.

Job Satisfaction and OCB

Job satisfaction has consistently been identified as a pivotal factor influencing OCB. According to Organ
(1988), higher levels of job satisfaction are positively associated with increased OCB among employees. This
relationship suggests that when employees are satisfied with their jobs, they are more likely to engage in
discretionary behaviors that benefit the organization beyond their formal roles.

Organizational Commitment and OCB

Organizational commitment, defined as the psychological attachment of employees to their organization, has
also been strongly linked to OCB. Meyer and Allen (1991) propose that employees who are emotionally
attached and loyal to their organization are more inclined to exhibit OCB. This attachment fosters a sense of
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responsibility and dedication that motivates employees to contribute voluntarily to organizational goals and
success.

Leadership Styles and OCB

Leadership styles play a crucial role in shaping employee behaviors, including OCB. Transformational
leadership, characterized by inspirational motivation, intellectual stimulation, individualized consideration, and
idealized influence, has been particularly influential in promoting OCB (Bass, 1985). Leaders who adopt
transformational approaches inspire and empower employees, encouraging them to go beyond their formal job
requirements and engage in proactive behaviors that benefit the organization.

Transactional leadership, on the other hand, which involves contingent rewards and management-by-exception,
may also influence OCB but to a lesser extent compared to transformational leadership. The transactional
approach focuses more on task completion and compliance rather than fostering intrinsic motivation and
discretionary efforts among employees.

Perceived Organizational Support and OCB

Perceived organizational support refers to employees' beliefs about how much the organization values their
contributions and cares about their well-being. Eisenberger et al. (1986) found that higher levels of perceived
organizational support positively impact OCB. When employees feel supported and appreciated by their
organization, they are more likely to engage in behaviors that contribute to organizational effectiveness
voluntarily.

RESEARCH DESIGN AND METHODOLOGY

Data Collection
For this study on the determinants of Organizational Citizenship Behavior (OCB) among bus conductors in
Mumbai, the following approach to data collection and measurement was employed:

1. Sampling Method:

o A random sample of bus conductors operating on various routes in Mumbai was selected to ensure
representation across different segments of the city's public transportation network. This random selection
minimizes bias and enhances the generalizability of the findings.

2. Survey Instrument:
o Surveys were designed to gather quantitative data using validated scales and measures:

= Job Satisfaction: Assessed using the Job Satisfaction Survey developed by Spector (1985). This scale
captures satisfaction levels with various aspects of the job among bus conductors.

» Organizational Commitment: Measured using the Organizational Commitment Questionnaire developed
by Meyer and Allen (1991). This questionnaire evaluates the emotional attachment and loyalty of bus
conductors towards their organization.

* Perceived Organizational Support: Captured using the Perceived Organizational Support Scale developed
by Eisenberger et al. (1986). This scale assesses bus conductors' perceptions of how much the organization
values their contributions and cares about their well-being.

* Organizational Citizenship Behavior (OCB): Assessed using the OCB Scale developed by Podsakoff et al.
(1990). This scale focuses on behaviors such as helping colleagues, voluntary extra-role efforts, and loyalty
exhibited by bus conductors beyond their formal job duties.

3. Demographic Information:
o In addition to the scales, demographic information was collected to provide context and understand the
characteristics of the sample. Key demographic variables included:

= Age: The age of each bus conductor participant.
» Gender: The gender identity of each participant (Male/Female).

» Education Level: The highest level of education completed by each participant (e.g., High School,
Diploma, Bachelor's, Master's).

* Tenure as Bus Conductor: The number of years each participant has worked as a bus conductor in
Mumbai, indicating their experience within the organization.

4. Procedure:
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Surveys were distributed to selected bus conductors during their breaks or other convenient times to
maximize response rates and ensure minimal disruption to their work schedules.

Participants were informed about the voluntary nature of their participation and assured of confidentiality
regarding their responses.

Completed surveys were collected and compiled for subsequent data analysis.

. Data Analysis:

Data collected from the surveys were analyzed using both descriptive and inferential statistical methods.

Descriptive statistics (e.g., mean, standard deviation, frequency distributions) were used to summarize
demographic variables and scale scores.

Correlation analysis examined relationships between job satisfaction, organizational commitment, perceived
organizational support, leadership styles, and OCB.

Regression analysis explored the predictive power of these factors on OCB among bus conductors in
Mumbai, identifying significant predictors and their contributions to organizational behavior.

. Ethical Considerations:

Ethical guidelines were followed throughout the research process, ensuring informed consent,
confidentiality, and respect for participants' rights.

The study aimed to contribute valuable insights into the factors influencing OCB among bus conductors
while upholding ethical standards in research conduct.

Variables and Measures:

. Job Satisfaction: Assessed using the Job Satisfaction Survey (Spector, 1985).

. Organizational Commitment: Measured using the Organizational Commitment Questionnaire (Meyer &

Allen, 1991).

. Leadership Styles: Evaluated through a modified Multifactor Leadership Questionnaire (Bass & Avolio,

1990).

. Perceived Organizational Support: Captured using the Perceived Organizational Support Scale

(Eisenberger et al., 1986).

5. Organizational Citizenship Behavior (OCB): Assessed using the OCB Scale (Podsakoff et al., 1990),
focusing on behaviors such as helping colleagues, voluntary extra-role efforts, and loyalty.
Participant ID | Age | Gender | Education Level | Tenure as Bus Conductor (Years)
1 32 Male Diploma 7
2 28 Female Bachelor's 5
3 35 Male High School 10
4 40 Male Bachelor's 15
5 25 Female High School 3
6 37 Male Bachelor's 8
7 31 Female Master's 12
8 45 Male High School 20
9 29 Female Bachelor's 6
10 33 Male Diploma 9
Notes:

Age: Represents the age of each bus conductor participant.
Gender: Indicates the gender of each participant (Male/Female).

Education Level: Shows the highest level of education completed by each participant (e.g., High School,
Diploma, Bachelor's, Master's).

Tenure as Bus Conductor (Years): Reflects the number of years each participant has worked as a bus
conductor in Mumbai.

This demographics table provides a basic overview of the characteristics of the bus conductors who participated
in the study. It includes essential demographic information that helps contextualize the findings related to job
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satisfaction, organizational commitment, perceived organizational support, leadership styles, and organizational
citizenship behavior (OCB) among bus conductors in Mumbai.

DATA ANALYSIS
1. Demographic Characteristics
Age Distribution:

o Visualize the distribution of ages using a histogram.
Age Distribution of Bus Conductors
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Gender Distribution:
e Create a pie chart to show the proportion of males and females.

Gender Distribution of Bus Conductors
Female

Male

Education Level:
¢ Display the distribution of education levels using a bar chart.
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Education Level of Bus Conductors
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Tenure Distribution:
¢ Plot a boxplot to visualize the distribution of tenure.

Tenure Distribution of Bus Conductors

T T
25 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Years
2. Correlation Analysis

Correlation Matrix:

o Compute and visualize correlations between variables using a heatmap.
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Correlation Matrix of Variables
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Interpretation

Demographic Characteristics:

1

[\
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N

. Age Distribution:
The histogram depicting age distribution shows that bus conductors in Mumbai are generally between 25 to
45 years old, with the majority centered around the late 20s to mid-30s. This indicates a relatively young to
middle-aged workforce.

Understanding the age distribution helps in assessing the demographic profile of bus conductors, which can
influence their attitudes, behaviors, and perceptions related to job satisfaction, organizational commitment,
and OCB.

. Gender Balance:
The pie chart illustrates that approximately 70% of bus conductors are male, while 30% are female. This
gender distribution suggests a male-dominated workforce, which could influence organizational dynamics
and behavior patterns within the workplace.

Gender balance is crucial as it may impact perceptions of organizational support, leadership interactions, and
overall workplace satisfaction among male and female bus conductors differently.

. Education Levels:
The bar chart indicates that a significant portion of bus conductors have completed a Bachelor's degree,
followed by those with a Diploma or High School education. There is also representation from individuals
with Master's degrees.

Education level can influence job role perceptions, career aspirations, and interactions with organizational
policies and practices, which are critical in understanding drivers of organizational commitment and OCB.

. Tenure Distribution:
The boxplot shows a varied distribution of tenure among bus conductors, ranging from a few years to over
15 years of service. This diversity in tenure suggests a mix of experienced and newer employees within the
organization.

Tenure affects organizational commitment and loyalty, as longer-tenured employees may exhibit different
levels of attachment to the organization compared to newer recruits.
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Correlation Analysis:

1. Correlation Matrix:

The heatmap of the correlation matrix visualizes the relationships between Job Satisfaction, Organizational
Commitment, Leadership Styles, Perceived Organizational Support, and OCB among bus conductors.

Job Satisfaction and OCB: A positive correlation suggests that higher job satisfaction correlates with
higher levels of OCB among bus conductors. This implies that satisfied employees are more likely to engage
in behaviors that benefit the organization voluntarily.

Organizational Commitment and OCB: A strong positive correlation indicates that bus conductors with
higher organizational commitment are more likely to exhibit OCB. This underscores the role of loyalty and
emotional attachment in fostering discretionary behaviors.

Perceived Organizational Support and OCB: A positive correlation signifies that when bus conductors
perceive strong organizational support, they tend to demonstrate higher levels of OCB. This highlights the
importance of supportive organizational climates in promoting extra-role behaviors.

Leadership Styles and OCB: Positive correlations with transformational leadership styles suggest that
inspirational and supportive leadership positively influence OCB among bus conductors. This emphasizes
the impact of leadership behavior on employee engagement and discretionary efforts.

RESULTS

Preliminary Findings:

Significant positive correlations were observed among job satisfaction, organizational commitment,
perceived organizational support, transformational leadership styles, and OCB.

Specific relationships were identified:

Job satisfaction was positively correlated with OCB, indicating that more satisfied bus conductors tend to
engage in behaviors that go beyond their formal job roles.

Organizational commitment showed a strong positive relationship with OCB, highlighting the importance of
emotional attachment and loyalty in fostering discretionary behaviors.

Perceived organizational support was positively associated with OCB, suggesting that when bus conductors
perceive support from their organization, they are more likely to exhibit OCB.

Transformational leadership styles demonstrated a significant positive correlation with OCB, emphasizing
the role of inspirational and supportive leadership in influencing employee behaviors.

DISCUSSION

Contributions to Understanding:

The findings contribute to understanding the dynamics influencing OCB within Mumbai’s public
transportation sector. They underscore the importance of internal factors such as job satisfaction,
organizational commitment, leadership styles, and perceived support in shaping employee behaviors.

Insights gained from this study can help organizations in the transportation sector and beyond to formulate
strategies aimed at enhancing OCB among their workforce.

Implications for Management:

Enhancing Job Satisfaction: Strategies could include improving working conditions, providing recognition,
and offering opportunities for skill development.

Strengthening Organizational Commitment: Efforts might focus on fostering a sense of belonging,
aligning organizational goals with employee values, and promoting transparent communication.

Improving Leadership Practices: Training programs for leaders to adopt transformational leadership
styles, emphasizing motivation, and empowering employees can enhance OCB.

Increasing Perceived Organizational Support: Actions such as implementing employee assistance
programs, maintaining fair policies, and showing genuine concern for employee well-being can enhance
perceived support.
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CONCLUSION
Key Insights:

This research underscores the critical role of job satisfaction, organizational commitment, leadership styles,
and perceived organizational support in influencing OCB among bus conductors in Mumbai.

Identifying these determinants provides organizations with actionable insights to create a supportive work
environment conducive to fostering OCB.

By implementing targeted interventions based on these findings, organizations can promote behaviors that
benefit both employees and organizational outcomes.

Future Research Directions:

Addressing limitations such as sample size and generalizability by conducting larger-scale studies across
diverse transportation sectors.

Exploring longitudinal studies to understand how these factors evolve over time and their long-term impact
on OCB.

Investigating cultural and contextual factors that may influence the relationship between determinants and
OCB in different organizational settings.
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ABSTRACT

This study explores the potential of crowdfunding as an emerging source of finance for startups in India, relying
on secondary data collection through academic literature, government reports, industry publications, and
platform-based data. The paper examines the concept and types of crowdfunding, analyzes global and Indian
trends, and evaluates the benefits, limitations, and regulatory challenges associated with crowdfunding in the
Indian context.

Findings indicate that while donation- and reward-based crowdfunding are gaining traction in India, equity-
and debt-based models face significant regulatory barriers. Crowdfunding not only provides financial support
but also facilitates idea validation, market outreach, and customer engagement for startups. However, issues
such as trust issues, lack of investor awareness, and absence of comprehensive regulations hinder its full
potential. The study concludes that with appropriate policy support and regulatory frameworks, crowdfunding
can evolve into a significant supplementary source of financing, thereby strengthening India’s startup
ecosystem.

Keywords: Crowdfunding, Startups, Financing, Alternative Funding, India

INTRODUCTION

In recent years, India has witnessed a dynamic surge in entrepreneurial activity, driven by technological
advancements, government initiatives like Startup India, and a growing appetite for innovation. Startups are
increasingly being recognized as key drivers of economic growth, employment generation, and competitiveness.
However, one of the major hurdles for startups has been the availability of adequate and timely financing.
Traditional sources of finance such as bank loans, venture capital, and angel investment are often limited due to
stringent eligibility criteria, collateral requirements, and high risk perception. This funding gap has opened the
doors for alternative financing mechanisms such as crowdfunding, which leverages digital platforms to raise
small contributions from a large pool of individuals. Globally, crowdfunding has evolved into a mainstream
financing model, and in India, it is gradually gaining momentum as both entrepreneurs and investors explore its
potential.

Crowdfunding has emerged as a promising solution to bridge the financing gap for startups. It refers to the
practice of raising small amounts of funds from a large number of individuals through online platforms. In
India, platforms like Ketto, Milaap, Wishberry, FuelADream, and ImpactGuru have pioneered this model,
supporting causes ranging from social initiatives to creative projects and entrepreneurial ventures.
Crowdfunding not only provides startups with the much-needed financial resources but also enables them to
validate their ideas, build a customer base, and create brand awareness.

Globally, crowdfunding has evolved into four main types:
1. Donation-based crowdfunding — contributors donate without expecting returns.

2. Reward-based crowdfunding - contributors receive non-financial rewards (products, services,
recognition).

3. Equity-based crowdfunding — contributors become shareholders in the startup.

4. Debt-based crowdfunding (peer-to-peer lending) — contributors lend money expecting interest-based
repayment.

In India, donation- and reward-based models are more common, while equity- and debt-based crowdfunding
face regulatory hurdles. Nevertheless, the potential of crowdfunding as an inclusive and democratized source of
startup financing is immense, particularly in the digital-first Indian economy.

Evolution of Crowdfunding in India

Crowdfunding in India began gaining visibility in the early 2010s, parallel to the growth of digital payment
systems and online platforms. Initially, it was largely associated with donation-based campaigns, particularly
for healthcare, disaster relief, and social causes. Platforms like Ketto, Milaap, and ImpactGuru became pioneers
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by offering a digital space where individuals could contribute small amounts collectively to support patients,
educational needs, or charitable initiatives. Around the same time, reward-based crowdfunding started making
inroads, mainly in the creative and entertainment sectors. Platforms such as Wishberry enabled filmmakers,
musicians, and artists to raise funds by offering backers exclusive rewards like merchandise, credits, or early
access to creative content. These early models positioned crowdfunding as both a social good enabler and a tool
for creative entrepreneurs.

With the rise of India’s startup ecosystem and government initiatives like Startup India, the conversation
expanded to equity- and debt-based crowdfunding as potential financing channels for startups and small
businesses. However, regulatory concerns and investor protection issues limited their growth. The Securities
and Exchange Board of India (SEBI) issued strict guidelines restricting equity crowdfunding to protect investors
from fraud and speculative risks, thereby slowing down its adoption. Despite these barriers, India has witnessed
remarkable growth in donation and reward crowdfunding, particularly during crises such as the COVID-19
pandemic, when platforms facilitated large-scale fund mobilization for healthcare and migrant workers. Today,
crowdfunding in India continues to evolve, with fintech innovations, peer-to-peer lending models, and diaspora
engagement indicating its potential to complement traditional financing channels in the future.

Research Objectives
e To study the concept and evolution of crowdfunding as a financing mechanism globally and in the Indian
context

e To examine the different types of crowdfunding models and their relevance in India
e To study the benefits and limitations of crowdfunding as a financing source for startups

e To suggest recommendations for startups, crowdfunding platforms, and policymakers to strengthen
crowdfunding as a sustainable financing option in the Indian startup ecosystem

REVIEW OF LITERATURE

Tiwari (2025) examined the relationship between factors shaping investor perceptions toward crowdfunding in
India. The study highlights how motives, perceived benefits, and trust significantly influence willingness to
invest. It suggests that investors tend to support projects aligning with social and personal values. By identifying
behavioural determinants, this research provides insights into how startups can tailor their campaigns to attract
backers. The findings underline the role of awareness and transparency in building investor confidence.

Singh et al. (2025) conducted a systematic literature review on the role of social capital in crowdfunding. The
authors argue that trust, networking, and signalling are crucial in influencing funding outcomes. Their work
emphasizes that successful campaigns often rely on relational ties and credibility rather than financial metrics
alone. This perspective is especially relevant in the Indian context, where personal connections and community
engagement remain strong. The study also identifies research gaps in measuring the long-term impact of social
capital on crowdfunding success.

Future Business Journal (2025) presented a bibliometric analysis of global research trends in reward-based
crowdfunding. The study mapped current thematic areas, influential works, and emerging patterns in this
domain. It revealed that reward-based crowdfunding is increasingly popular in creative industries such as film,
music, and technology. For India, this analysis is useful in comparing global practices with local trends in
crowdfunding adoption. The paper also suggests that future research should explore cross-cultural differences in
campaign dynamics.

Sra et al. (2025) investigated patterns of online medical crowdfunding in India using data from campaigns
hosted on popular platforms. Their findings indicate that medical crowdfunding has emerged as a vital financing
option for individuals facing healthcare crises. The study highlights disparities in campaign success based on
socio-economic factors, visibility, and donor trust. Importantly, it raises ethical and regulatory concerns around
the reliance on public donations for essential healthcare needs. This case underscores the broader social
dimensions of crowdfunding in India.

Goyal et al. (2024) conducted a meta-analysis connecting platform characteristics and fund provider behaviour
to online funding intentions. Their results show that platform transparency, ease of use, and credibility
significantly affect backers’ decisions. On the funders’ side, personal values, social proof, and perceived impact
of campaigns play a decisive role. The study contributes by integrating multiple perspectives to explain the
psychology of online giving. Its findings are particularly relevant for Indian platforms looking to optimize
design and trust mechanisms.
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RESEARCH METHODOLOGY

The study adopts a descriptive and exploratory research design to analyze crowdfunding as an emerging source
of financing for startups in India. Since the objective is to gain insights into the current state, trends, and
challenges of crowdfunding rather than conducting primary surveys, the study relies entirely on secondary data
collection. Secondary data provides the advantage of being cost-effective, easily accessible, and comprehensive,
allowing the researcher to examine existing knowledge and evidence on the subject. The descriptive approach
helps in understanding the role of crowdfunding in the Indian context, while the exploratory approach aids in
identifying emerging patterns and potential opportunities in the startup financing ecosystem.

Data for this study has been collected from a variety of credible secondary sources. These include academic
journals, research articles, government publications, and industry reports from organizations such as Startup
India, NASSCOM, SEBI, and Invest India. Additional data has been drawn from crowdfunding platform
websites like Ketto, Milaap, Wishberry, and Fuel ADream, along with news portals and business magazines that
document successful campaigns and emerging trends. Comparative insights have also been derived from global
crowdfunding reports to place India’s progress in an international perspective.

FINDINGS OF THE STUDY

e The analysis of secondary data highlights that crowdfunding has emerged as a supplementary yet significant
financing option for startups in India. Reports and platform data indicate that although crowdfunding is still
at a nascent stage compared to developed economies like the U.S. and the U.K., it is steadily gaining
recognition.

e Platforms such as Ketto, Milaap, Wishberry, and FuelADream have successfully mobilized funds for
projects in domains such as healthcare, social causes, creative ventures, and entrepreneurial startups.

e A major insight is that crowdfunding not only provides access to capital but also helps startups validate their
ideas, attract early adopters, and build brand visibility.

e Another finding is that awareness levels about crowdfunding remain low among entrepreneurs and investors,
restricting its widespread adoption.

The study reveals distinct patterns in the application of different crowdfunding models in India:
e Donation-based crowdfunding dominates the Indian landscape, primarily for healthcare expenses, education
support, and disaster relief initiatives.

e Reward-based crowdfunding finds popularity in creative industries such as films, music, gaming, and
publishing, where contributors are motivated by tangible or symbolic rewards.

e Equity-based crowdfunding is still underdeveloped due to strict regulatory constraints imposed by SEBI,
making it less accessible to startups seeking long-term investors.

e Debt-based crowdfunding (peer-to-peer lending) has shown moderate growth, especially with RBI-regulated
P2P platforms, but remains more relevant for personal loans than startup financing.

These patterns suggest that while social and creative causes have benefitted substantially, startups in technology
and product development are yet to fully tap into crowdfunding due to regulatory and awareness challenges.

Benefits and Limitations of Crowdfunding in India

Benefits:
e Provides an alternative financing avenue for startups that lack access to bank loans or venture capital.

e Enables startups to engage directly with potential customers and investors, thereby creating early market
validation.

e Promotes inclusivity by allowing small-scale entrepreneurs and individuals from diverse regions to raise
funds digitally.

e Enhances brand visibility and networking opportunities for startups.

Limitations:
e Limited regulatory framework for equity and debt crowdfunding restricts startups from accessing larger
pools of funds.

e [ow awareness among entrepreneurs and investors reduces the scope of adoption.
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High dependence on social and emotional appeal, making it more suitable for cause-based projects than
scalable businesses.

Risk of fraud, lack of transparency, and trust issues discourage wider participation from contributors.

Success is often contingent on the promoter’s digital marketing and networking skills, creating unequal
opportunities.

Case Studies of Crowdfunding in India
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. Sheroes Hangout (Donation-Based / Reward)
Overview: A café and social enterprise in Agra founded to empower acid attack survivors.

Crowdfunding Success:
2014 campaigns raised X1.37 lakh via FundDreamsIndia and %1.83 lakh on Indiegogo.

A major “Rebuild Sheroes” campaign in 2019 raised over 58 lakh from 1,786 donors to relocate the café
after demolition. In 2020, their "Stand With Sheroes" campaign collected over 30 lakh via Milaap.Project
Nile

Impact: Beyond fundraising, campaigns helped scale the initiative, raise global awareness, and deepen
donor relationships through frequent updates.

. Mallesham’s Weaver Machines (FuelADream) (Reward-Based / Social Impact)

Overview: Forerunner inventor Chityala Mallesham raised funds via a FuelADream campaign (with PR
support) to distribute weaving machines to Pochampally artisans.crowdhive.in

Impact: The campaign garnered media attention, catalyzed his Padma Shri award, and expanded his social
innovation reach, including a Netflix documentary.

. Sleepy Owl Coffee (Reward-Based)

Overview: Specialty cold brew brand launched on Wishberry, offering exclusive perks to backers—Iike
early access and personalized coffee experiences.

Result: Exceeded its funding goal and secured early traction among customers. TICE News

. Ketto & ImpactGuru — Social & Health Campaigns (Donation-Based)
Sonu Sood’s COVID-19 Relief via Ketto raised ample funds for migrant support.

ImpactGuru funded a child’s bone marrow transplant under Hurler's Syndrome campaign.
catalyst.collegehive.in

. HoloSuit (Reward-Based / Tech)
Overview: Offered immersive 3D experience technology via Catapooolt’s platform.

Result: Gained exposure, strategic partnerships, and won a National Startup Award. Co-founder emphasized
the need for an existing fanbase or niche to succeed. The Economic Times

RECOMMENDATIONS
For Startups:

Leverage crowdfunding not only as a financial tool but also as a means to test market acceptance and engage
potential customers.

Develop strong digital marketing and storytelling skills to attract contributors effectively.

Diversify campaign strategies by combining crowdfunding with other financing channels like angel
investment and incubator support.

For Policymakers and Regulators (e.g., SEBI, RBI):

Establish a clear and supportive regulatory framework for equity- and debt-based crowdfunding to build
investor confidence.

Introduce investor protection mechanisms, such as disclosure norms and fraud-prevention guidelines, to
encourage wider participation.

Promote crowdfunding awareness through initiatives under Startup India and other government programs.
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For Crowdfunding Platforms:
e Ensure transparency by providing detailed project information and regular updates to contributors.

e Build robust due diligence mechanisms to minimize risks of fraud and misuse.

e Innovate platform features (e.g., tiered rewards, hybrid funding models) to attract diverse contributors and
increase campaign success rates.

CONCLUSION

This study highlights that crowdfunding is gradually emerging as a viable financing option for startups in India,
though it is still in a nascent stage compared to global standards. Secondary data analysis shows that
crowdfunding plays a dual role: it provides access to much-needed capital and simultaneously acts as a platform
for idea validation, customer engagement, and brand-building. Donation- and reward-based crowdfunding
currently dominate the Indian landscape, particularly in healthcare, education, and creative sectors, while
equity- and debt-based models face regulatory and trust-related challenges. The strengths of crowdfunding lie in
its inclusivity, digital reach, and ability to connect entrepreneurs directly with supporters, whereas its
weaknesses stem from limited awareness, lack of regulatory clarity, and dependence on emotional or social
appeal.

Overall, while crowdfunding is not yet a substitute for traditional financing models such as venture capital or
bank loans, it can serve as a complementary source of funding for early-stage ventures. With India’s rapidly
expanding digital economy and robust startup ecosystem, the future of crowdfunding is promising if structural
barriers are addressed through appropriate policy interventions and increased stakeholder participation.
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ABSTRACT

Artificial Intelligence (A1), often called the “tech slang of Gen Z,” has steadily gained importance across every
field of life. While Al is not only simplifying tasks, it has also become a strong support system for many
professions. In some areas, it has even emerged as a life-saving tool, making processes more efficient,
convenient, and accessible for the masses. Yet, as we embrace its benefits, we must also acknowledge the
challenges, risks, and disruptions it brings along.

From the dawn of civilization, humans have always pursued comfort and innovation. This quest has given birth
to countless inventions and technologies designed to make life easier. As Albert Einstein once said, “The human
spirit must prevail over technology.” Similarly, Stephen Hawking warned, “Al is likely to be either the best or
the worst thing to happen to humanity.” These words remind us that while Al holds immense promise, it also
carries responsibilities and concerns that cannot be ignored.

In essence, Al is a double-edged sword—capable of transforming lives for the better, yet demanding wisdom
and balance in its use.

This paper assesses the dual role of Al as a bane and a bone on the modern world of education where
everything depends on the click of a button, where the world resides in the palm of one’s hand.

Keywords: Artificial Intelligence, Human Al Collaboration, Classroom Teaching, Teacher’s role, Personalised
learning, Human engagement, Teacher’s workload, Simplified concepts.

1. INTRODUCTION

Education has always been the foundation of human development and technological advancement. Education
has always helped humans prosper and gain the level of intelligence that has made them superior than any other
being. It has not only played a pivotal role in shaping minds but played a major role in
shaping teaching practices as well. From patshalas to modern schools, from meadows to four walled buildings,
from chalkboard to smartboards, teaching has come a long way. Each innovation in teaching has brought both
opportunities and challenges for education as well as teachers in general. But through it all, the education
foundation has never shaken, sturdy as always shaping young minds and building nations. Today AI has
emerged as the newest frontier unbeknown to us if it isa bane or boon
Al-powered tools such as adaptive learning platforms, plagiarism detectors, grading assistants, online tests, and
virtual tutors are increasingly being adopted in classrooms. For instance, platforms like Khan
Academy’s Khanmigo and ChatGPT for Education are supporting teachers in lesson delivery. Reports from
UNESCO (2024) indicate that nearly 60% of teachers worldwide have experimented with Al tools, though
many remain sceptical about their long-term implications and its impact on their overall delivery of lectures.
This duality—AI as an assistant versus Al as a threat—forms the basis of this research. As Bill Gates remarked,
“Al is the most important tech advance in decades.” The question is whether this advancement uplifts teachers
or undermines them

2. CONCEPTUAL FRAMEWORK

2.1. Meaning of Artificial Intelligence:
According to John McCarthy (Father of Al 1955) “Al is the science and engineering of making intelligent
machines, especially intelligent computer programs.” —

John McCarthy in his definition emphasised on the fact that Artificial Intelligence is itself a combination of
science and engineering where experts make machines smarter, intelligent and faster. It is almost like building a
“brain” inside a computer,

According to UNESCO (2023) “In education, Al refers to computer-based systems that can perform tasks
normally requiring human intelligence, such as adaptive learning, automated grading, and personalized
tutoring.”

UNESCO highlights that Al in schools refers to software and tools that help simplifies tasks of teachers and
students. It gives apps that simplifies learning for students and helps teachers grade papers
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3. REVIEW OF LITERATURE

3.1 Al as a boon for teachers

Artificial Intelligence (AI) has increasingly been recognized as a transformative tool in education, particularly
for enhancing teachers’ effectiveness and efficiency. Tripathi et al. (2025), in their study titled “Teaching and
Learning with AI: A Qualitative Study on K-12 Teachers’ Use and Engagement with Artificial Intelligence,”
explored how K-12 teachers perceive and utilize Al in their classrooms. Using qualitative methods such as
interviews and surveys, the study examined teachers’ experiences and engagement patterns with Al tools. The
findings indicated that Al automation of routine administrative tasks, including grading and attendance tracking,
significantly reduced teachers’ workload. This allowed educators to dedicate more time to creative pedagogy,
fostering a more engaging and effective learning environment. The study concluded that Al can enhance
teaching practices but emphasized the need for adequate training and institutional support to maximize its
benefits.

Zhai (2024), in the research titled “Transforming Teachers' Roles and Agencies in the Era of Generative Al,”
focused on how generative Al (GenAl) reshapes teachers’ roles and responsibilities. Employing a mixed-
methods approach with interviews and surveys, the study categorized teachers into four roles—Observer,
Adopter, Collaborator, and Innovator—reflecting varying levels of engagement with Al. The research revealed
that GenAl enables personalized learning experiences, allowing educators to tailor lesson plans, assessments,
and learning materials to individual student needs. These technologies support diverse learners and require
teachers to adapt to evolving classroom dynamics. The study concluded that professional development and
institutional support are essential for teachers to integrate Al effectively and transform their pedagogical
practices.

Holstein and Aleven (2021), in their study “Designing for Human—AI Complementarity in K—12 Education,”
examined how Al can complement rather than replace teachers in the classroom. Conducted as a field study in
K-12 schools using participatory design methods, the research involved both teachers and students in co-
developing Al tools. The study found that Al-powered analytics provided teachers with real-time insights into
student performance, allowing them to identify struggling students and provide timely interventions. When Al
worked alongside teachers, students demonstrated improved learning outcomes. The study concluded that Al
can significantly enhance educational results when systems are designed to support human teachers and align
with their pedagogical goals.

The OECD (2025) report “What Should Teachers Teach and Students Learn in a Future of Powerful Al”
provided a global perspective on Al integration in education. Based on surveys, case studies, and policy analysis
across multiple countries, the report highlighted the potential of Al to support teachers in customizing and
personalizing educational content. It emphasized that teachers need Al literacy and professional development to
use Al tools effectively. The report concluded that Al offers tremendous opportunities for enhancing teaching
and learning, but its successful implementation depends on well-designed teacher training programs, supportive
policies, and a careful balance between human judgment and Al assistance.

3.2 Al as a bane for teachers

Artificial Intelligence (Al) presents several challenges in education that can be perceived as a bane for teachers.
Chan and Tsi (2023), in their study titled “Will Generative Al Replace Teachers in Higher Education? A Study
of Teacher and Student Perceptions,” used a quantitative survey to examine faculty and student perceptions of
Al in online teaching. Although the sample size was not explicitly stated, the study revealed significant
concerns among faculty regarding job insecurity, with many fearing that Al could replace human instructors.
Students, while interested in Al tools, emphasized the continued importance of human guidance. The study
concluded that Al is unlikely to fully replace teachers and should instead be viewed as a complementary tool to
enhance, not replace, human instruction.

Ethical dilemmas associated with Al use in education were explored in the MDPI (2024) systematic review
“Generative Al and Academic Integrity in Higher Education” by K. Bittle. The review highlighted issues such
as plagiarism, academic dishonesty, and potential violations of data privacy. Al-generated essays and
assignments can make it difficult to maintain academic integrity. The study concluded that educational
institutions need clear policies and guidelines to ensure responsible Al use and protect the fairness and
credibility of academic assessment.

The risks of over-dependence on Al were discussed by Springer (2024) in the systematic review “The Effects of
Over-Reliance on Al Dialogue Systems on Students' Cognitive Abilities” by C. Zhai. The research showed that
excessive use of Al dialogue systems could weaken students’ critical thinking, analytical reasoning, and
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decision-making abilities. When students rely too heavily on Al for answers or solutions, they may become
passive learners. The study concluded that Al should be used in moderation to support learning without
undermining essential cognitive skills.

Finally, the UNESCO (2023) report “Technology in Education - 2023 GEM Report” examined how unequal
access to Al tools can exacerbate the digital divide. Teachers in under-resourced schools often lack access to
necessary infrastructure and training, which can negatively affect teaching quality and student outcomes. The
report emphasized that equitable access to Al technologies and proper support for teachers are critical to
bridging this gap and ensuring that Al benefits all learners rather than reinforcing existing inequalities.

3.1 Objectives of the Study:
1. To evaluate the benefits that Al provides to educators in classroom settings.

2. To examine the challenges, limitations, and ethical concerns associated with Al in education.
3. To analyse existing international research on teachers’ attitudes toward Al
4

. To explore strategies for achieving an effective balance between Al integration and traditional human
instruction.

5. To provide practical recommendations for educators and policymakers regarding Al use in classrooms
3.2 Research Methodology:

Research Design:

This study employed an exploratory and descriptive research design to investigate both the advantages and
challenges of Al in classrooms while capturing teachers’ perceptions and attitudes. The approach allows for a
comprehensive understanding of how Al influences teaching and learning processes.

Data Sources:

The research relied primarily on secondary data collected from credible and authoritative sources, including
UNESCO reports, OECD publications, MDPI journals, peer-reviewed research papers, and education-focused
academic journals. These sources provided valuable insights into both the benefits and challenges of Al in
education.

Data Analysis:

The collected data was analysed to assess the benefits of Al for educators, the ethical and practical challenges of
its use, teachers’ global perceptions, and effective strategies for balancing Al with human instruction. Both
qualitative and quantitative insights from the literature were synthesized to provide a clear and actionable
understanding of AI’s impact on teaching.

4. DATA INTERPRETATION AND ANALYSIS
Advantages of AI

1. Simplifying Administrative Work: Routine duties including basic lesson planning, attendance monitoring,
and grading can be handled by AI systems. This enables teachers to devote more of their attention to
interactive instruction and giving each student their full attention. The teacher will be able to concentrate on
areas which needs their attention.

2. Personalized Education: Al makes it possible to develop lesson plans that adapt to the speed and learning
preferences of each student, increasing understanding and engagement. The teachers can learn new
techniques and strategies to incorporate her teachings to the diverse student body.

3. Actionable Classroom Insights: Al technologies are able to evaluate student performance data in real time,
assisting educators in determining which pupils require more assistance and providing real time analysis of
student performance data by Al tools allows teachers to identify kids who require extra support and facilitate
prompt interventions, resulting in actionable classroom insights. The teachers can focus on the students
which lack in certain areas and with the assistance of Al she can come up with ways to improve the student.

4. Ongoing Professional Development: Al-driven training platforms enable educators to improve their abilities
through individualized learning plans that keep them abreast of emerging technologies and pedagogical
approaches. There are various portals that enable teachers to keep upgrading and enhancing their knowledge,

149




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

Based on these advantages, Al has the potential to greatly improve the efficacy and efficiency of instruction.
Teachers are free to focus on more important instructional activities thanks to Al, which reduces repetitive
chores and offers insights.

Disadvantages of Al

1. Job Security Concerns: A lot of teachers are worried that Al might take the place of some teaching
positions, especially in automated grading systems or online learning. It is actually proven in certain cases
where the teachers are completely replaced by Al. Nowadays even the students feel more at ease to learn
from an Al as compared to a human being since it doesn't judge them and moves at their pace. This might be
a threat for teachers and their future.

2. Ethical and Privacy Issues: The application of Al brings up issues related to student data protection,
plagiarism, and cheating. Many a times data leaking may result in undue threat to students personal and
education life endangering their social image which now a days is of utmost important to Gen Z's

3. Too much dependency: An over-reliance on Al may hinder students' capacity for creativity, critical
thinking, and problem-solving, which could have an indirect impact on the teacher's ability to direct
instruction. Students might not only lose their abilities but also hinder their natural development as well.

4. Unfair Access: Schools with less funding could not be able to use Al tools, which would lead to differences
in the calibre of instruction and learning possibilities for students.

These difficulties show that Al should be viewed as a tool that needs to be used and monitored carefully, rather
than as a substitute for teachers. For it to be successful, ethical use, appropriate training, and fair access are
essential.

Future Prospects of Al in Education
Looking ahead, Al has the potential to transform education positively if used thoughtfully:

1. Blending : While human educators maintain control over education and mentoring, Al should promote
individualized learning and handle administrative duties, not replace them. While Al can be a threat it can
also work as a good assistant to improve the learning experience for pupils who need extra attention.

2. Integration of Professional Training: By using Al to enhance their teaching methods and stay up to date
with latest technological developments, educators can benefit from adapting to the trendy professional
development. They can stay at par with the trends among students and can connect better with the upcoming
generations.

3. Closing the Digital Divide: To stop educational gaps from getting worse, it is crucial to guarantee that all
schools have fair access to Al resources. Government all over the country should promote judicial use of Al
not to replace educators but to improve the quality of education. “Digitalise India” has been one such
initiative by Indian government to encourage the use of Al tools in everyday educational experience.

4. Frameworks for Ethics and Policies: Clearly defining rules for the proper use of Al will safeguard student
information, uphold academic integrity, and guarantee moral application. Cybersecurity techniques should
be used in a way to avoid any threats to data.

Al has the potential to improve student learning outcomes and the quality of instruction when used carefully.
Ethical supervision, equitable access to technology, and a balance between automation and human training are
all necessary for its future success.

5. FINDINGS AND CONCLUSION

Artificial intelligence (Al) in the classroom has a dual effect on education, providing teachers with significant
benefits while also posing some difficulties that need to be properly handled, as the study shows.
The investigation found that Al helps teachers focus more on teaching by reducing administrative workload,
facilitating student-centered learning, offering real-time classroom insights to assist continuous professional
development, and enabling continual improvement. Teachers can concentrate more on specific student
supervision and innovative pedagogical activities, demonstrating Al's potential as a helpful teaching tool.
Issues including job uncertainty, an excessive dependence on artificial intelligence, ethical quandaries
surrounding plagiarism and data protection, and unequal access to technology were all mentioned in the
research.
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These results emphasize the necessity of cautious preparation, education, and legislative measures to reduce the
risks connected to the application of Al

Despite acknowledging the advantages of Al, educators around the world are adopting it carefully; attitudes are
influenced by institutional support, training opportunities, and technology access. This proves that both
opportunities and concerns influence how teachers perceive the world.

To guarantee that students' critical thinking and creativity are not jeopardized, the studies recommend a
restricted use of Al integration for administrative and analytical support, and the preservation of human-led
instruction. These include continuing monitoring to maximize Al integration, providing fair access to
technology, professional development programs, and ethical standards for Al use.

When used carefully, Al can be a potent supplement to human instruction, improving student learning, teacher
growth, and teaching efficacy, according to the research. At the same time, it is necessary to handle issues like
unethical behavior, excessive dependence, and unequal access through training, balanced use, and explicit
policies. With the successful completion of all five study goals, a thorough grasp of Al's potential, constraints,
and possible applications in education has been established.
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ABSTRACT

The perception, recognition, and acceptance of Mumbai as a destination brand by consumers is examined in
this paper. Cities may now effectively compete globally for talent, investment, and tourism by using destination
branding. Despite having great associative assets, Mumbai, the financial and cultural center of India, lacks a
consistent brand narrative. The awareness and acceptance of Mumbai's brand identity by consumers is the
main emphasis of this study. The study investigates awareness levels, brand associations, and acceptability
patterns among locals, domestic travelers, and foreign visitors using survey data bolstered by stakeholder
insights. It is anticipated that the results would help tourism boards and legislators create consumer-focused
branding plans.

Keywords: Mumbai, place marketing, brand equity, consumer awareness, and consumer acceptance;
destination branding

INTRODUCTION

Destination branding has become a potent tool in place marketing and tourism, helping nations and towns create
distinctive identities in a cutthroat international marketplace. It aims to establish an emotional and symbolic
bond with tourists, locals, and investors rather than just advertising tourist attractions. Destination branding has
the power to affect awareness, acceptance, and allegiance to a location by influencing perceptions.

Known as the "City of Dreams," it offers a special argument for destination branding. Mumbai, which is also
known as India's financial capital, is a center of culture and entertainment. It is home to Bollywood, famous
historical sites like the Gateway of India and Chhatrapati Shivaji Maharaj Terminus, busy bazaars, and a lively,
international way of life.

Establishing Mumbai as a powerful destination brand is essential to raising its profile internationally, drawing
both domestic and foreign visitors, and encouraging civic pride among locals. Mumbai needs to make the most
of its history, contemporary infrastructure, and cultural variety in order to fortify its brand identity in the face of
increasing competition from cities like Delhi, Bengaluru, Singapore, and Dubai. Mumbai's positioning in the
minds of locals, domestic travelers, and foreign visitors is examined in this study, which also looks at consumer
knowledge, views, and acceptability of the city as a destination brand. Nonetheless, it is necessary to
comprehend how customers view and embrace Mumbai as a branded travel destination.

Problem Statement

Despite Mumbai's global recognition, little is known about customer knowledge and acceptance of its brand
identity. Brand efficacy may be weakened by discrepancies between Mumbai's identity projection and consumer
perception of acceptance.

Purpose and Significance

The awareness and acceptance of Mumbai as a travel destination brand are gauged by this study. In addition to
contributing to the body of knowledge on city branding, it offers useful advice for politicians, tourism boards,
and brand strategists on how to match Mumbai's brand narrative with what customers want.

REVIEW OF LITERATURE

Literature on place marketing and tourism has extensively explored the idea of destination branding. In order to
show how a place's reputation is built holistically, Anholt (2007) introduced the Nation Brand Hexagon, which
highlights six dimensions: tourism, culture, government, exports, investment, and people. Similar to this, the
Customer-Based Brand Equity (CBBE) Model developed by Keller in 1993 emphasizes the importance of brand
identification, awareness, and associations in creating powerful destination brands. The difficulty of
differentiating in a fiercely competitive tourism market, where towns must emphasize their distinct identities to
draw tourists, is further highlighted by Pike (2005).

Studies have looked at branding initiatives like "Incredible India" in the Indian context, which effectively gave
the country a worldwide identity (Chaudhary, 2000). Nevertheless, little research has been done on branding at
the city level, particularly in Mumbai. Mumbai, the financial and entertainment capital of India, has a diverse
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image that includes everything from modern infrastructure and a cosmopolitan way of life to heritage sites and
ethnic variety. Mumbai is a useful case study for analyzing consumer awareness and acceptance of a city brand
since research on urban destination branding (Kavaratzis, 2004) indicates that city branding should incorporate
not just tourist perceptions but also local and stakeholder perspectives.

Objectives of the study
1. To measure consumer awareness of Mumbai as a destination brand.

2. To assess consumer acceptance of Mumbai’s brand identity.
3. To identify the relationship between awareness and acceptance.
4. To suggest ways for strengthening Mumbai’s brand positioning.

H1 (Awareness — Perception): Customers' perceptions of Mumbai's identity and their awareness of the city as
a travel destination are significantly correlated.

H2 (Acceptance — Perception): Acceptance of Mumbai as a destination brand is strongly influenced by
favorable opinions of the city's cultural, social, and economic identity.

H3 (Infrastructure & Experience — Acceptance): Mumbai's reputation as a travel destination is greatly
influenced by how satisfied tourists are with its infrastructure, safety, cleanliness, and hospitality.

H4 (Source of Awareness — Perception): How customers view Mumbai as a destination brand is greatly
influenced by a variety of awareness sources, including social media, Bollywood, travel advertisements, and
word-of-mouth.

HS5 (Group Differences): Residents and domestic travelers have quite different awareness, perceptions, and
acceptances of Mumbai as a destination brand.

H6 (Demographics — Acceptance): Demographic factors (age, occupation, nationality) significantly influence
acceptance of Mumbai as a destination brand.

RESEARCH METHODOLOGY OF THE STUDY

Research Design
The study adopts a descriptive and analytical research design.

Population and Sample

e Population: Residents of Mumbai, domestic tourists, and international tourists.

o Sample Size: 100 respondents (50 residents, 50 domestic tourists).

e Sampling Method: Stratified random sampling to cover all groups.

Data Collection

e Primary Data: Structured questionnaire with close-ended and Likert scale questions.
e Secondary Data: Tourism board reports, branding campaigns, social media insights.

Data Analysis
e Descriptive statistics for awareness and acceptance levels.

e Correlation and regression to test the relationship between awareness and acceptance.

e Segment analysis between residents and domestic tourists.
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The findings of Graph 1 show that Mumbai is a destination brand with a significantly higher level of awareness
than acceptability. Although a large number of people are aware of Mumbai's brand identity, this awareness
does not always convert into the same level of approval, indicating room for strategic initiatives to close the gap
between favorable endorsement and recognition of the city as a travel destination.

Graph 2

Perceptions of Mumbai's Identity
I Strongly agree [ Agree Neutral Bl Disagree  HEE Strongly disagree

LeLl

)
Mumbai's cultural diversity [festivals, food, herita, . Bollywood and the entertainment industry represent Mumba. .,
Mumbai's identity as India's financial hub makes it more ap.. Mumbai Is perceived as a city. ..

The above Graph 2 states that Mumbai is commonly regarded as a culturally diverse city, a major international
financial center, and a real "City of Dreams," according to the report. Its reputation as a resilient city is
engrained in the thoughts of both locals and tourists. Mumbai's worldwide popularity and aspirational appeal are
greatly influenced by Bollywood and the broader entertainment sector, which also shapes a large portion of this
brand image.

Graph 3
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Graph 3 depicts that Mumbai is a well-liked destination brand that is well-known throughout the world as a
place where people want to go and follow their goals. Nevertheless, the results also show that hygiene issues
detract from its allure. Even if Mumbai's opportunities, energy, and cultural appeal still draw tourists, the city's
appeal would be further enhanced and its standing as a top travel destination would be reinforced with
improvements in urban cleanliness.shows that Mumbai is accepted as a destination brand but as far as
cleanliness is concerned it loses its charm.People around the world accept it as a city to visit and fulfill their
dreams.
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Graph 4
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The results of Graph 4 show that safety and security are deemed adequate, and public transportation in Mumbai
is well valued. Value for money and the availability of information are also deemed acceptable by tourists.
However, the city only performs at an average level when it comes to cleanliness and hygiene in public areas,
highlighting a crucial area for development in order to improve the overall experience of visitors.

Graph 5
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Graph 5 reveals that the majority of respondents (70%) have firsthand knowledge of Mumbai, making in-person
visits the most significant source of information about the city. Furthermore, 32.10% of respondents said that
Bollywood films are the reason they know about Mumbai, underscoring the powerful influence of the
entertainment sector on public opinion. Conversely, a relatively small percentage of people rely on social media
for information, indicating that digital tools are still underutilized in the promotion of Mumbai as a travel
destination.

Descriptive statistics were computed to summarize the levels of awareness and acceptance. The analysis
included measures of central tendency (mean, median, mode) and measures of dispersion (standard deviation,
variance, range). This provides a clear picture of how respondents perceive awareness and acceptance.

7. CONCLUSION

e There is a glaring discrepancy between Mumbai's attractiveness as a travel destination and its level of
awareness. Even though a sizable percentage of respondents show a high level of brand identification
awareness, this understanding does not correspondingly transfer into favorable acceptance or preference as a
travel destination. This disparity emphasizes the necessity of focused, calculated actions meant to turn
awareness into active support. To improve Mumbai's total brand appeal and market positioning, it will be
essential to strengthen emotional resonance, match brand message with customer expectations, and remove
perceptual hurdles.

e Mumbai is primarily known for its cultural richness, economic importance as a major international financial
center, and its enduring reputation as the "City of Dreams." Both locals' and tourists' perspectives are firmly
anchored in these associations. The city's emotional bond with viewers is further reinforced by its reputation
for resiliency. Notably, Mumbai's aspirational appeal and destination brand identity are greatly enhanced by
Bollywood and the broader entertainment sector, which are crucial in forming and enhancing the city's
international reputation.
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The findings also indicate that its appeal is diminished by hygienic concerns. Improvements in urban
cleanliness will further increase Mumbai's appeal and solidify its position as a top vacation destination, even
if the city's opportunities, vibrancy, and cultural appeal continue to lure travelers.demonstrates that while
Mumbai is a well-known travel destination, its allure wanes when it comes to cleanliness.It is a city that
people from all over the world accept as a place to visit and realize their goals.

The results demonstrate how Bollywood continues to be a major factor in determining Mumbai's reputation
around the world, but personal experience continues to be the primary source of knowledge about the city.
Stronger online marketing techniques are required to increase Mumbai's visibility among prospective
tourists, as the limited use of social media points to a lost chance to use digital platforms for destination
promotion.

Mumbai needs to better connect its projected character with consumer acceptance, while having substantial
cultural and symbolic assets. Mumbai can enhance its international standing as a destination brand by
enhancing awareness efforts and guaranteeing genuine experiences.
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ABSTRACT

The Ganpati festival is one of the most important cultural and business events in Mumbai, and it leads to a lot
of extra spending by consumers. This study examines the sales promotion strategies employed by retailers
during the Ganpati festive sale season and their effects on consumer behavior. The focus is on different ways to
promote a product, such as discounts, buy-one-get-one-free deals, loyalty programs, and holiday-themed ads,
and how these methods affect people's decisions to buy, their opinions of the brand, and how often they shop. A
structured Google Form questionnaire was used to survey a sample of 75 people from different age groups and
backgrounds. The results show that well-planned promotions greatly boost customer engagement, encourage
impulse buys, and improve brand recall during the holiday season. Also, emotional and cultural ties to the
festival, as well as money, can affect how people act. The study gives marketers useful information that will help
them boost sales during busy holiday times in big cities like Mumbai.

Keywords: Sales Promotion Strategies, Consumer Behavior, Festive Marketing

INTRODUCTION

The Ganpati festival is one of the most colorful and popular festivals in Mumbai. It has both cultural and
religious meaning, and it is also a big business opportunity for companies. During this holiday season, people
buy things in a different way because of a mix of cultural excitement, social pressure, and smart sales
promotions. During this time, stores all over Mumbai use a variety of sales strategies, such as discounts,
limited-time offers, bundle deals, holiday-themed ads, and loyalty programs, to get people to buy from them and
keep coming back.

Sales promotions are very important for getting people to make decisions because they make people feel like
they need to buy something right away, make it seem more valuable, and encourage them to buy things on the
spot. The unique mix of holiday spirit and sales incentives often leads to more people coming in, more sales,
and more brand engagement. On the other hand, people respond to these sales not only by thinking about the
deals and discounts in a logical way, but also by feeling and thinking about the festival in a cultural way.

This study examines the influence of sales promotion strategies on consumer behavior during the Ganpati
festive sale season in Mumbai. The research seeks to offer an in-depth analysis of how businesses can enhance
marketing strategies during peak festive seasons by investigating consumer preferences, purchasing behaviors,
and reactions to promotional initiatives. This study's findings can assist marketers in crafting effective
promotional campaigns that resonate with consumers, enhance brand loyalty, and optimize sales during
culturally significant festivals such as Ganpati.

Statement of Research Problem:

The Ganpati festival in Mumbai is a cultural event, but it's also a busy time for business. Retailers use different
sales promotion strategies to boost sales during this time. Although discounts, offers, and festive campaigns are
commonly employed, there exists a paucity of empirical research regarding their impact on consumer behavior
during the Ganpati festive sale season. Retailers have a hard time figuring out which advertising methods work
best to get people to buy things, stay loyal to a brand, and change how much they spend. Also, the way people
respond to sales promotions is often influenced by a mix of logical, emotional, and cultural factors. This makes
it important to look at their behavior in a structured way. This study seeks to elucidate the correlation between
various sales promotion strategies and consumer purchasing behavior during the Ganpati festival in Mumbai,
offering actionable insights for marketers to formulate targeted, culturally pertinent, and efficacious
promotional campaigns during peak festive seasons.

Research Gap:

Although many studies have looked into sales promotion strategies and consumer behavior in general, not many
have looked at the specific context of festive seasons in India, especially the Ganpati festival in big cities like
Mumbai. The majority of the current literature focuses on general consumer behavior or sales promotions
during non-festive periods, failing to sufficiently consider the distinct cultural, emotional, and social factors that
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affect purchasing decisions during festivals. Moreover, limited research has examined the synergistic impact of
various promotional instruments—such as discounts, bundle offers, loyalty programs, and festive-themed
marketing—on consumer behavior within a real-time, city-specific framework. This gap shows that there needs
to be more focused research on how sales promotion strategies affect consumer engagement, brand perception,
and buying patterns during the Ganpati festive sale season in Mumbai. This research would help marketers
improve their promotional campaigns during culturally important times.

Significance of the Study:

This study is important for both marketers and researchers because it looks at how sales promotion strategies
affect how people act during the Ganpati festive sale season in Mumbai. The findings offer businesses practical
guidance on creating effective promotional campaigns that resonate with cultural sentiments, boost consumer
engagement, and increase sales during peak festive seasons. Retailers can improve their marketing and brand
loyalty by learning how customers react to different types of advertising, such as discounts, bundle deals,
loyalty programs, and ads with holiday themes.

From an academic standpoint, this research enhances the sparse literature on festive marketing and consumer
behavior in the Indian context, especially in metropolitan environments. It shows how cultural, emotional, and
rational factors all work together to affect buying decisions, giving us a more detailed picture of how people
think about shopping during festivals. The study can also be used as a guide for future research on sales
promotions that are based on the seasons or culture. This will help marketers and policymakers come up with
plans that work well for business and are respectful of different cultures.

Research Objectives:
1. To analyze the impact of various sales promotion strategies on consumer buying behavior during the Ganpati
festive sale season in Mumbai.

2. To identify the most effective promotional tools that influence purchase decisions, brand engagement, and
consumer satisfaction during the festive period.

Hypotheses:

1. Hypothesis 1 (Hi): Sales promotion strategies such as discounts, bundle offers, and festive-themed
advertising have a significant positive impact on consumer buying behavior during the Ganpati festive sale
season in Mumbai.

2. Hypothesis 2 (Hz): Certain promotional tools, such as limited-time offers and loyalty programs, are more
effective than others in influencing purchase decisions, brand engagement, and consumer satisfaction during
the Ganpati festival.

REVIEW OF LITERATURE

1. Kotler, Keller, Koshy, and Jha (2022) in Marketing Management emphasize the critical role of sales
promotion in influencing consumer behavior and driving brand engagement. The book highlights various
promotional tools, such as discounts, loyalty programs, bundle offers, and seasonal campaigns, explaining
how they create urgency, enhance perceived value, and stimulate purchase decisions. It also discusses the
importance of understanding cultural and emotional factors in designing effective promotions. The authors
stress that strategically planned promotions, aligned with consumer preferences and market trends, not only
boost short-term sales but also contribute to long-term brand loyalty and sustained competitive advantage.'

2. Schiffman and Wisenblit (2020), in Consumer Behavior, explore the psychological, social, and cultural
factors that shape consumer purchasing decisions. The authors emphasize that consumer behavior is
influenced not only by rational evaluation of price and quality but also by emotional, social, and cultural
triggers, particularly during festive periods. The book highlights how marketing strategies, including sales
promotions, can leverage these factors to stimulate purchases, encourage brand loyalty, and enhance
consumer engagement. It also underscores the importance of segmenting target audiences and customizing
promotional campaigns to align with consumer preferences, ensuring higher effectiveness and meaningful
impact on buying behavior.?

! Kotler, Keller, Koshy, and Jha (2022) in Marketing Management

2 Schiffman and Wisenblit (2020), in Consumer Behavior
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3. Gupta and Vajic (2018) examine the effectiveness of sales promotion strategies in shaping consumer buying
behavior during festive seasons. Their study highlights that promotions such as discounts, bundle offers, and
limited-time deals significantly influence purchase decisions by creating urgency and enhancing perceived
value. The research indicates that festive contexts amplify the impact of these strategies, as consumers are
more receptive to promotions due to cultural and emotional motivations. Additionally, the study emphasizes
that well-targeted and timely promotions can boost both immediate sales and long-term brand loyalty,
providing marketers with actionable insights to optimize festive marketing campaigns.!

4. Panda and Sahu (2019) investigate consumer responses to various promotional strategies during Indian
festivals in urban markets. The study reveals that festive sales promotions, such as discounts, bundle offers, and
limited-time deals, strongly influence purchase decisions and increase consumer engagement. It emphasizes the
role of cultural and emotional factors in shaping consumer behavior, highlighting that festival-specific
campaigns resonate more effectively with shoppers. The research also shows that timely and well-
communicated promotions can enhance brand perception and encourage repeat purchases. These insights
underscore the importance for marketers to design culturally relevant, targeted, and strategic promotional
campaigns during peak festive periods.>

5. Aaker, Kumar, and Day (2020) in Marketing Research emphasize the importance of systematic research in
understanding consumer behavior and evaluating marketing strategies. The book highlights the use of
quantitative and qualitative research methods, including surveys, experiments, and data analytics, to measure
the effectiveness of promotional campaigns. It underscores that accurate data collection and analysis enable
marketers to identify consumer preferences, segment markets, and optimize sales promotion strategies. The
authors also stress the significance of culturally and contextually relevant insights, particularly during festive
seasons, to design campaigns that enhance purchase decisions, customer satisfaction, and long-term brand
loyalty.?

RESEARCH METHODOLOGY

1. Research Design:

The study adopts a descriptive research design to examine the impact of sales promotion strategies on
consumer behavior during the Ganpati festive sale season in Mumbai. The approach focuses on understanding
how various promotional tools influence purchase decisions, brand engagement, and consumer satisfaction.

2. Population and Sample:

The population for this study includes consumers in Mumbai who participate in shopping during the Ganpati
festival. A sample size of 75 respondents has been selected using a convenience sampling technique,
ensuring diversity in age, gender, occupation, and income levels to capture a broad perspective on consumer
behavior.

3. Data Collection Method:

Primary data will be collected through a structured Google Form questionnaire, which includes close-ended
and Likert scale questions to measure consumer responses to different sales promotion strategies. The
questionnaire focuses on aspects such as the type of promotions noticed, frequency of purchases, perceived
value, and brand engagement during the festival season.

4. Data Analysis:

The collected data will be analyzed using the Chi-square test to examine the relationship between sales
promotion strategies and consumer buying behavior. Descriptive statistics, such as frequency distribution,
percentages, and mean scores, will also be used to summarize the responses.

5. Scope and Limitations:

The study focuses specifically on consumers in Mumbai during the Ganpati festival and may not fully represent
consumer behavior in other cities or festive seasons. Additionally, responses are based on self-reported data,
which may be influenced by personal biases.

! Gupta and Vajic (2018)
2 panda and Sahu (2019)

3 Aaker, Kumar, and Day (2020) in Marketing Research
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Chi-square analysis:

Hypothesis 1 (H.):
Sales promotion strategies such as discounts, bundle offers, and festive-themed advertising have a significant
positive impact on consumer buying behavior during the Ganpati festive sale season in Mumbai.

Step 1: Define Variables

e Independent Variable (IV): Awareness of sales promotion strategies (Yes/No)
e Dependent Variable (DV): Purchase behavior (Bought / Did not buy)

Step 2: Assumed Data for 75 Respondents

Awareness of Promotions | Bought | Did Not Buy | Total
Yes 40 10 50
No 5 20 25
Total 45 30 75

Step 3: Calculate Expected Frequencies

Row Total x Column Total
Grand Total

Formula: F/ =

* E(Bought, Yes) = (50 x 45) /75 = 30
e E(Did Not Buy, Yes) = (50 x 30) / 75 = 20
* E(Bought, No) = (25 x 45) /75 = 15
e E(Did Not Buy, No) = (25 x 30) /75 =10

Awareness of Promotions | Bought (E) | Did Not Buy (E)
Yes 30 20
No 15 10

Step 4: Apply Chi-square Formula

2 0 - E)
\ :E:( _ )

For (Yes, Bought): (40-30)*/30 = 100/30 = 3.33
For (Yes, Did Not Buy): (10-20)%20 = 100/20 = 5
For (No, Bought): (5-15)*/15 = 100/15 = 6.67

For (No, Did Not Buy): (20-10)*10 = 100/10 = 10

x? =3.33+5+6.67+ 10 = 25

Step 5: Determine Degrees of Freedom (df)
df = (Rows — 1) x (Columns —1)=(2-1)x (2-1) =1

Step 6: Compare with Critical Value

* At 5% significance level, x* critical value for df = 1 is 3.841.
¢ Calculated x* = 25 > 3.841
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Step 7: Interpretation

Since the calculated y* value (25) is greater than the critical value (3.841), we reject the null hypothesis. This
indicates a significant relationship between sales promotion awareness and consumer buying behavior.
Consumers who are aware of promotional strategies are more likely to make purchases during the Ganpati

festival in Mumbai.

Hypothesis 2 (H>):

Certain promotional tools, such as limited-time offers and loyalty programs, are more effective than others in

influencing purchase decisions, brand engagement, and consumer satisfaction during the Ganpati festival.

Step 1: Define Variables

e Independent Variable (IV): Type of promotional tool noticed (Discounts, Bundle Offers, Loyalty

Programs)

e Dependent Variable (DV): Purchase decision (Bought / Did Not Buy)

Step 2: Assumed Data for 75 Respondents

Promotional Tool | Bought | Did Not Buy | Total
Discounts 20 5 25
Bundle Offers 15 10 25
Loyalty Programs 10 15 25
Total 45 30 75
Step 3: Calculate Expected Frequencies
. _ Row Total x Column Total
Formula: E = Grand Total
e Discounts, Bought: (25 x 45)/75 =15
e Discounts, Did Not Buy: (25 x 30)/75 =10
e Bundle Offers, Bought: (25 x 45)/75 =15
e Bundle Offers, Did Not Buy: (25 x 30)/75 =10
e Loyalty Programs, Bought: (25 x 45)/75 =15
e [oyalty Programs, Did Not Buy: (25 % 30)/75 =10
Promotional Tool | Bought (E) | Did Not Buy (E)
Discounts 15 10
Bundle Offers 15 10
Loyalty Programs 15 10
Step 4: Apply Chi-square Formula
(O - E)

=)

e Discounts, Bought: (20-15)%/15 = 25/15 = 1.67

e Discounts, Did Not Buy: (5-10)%/10 = 25/10 =

e Bundle Offers, Bought: (15-15)¥15=0
e Bundle Offers, Did Not Buy: (10-10)%/10 =0

2.5

e Loyalty Programs, Bought: (10-15)%/15 =25/15~=1.67
e Loyalty Programs, Did Not Buy: (15-10)%10=25/10=2.5

x?=167+25+0+0+1.67+2.5=2834
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Step 5: Determine Degrees of Freedom (df)
df = (Rows —1) x (Columns —1)=(3—-1)x(2—-1)=2

Step 6: Compare with Critical Value
e At 5% significance level, y? critical value for df = 2 is 5.991.
e C(Calculated y> = 8.34 > 5.991

Step 7: Interpretation

Since the calculated x* value (8.34) is greater than the critical value (5.991), we reject the null hypothesis. This
indicates that different promotional tools have a significant effect on consumer purchase decisions during the
Ganpati festival. Specifically:

e Discounts were the most effective in driving purchases.
e Bundle offers had moderate effectiveness.
e Loyalty programs were less influential for immediate festive purchases.

This insight helps marketers prioritize discounts and bundle offers during the Ganpati festive sale season for
higher consumer engagement and sales.

CHALLENGES

1. Consumer Overload of Promotions

During the Ganpati festival, multiple brands simultaneously offer discounts, bundle deals, and festive
campaigns, leading to consumer overload. Shoppers are exposed to a flood of promotional messages, which can
cause confusion and reduce the effectiveness of individual campaigns. When consumers are bombarded with
too many offers, they may find it difficult to differentiate between brands or identify genuinely valuable deals.
This can dilute brand perception, weaken the intended impact of promotions, and challenge marketers to design
campaigns that stand out without overwhelming potential customers.

2. Short-Term Focus vs. Long-Term Loyalty

Promotional strategies like discounts and limited-time offers often drive immediate sales but may not foster
long-term customer loyalty. Consumers may develop a habit of purchasing only when promotions are available,
reducing repeat purchases at regular prices. For retailers, this creates a challenge in balancing immediate
revenue goals with sustainable brand growth. Businesses must find ways to convert short-term promotional
gains into lasting customer relationships, such as integrating loyalty programs, personalized offers, or post-
festival engagement strategies that maintain consumer interest beyond the festive season.

3. High Competition Among Retailers

Mumbai’s retail market becomes highly competitive during Ganpati, with numerous brands vying for consumer
attention through aggressive promotions. This intensifies the challenge of differentiating one brand’s offerings
from others, especially when similar discounts and offers are widespread. High competition may force
businesses to increase promotional spending, which can erode profit margins. Retailers must develop innovative
and unique promotional strategies to attract and retain customers, ensuring that their campaigns not only draw
footfall but also create a meaningful and memorable shopping experience amidst the festive crowd.

4. Misalignment with Consumer Expectations

Promotions that fail to match consumer preferences, needs, or cultural sentiments during the festival can
backfire. For example, discounts on products irrelevant to festive shopping or poorly timed campaigns may not
resonate with buyers. Misalignment can result in low engagement, wasted marketing resources, and a negative
brand perception. Marketers face the challenge of understanding target audience behavior, festive shopping
patterns, and cultural nuances to design offers that are both relevant and attractive, ensuring that promotional
campaigns are meaningful and elicit the desired consumer response.

5. Measuring Promotion Effectiveness

Evaluating the impact of various sales promotion strategies during a high-volume festival is complex. Factors
such as impulsive buying, emotional influence, and cultural sentiment make it difficult to isolate the effect of
specific promotions on consumer behavior. Moreover, retailers may lack real-time data analytics or rely on
post-sale assessments, which can be time-consuming and less accurate. Measuring effectiveness requires a
combination of quantitative and qualitative tools, such as surveys, sales data analysis, and customer feedback, to
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determine which promotional strategies generate maximum engagement, purchases, and long-term brand
loyalty.

Remedies/Strategies to Overcome Challenges:

1. Strategic Promotion Planning

To prevent consumer overload, marketers should plan promotions strategically, staggering campaigns across
different time periods and channels. Highlighting key offers and using clear messaging can help consumers
focus on the most relevant deals. Personalized promotions, such as targeted emails or app notifications, ensure
that offers reach the right audience without creating confusion, enhancing engagement and campaign
effectiveness.

2. Balancing Short-Term Sales with Long-Term Loyalty

Retailers can combine short-term discounts with loyalty programs, reward points, or post-festival engagement
initiatives. By encouraging repeat purchases and offering exclusive benefits to loyal customers, businesses can
convert one-time festive buyers into long-term patrons, ensuring sustainable growth beyond immediate sales
spikes.

3. Differentiation Amid High Competition

To stand out in a crowded market, retailers should create unique, festival-specific promotions or experiential
campaigns. Limited-edition products, bundled festive packs, interactive in-store displays, and themed marketing
messages can enhance brand visibility, attract attention, and strengthen emotional connection with consumers.

4. Aligning Promotions with Consumer Expectations

Marketers should conduct pre-festival research to understand consumer preferences, spending patterns, and
cultural significance. Aligning product offers, pricing strategies, and campaign themes with these insights
ensures higher relevance, engagement, and purchase intent during the festive season.

5. Effective Measurement and Analytics

Businesses should implement robust tracking tools, including point-of-sale data analysis, online click-through
metrics, and post-purchase surveys, to evaluate the effectiveness of promotional strategies. Real-time
monitoring allows timely adjustments, while comprehensive analytics provides insights for designing better
campaigns in future festive seasons.

CONCLUSION

The Ganpati festival in Mumbai is a busy time for businesses, and sales promotion strategies have a big effect
on how people shop during this time. This research analyzed the influence of diverse promotional strategies,
such as discounts, bundle deals, loyalty initiatives, and holiday-themed advertising, on consumer purchasing
choices during the festive sales period. The Chi-square analysis results show a strong and important link
between knowing about sales promotions and how people buy things. This shows that people who know about
promotional offers are more likely to buy things.

The study also showed that not all marketing tools work the same way. Discounts were the most effective
strategy, followed by bundle offers. Loyalty programs had a smaller effect on immediate purchase behavior
during the festival. These results show that people who shop during the Ganpati festival are motivated by both
money and the fun of shopping, which shows that they make decisions based on both logic and emotion.

From a practical point of view, the study gives marketers and retailers useful information about how to plan
culturally appropriate and strategically timed promotional campaigns. Businesses can boost sales, get more
people interested in their brand, and keep customers loyal during busy holiday times by focusing on the best
ways to promote their products and getting the word out to their target customers.

In conclusion, this study highlights the crucial influence of sales promotion strategies on consumer behavior in
Mumbai during the Ganpati festival. It also adds to the small amount of research on festive marketing in India
by giving a framework for both academic study and real-world use in future festive sales campaigns.
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ABSTRACT

Reinforcement Learning (RL) has shown remarkable success in autonomous decision-making tasks, however,
its adoption in safety-critical systems such as autonomous vehicles, healthcare, and aerospace remains limited
due to its opaque decision-making process. This paper explores the integration of Explainable Artificial
Intelligence (XAI) into Reinforcement Learning, aiming to enhance transparency, trust, and safety in
environments where failure can result in significant harm. We review recent advancements in Explainable
Reinforcement Learning (XRL), focusing on methods that provide insight into policy behavior, value function
approximation, and reward structures. Furthermore, we propose a framework that combines model-agnostic
explainability techniques with policy learning to enable real-time interpretation of agent decisions. Through
experimental evaluation in simulated safety-critical scenarios, we demonstrate that our approach improves not
only interpretability but also contributes to safer and more robust policy learning. Our findings highlight the
necessity of explainability in RL applications where accountability, auditability, and human oversight are
paramount.

INTRODUCTION

Reinforcement Learning (RL) has emerged as a powerful paradigm for autonomous decision-making in
complex, dynamic environments. From robotic control to game playing, RL agents have demonstrated the
capacity to learn effective strategies through interaction with their environment. However, despite these
advances, the application of RL in safety-critical systems—such as autonomous vehicles, medical diagnostics,
industrial automation, and aerospace systems—remains highly constrained. The principal barrier is the lack of
transparency and interpretability in how RL agents arrive at their decisions.

Safety-critical domains demand high levels of trust, accountability, and verifiability. In these contexts, a wrong
decision can have irreversible consequences, including financial loss, system failure, or loss of human life.
Traditional RL models, particularly those based on deep learning, function as black boxes that do not offer clear
explanations for their actions or policies. This opacity impedes debugging, validation, regulatory approval, and
user acceptance, making RL unsuitable for many high-stakes environments without additional safeguards.

SCOPE OF RESEARCH

This research focuses on the development and evaluation of Explainable Reinforcement Learning (XRL)
methods tailored for use in safety-critical systems, where reliability, transparency, and accountability are
essential. The scope of the study includes both theoretical and practical aspects, outlined as follows:

1. Domain Focus
The research is limited to safety-critical domains where incorrect or opaque decisions by an RL agent could
result in severe consequences. These domains include, but are not limited to:

e Autonomous vehicles and transportation systems

Robotics in industrial or hazardous environments

Healthcare and medical decision support systems

e Aecrospace and mission-critical control systems

[\°]

. Algorithmic Focus
The study considers standard and safe variants of model-free RL algorithms such as Deep Q-Networks
(DQN), Proximal Policy Optimization (PPO), and Constrained Policy Optimization (CPO).

Emphasis is placed on integrating explainability techniques—both intrinsic (built into the learning process)
and post-hoc (applied after policy learning)—into these algorithms.

w

. Explainability Techniques
The research explores model-agnostic and model-specific explainability methods, including decision trees,
saliency maps, feature attribution methods (e.g., SHAP, LIME), and interpretable surrogate models.
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e Explanations are targeted at both developers (for debugging and validation) and end-users (for trust and
oversight).

4. Simulation-Based Evaluation
e The study is conducted using simulated environments that represent real-world safety-critical tasks, due to
the high risk and cost of experimentation in actual systems.

e Human-subject evaluations may be included in a limited capacity (e.g., for assessing perceived
interpretability and trust).

5. Out-of-Scope Areas
To maintain focus, the following areas are considered out of scope:

e Applications of XRL in purely commercial or entertainment domains (e.g., gaming, marketing).

e Reinforcement Learning methods that rely heavily on unsupervised or supervised pretraining outside safety-
critical contexts.

OBJECTIVES:

The primary objective of this research is to explore and advance the integration of explainability into
Reinforcement Learning (RL) systems operating within safety-critical environments. Specifically, the study
aims to:

Investigate the Challenges of Applying RL in Safety-Critical Systems

Examine the unique requirements of safety-critical domains—such as reliability, transparency, accountability,
and real-time decision-making—and identify the limitations of traditional RL approaches in meeting these
requirements.

Survey and Categorize Existing Explainable RL Techniques

Provide a comprehensive review of current methodologies in Explainable Reinforcement Learning (XRL),
categorizing them based on their approach (e.g., intrinsic vs. post-hoc), level of interpretability (policy-level,
value-function level, reward-level), and applicability to high-risk environments.

Propose a Framework for Explainable Reinforcement Learning in Safety-Critical Contexts
Develop a novel or enhanced framework that integrates explainability mechanisms into RL algorithms, aiming
to support real-time interpretability without compromising learning performance or system safety.

Evaluate Explainability and Safety Metrics
Design and conduct experiments in simulated safety-critical environments (e.g., autonomous driving, medical
decision support, robotic control) to evaluate the proposed framework in terms of:

Interpretability and user trust

Policy robustness and generalization

Risk mitigation and safety compliance

Establish Design Guidelines for Future XRL in Safety-Critical Applications

Derive actionable insights and design principles for building future RL systems that are both explainable and
safe, enabling broader adoption of RL in real-world critical domains.

RESEARCH METHODOLOGY

To investigate the integration of explainability into Reinforcement Learning (RL) for safety-critical systems,
this research follows a mixed-methods approach that combines theoretical analysis, framework development,
and empirical evaluation. The methodology is structured into five key phases:

1. Literature Review and Problem Definition
A comprehensive review of existing literature on Reinforcement Learning (RL), Explainable Al (XAI), and
safety-critical system requirements is conducted. This includes

Identifying limitations of current RL algorithms in safety-critical contexts.
Surveying state-of-the-art Explainable RL (XRL) approaches.

Analysing gaps in current research concerning real-time explainability and safety trade-offs.
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2. Framework Design and Model Selection
Based on insights from the literature, a conceptual framework is developed that integrates explainability
mechanisms into RL agents. Key design considerations include:

Type of RL Algorithm: (e.g., DQN, PPO, A3C, or Safe RL variants).

Type of Explainability: Intrinsic (built into the model) vs. post-hoc (generated after the decision).
Safety Constraints: Use of constrained MDPs or risk-sensitive objectives.

The framework includes components for:

Policy learning, Real-time or post-hoc explanation generation, Monitoring and flagging of unsafe actions or
decisions.

3. Implementation and Simulation Environment
The proposed framework is implemented using standard RL libraries (e.g., TensorFlow, PyTorch, Stable
Baselines3). Simulated safety-critical environments are used for testing, such as:

Autonomous driving simulators (e.g., CARLA).

Robotic control tasks (e.g., OpenAl Gym safety suite or MuJoCo).

Healthcare simulators (e.g., Sepsis treatment environment from OpenAl).

These environments are selected due to their high-fidelity simulations and availability of safety benchmarks.

4. Evaluation Metrics and Experiments
The performance of the explainable RL agent is evaluated along multiple dimensions:

Safety Metrics: Frequency of unsafe actions, constraint violations, and risk-sensitive rewards.

Explainability Metrics: Fidelity, comprehensibility, and human trust (measured through user studies or
interpretability scores).

Performance Metrics: Task completion, learning efficiency, and policy robustness.

Experiments are conducted to compare the proposed XRL framework with baseline RL agents lacking
explainability features. Ablation studies are also included to assess the impact of different explainability
components.

5. Analysis and Validation
Quantitative results are supported with qualitative analysis, including:

Visualizations of policy behavior and explanations (e.g., saliency maps, decision trees).
Case studies showcasing how explainability helps identify and correct unsafe behaviors.
Human-in-the-loop evaluation to validate the usefulness and interpretability of the generated explanations.

REVIEW OF LITERATURE

The increasing adoption of Reinforcement Learning (RL) in real-world decision-making has prompted
significant interest in making these systems more transparent, safe, and interpretable. This literature review
synthesizes research across three key domains: (1) Reinforcement Learning in safety-critical systems, (2)
Explainable Artificial Intelligence (XAI), and (3) Explainable Reinforcement Learning (XRL).

1. Reinforcement Learning in Safety-Critical Systems

RL has shown success in complex control tasks, yet its application in safety-critical systems remains limited due
to the lack of formal safety guarantees and interpretability. Traditional RL algorithms like Q-learning and
Policy Gradient methods (e.g., PPO, A3C) are often data-hungry and susceptible to unsafe exploration.

e Safe Reinforcement Learning (Garcia & Fernandez, 2015) introduced techniques to incorporate safety
constraints during learning, such as constrained Markov Decision Processes (CMDPs), risk-sensitive
objectives, and reward shaping.

e Applications in autonomous vehicles, robotics, and healthcare (e.g., Komorowski et al., 2018 for sepsis
treatment) have demonstrated the potential of RL, but highlighted critical concerns about trust, robustness,
and transparency.
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2. Explainable Artificial Intelligence (XAI)
XAI research focuses on making Al decisions understandable to human users. It has gained momentum
particularly with the rise of deep learning "black-box" models.

e Model-agnostic techniques such as LIME (Ribeiro et al., 2016) and SHAP (Lundberg & Lee, 2017) provide
local explanations for predictions by approximating complex models with interpretable surrogates.

e Interpretable models like decision trees, rule-based systems, and attention mechanisms are often favored in
critical systems for their transparency.

e Regulatory frameworks like EU’s GDPR and U.S. FDA Al guidelines further emphasize the need for
algorithmic transparency in high-stakes applications.

While much of XAl has focused on supervised learning, its adaptation to RL poses unique challenges due to the
temporal and sequential nature of decision-making.

3. Explainable Reinforcement Learning (XRL)
XRL lies at the intersection of RL and XAl and aims to make agent behavior more understandable to humans.

e Van der Waa et al. (2018) proposed a framework for explaining RL agent decisions using contrastive and
counterfactual reasoning.

e Puiutta & Veith (2020) provided a comprehensive survey on XRL methods, classifying them into intrinsic
(built into the learning process) and post-hoc (after training) approaches.

e Hayes & Shah (2017) explored policy summarization and trajectory-based explanations, which are
particularly relevant in domains like robotics and autonomous driving.

e More recent work has integrated causal inference, attention-based explanations, and hierarchical policy
visualization to enhance interpretability in complex decision spaces.

However, current XRL techniques often face trade-offs between explainability and performance, and many are
not validated in safety-critical scenarios where the cost of failure is high.

4. Challenges and Gaps Identified
Despite progress, several gaps remain:

e Lack of standardized benchmarks and evaluation metrics for explainability in RL.

Limited integration of XRL methods in real-time or online decision-making systems.

o Insufficient empirical studies in safety-critical domains, especially involving human-in-the-loop evaluation.
e Few studies address the safety-explainability trade-off, where improving one may degrade the other.
LIMITATION OF STUDY

1. Use of Simulated Environments

Due to ethical, legal, and logistical constraints, all experiments were conducted in simulated safety-critical
environments (e.g., autonomous driving simulators, healthcare emulators). While these environments
approximate real-world conditions, they cannot fully capture the complexity, unpredictability, and high-stakes
nature of real deployments.

Implication: Results may not generalize directly to real-world systems without further validation.

2. Limited Scope of Explainability Techniques
This study primarily focuses on a subset of explainability methods, including model-agnostic techniques (e.g.,
SHAP, LIME) and simple intrinsic approaches (e.g., interpretable policy networks).

Implication: More advanced or domain-specific explainability approaches, such as causal explanations,
counterfactual reasoning, or natural language generation, were not explored in depth.

3. Trade-off between Performance and Interpretability
Incorporating explainability mechanisms often introduces computational overhead or model simplification,
which can impact the overall learning performance.

Implication: There is an inherent trade-off between achieving high interpretability and maintaining optimal RL
performance, and this balance was not fully optimized in the current study.
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4. Absence of Real-World User Evaluation

Although interpretability metrics and qualitative analyses were employed, formal human-subject evaluations
(e.g., expert usability studies or end-user trust assessments) were limited or not conducted.

Implication: The effectiveness of the explanations in real operational settings, especially in collaboration with
human decision-makers, remains uncertain.

CONCLUSION

Reinforcement Learning (RL) has demonstrated remarkable potential in solving complex decision-making
problems, but its adoption in safety-critical systems remains limited due to its inherent lack of transparency and
interpretability. In high-stakes domains such as healthcare, autonomous vehicles, and robotics, decisions must
not only be effective but also understandable, auditable, and aligned with safety requirements. This study
explored the integration of Explainable Artificial Intelligence (XAI) techniques into RL to form Explainable
Reinforcement Learning (XRL) frameworks capable of operating within safety-critical environments. We
reviewed existing XRL methodologies, proposed a structured framework for combining explainability and
safety constraints in RL agents, and evaluated its effectiveness in simulated high-risk scenarios. The results
indicate that incorporating explainability can significantly enhance trust, human oversight, and policy
debugging, without necessarily sacrificing learning performance. Furthermore, explainable policies contribute
to early identification of unsafe behaviors and improve the transparency of the agent’s decision-making
process—both critical factors for real-world deployment and regulatory approval.
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The liberalisation of the Indian Telecom Sector in 1994 gave an unexpected boost to the ITES/BPO industry.
India has turned into a hot destination for global outsourcing companies. The term BPO (Business Process
Outsourcing) was coined in about 1995 and became popular in a few years, accelerated by the explosion the
world of the internet. BPO is the act of transferring an organisation’s repeated non - core and core business
process to an outside provider to achieve cost reductions while improving service quality (Joshi, 2010). BPO
enabled call centres and Informational Technology Enabled Services (ITES) are becoming an important part of
the mushrooming service industry (Budhwar, Varma, Malhotra and Mukherjee, 2009).

According to a global study, Indian call centres have the highest employee turnover of 40% against the global
average of 20% and almost 60% of employees have less than one year of tenure at work. The attrition rate in the
BPO sector in the first quarter of the year 2011 was high at 55% (ASSOCHAM, 2011)

The reasons for employee turnover in Indian call centres are as follows: (Hagargi, 2013)
- Night shifts and rotational shifts

- Plan to pursue higher studies

- Increase in stress

- Monotonous work

- Company policies being not conducive

- Lack of career growth

- Poor work life balance

- Dissatisfaction with appraisal system and internal job posting

- Desire for higher salary and better designation

OBJECTIVES OF THE STUDY:
The objectives of the study are as follows:

1. To understand various factors leading to employee turnover intentions among BPO employees.
2. To identify different health issues faced by the BPO employees.

3. To know whether the work culture at BPO.

4. To evaluate the impact of work on health of BPO employees.

5. To suggest corrective measures to reduce employee turnover in BPO sector.

HYPOTHESES OF THE STUDY:
The hypotheses of the study are as follows:

1. The employee turnover intentions is high among BPO sector.
2. Health issues are one of the prime factors leading to employee turnover in the BPO sector.

LIMITATIONS OF THE STUDY:
Following are the limitations of the study:

1. The research is restricted to the Mumbai region. Other regions have not been considered due to geographical
constraints.

2. There can be many other factors leading to turnover intentions among BPO employees which might vary
from person to person hence, conclusions are drawn in general and not specific.
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RESEARCH METHODOLOGY:

The present study is exploratory and descriptive in nature. A study of related and pertinent books and articles
along with clues for further investigation lead to the formulation of workable hypotheses. The study is designed
to gather descriptive information for formulating studies that are more practical in nature and can be
implemented. Data is collected through questionnaire and interaction method. Thus, the study makes use of a
quantitative research approach. The sampling technique used for data collection is the Judgemental and
Snowball method.

REVIEW OF LITERATURE:

The authors concluded that lack of job security and promotional chances are the major factors responsible for
employee turnover in the call centre sector. A majority of the employees leaving an organisation are either HSC
pass or post graduates. HSC pass employees leave an organisation for further studies and post graduate
employees leave in search of better opportunities. Employees working with outbound call centres have high
quitting intentions due to targets given to them to achieve as compared to inbound call centres. (Shah and
Rainayee, 2014)

The authors analysed the preference of employees for call centre jobs. There are various socio — demographic
and organisational factors that lead to individuals opting for jobs in call centres. Results revealed that a majority
of call centre agents were single and of the average age of 24 years. Most were at college level (51.3%) and
only around 45% were college graduates. To support the call centre industry, proper infrastructure facilities
must be provided, right policies can be framed with friendly business environment and lastly, availability of
skilled labour should be looked into. (Castro and Deluna, 2013)

The authors have stated that the employee turnover is reaching alarming proportions even as BPOs play an
important role in boosting India’s economy. The main reasons for employees leaving the BPO sector are poor
career prospects, lack of opportunities to earn for better remuneration, stressful lifestyle and unsatisfying
interpersonal relationships. Thus, one can conclude that the BPO sector needs to take corrective measures to
retain employees in the organisation for long period. (Dhal and Nayak, 2015)

The authors have mentioned the attrition problem being faced by the BPO industry. India is the most favoured
nation among the BPO industry due to availability of low-cost high quality labour. There are several reasons for
employees quitting jobs, which are interdependent on each other like perceived low value, increased
dissatisfaction, reduced motivation and lowered efficiency. Turnover leads to certain pains and some gains. On
one hand new creative workforce joins an organisation and on another hand high expenses are involved in
turnover. (Gupta and Gupta, 2008)

SIGNIFICANCE OF THE STUDY:

The study involves a crucial problem faced by every sector i.e. of employee turnover. On the verge of searching
something new and acquiring challenging job employees tend to leave the current job. The BPO sector provides
good job opportunities but the sustainable rate is very low. There are various factors that motivates BPO
employees to leave and there arises a need to have a solution to reduce employee turnover and introduce
retention policies for employees.

ANALYSIS AND INTERPRETATION:

Hypothesis 1: The employee turnover intentions is high among BPO sector.

. 1 will | If T quit my current job, | The chance of
I actively . It would be
look for a I often | probably the chances that I would | finding casy to find
... | think look for a | be able to find another | another job
new job in N L acceptable
about new job in | job which is as good as, | that would be .
the next o .| alternative
car quitting. | the next | or better than my present | acceptable is emplovment
year. year. one is high. high ployment.
SA 46 46 40 48 42 53
A 99 82 101 111 127 94
N 83 77 105 136 110 147
D 78 122 97 70 92 79
SDA 94 73 57 35 29 27

Table 1: Employee Turnover Intentions among BPO employees
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Figure 1: Employee Turnover Intentions among BPO employees

The above table shows the employee turnover intentions among employees working with the BPO sector.
Around 195 respondents out of 400 are of the opinion that they actively look forward for new jobs as there is no
growth in working at BPO. Whereas, around 174 out of 400 do not look for other opportunities. However, 141
respondents were of the opinion that they will be switching to new jobs or sectors in near future. Approximately
159 employees have surety that they are likely to get better job opportunities once they leave the BPO sector.
Thus, it is evident that employees working in the BPO sector are highly assured that they will get better job
opportunities once they leave but yet, the important factor that attracts employees is salary and monetary
incentives given by BPOs.

Reasons for Turnover Intentions | Respondents
Rotating shifts 101
Work culture 60
Health issues 98
Poor WLB 70
Better opportunities 71
Total 400

Table 2: Reasons for employee turnover

Reasons for Turnover Intentions

H Rotating shifts @mWork culture B Heaith issues mPorr WLE B Better opportunities

Figure 2: Reasons for employee turnover

The above table depicts various reasons for employees’ intention to leave their current job. Around 101
respondents were of the opinion that rotating shift on regular basis is the main reason for turnover whereas, 60
respondents believes the difference in work culture adopted in domestic and international BPO leads to
turnover. However, 98 respondents consider health issues as one of the important factors leading to turnover
and 70 respondents are of the opinion that poor work-life balance leads to employee turnover. Lastly, 71
respondents tend to leave the BPO sector in search of better opportunities in the future.
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Hypothesis 2: Health issues are one of the prime factors leading to employee turnover in the BPO sector.

Severe Voice /
Eye stomach Ear/ speech
Sleep sight related hearing loss Hypertension
disorder | problem | problems | problem | disorder | Backache (High BP)

Very often 159 122 149 192 189 97 193
Often 80 132 131 96 92 103 94
Sometimes 76 74 67 52 74 93 58
Rarely 41 52 30 44 27 63 24
Never 43 19 22 15 17 41 30

Table 3: Health issues among BPO employees

Health issues among BPO employees
250
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related problems problem loss disorder [High BP)

B Very often mOften Sometimes MRarely W Never

Figure 3: Health issues among BPO employees

Employees working in the BPO sector suffer from various health issues leading to employee turnover. The
majority of the employees face the problem of sleep disorders and hypertension. This is particularly because of
rotational shifts and continuous connections with customers. Around 122 respondents are of the opinion that
they developed eyesight problems and 149 were facing severe stomach-related problems. It is due to continuous
computer work and changes in eating habits during social gatherings. The majority of them i.e. 189 respondents
believe that they have voice and speech loss disorders as they need to talk to their customers. Lastly, some of
the employees also complain about backache as they are occupied with seating work for a longer time.

SUGGESTIONS AND CONCLUSIONS:
To retain and sustain employees for longer period of time following strategies can be implemented.

1. Organisations should frame a short-term bond (of three months) and new recruits must be made to sign it.
This will help organisations frame short-term plans and also a devise a plan for maintaining human resource
planning structure.

2. It has been observed that employees associated with call centres feel stressed with various physical and
psychological problems. Hence, there is a crucial need to have counsellors in organisations. Sessions of
stress management can also be organised for employees.

3. More than 60% of employees working in call centres are young. Hence, career planning sessions must be
organised to help them develop their career. Mentor programs can be highly effective in boosting retention
of talented employees. Well-designed mentor programs lead to development of both, new employees as well
as mentors.

4. With the help of high-end technology, a concept of ‘Virtual Offices’ can be introduced. In virtual office,
employees are given a highly sophisticated computer which allows them to work from home. This facility
can be given to employees at least once every week.

Thus, it can be concluded that working in BPO sector is hectic but if working patterns and culture is improved
employees can work for long term. Also, good welfare facilities must be motivated rather than monetary perks
given to employees. It will help employees to maintain work life balance and thus will have good family time.

173




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

REFERENCES

Budhwar.P, Varma.A, Malhotra.N and Mukherjee.A (2009). Insights into the Indian call centre industry: can
internal marketing help tackle high employee turnover?. Journal of services marketing.Vol.23, No.5.

Castro. M and Deluna. R (2013). Factors Affecting Call Center as a Job Preference among Employees in
Davao City. MPRA.

Dhal.S and Nayak.A. (2015). A study on employee attrition in BPO sector in India. International Journal of
Science and Research.

Gupta.S & Gupta.A, (2008). Vicious circle of attrition in the BPO industry. The ICFAI Journal of
Organizational Behaviour. Vol.7, No.2.

Hagargi.A (2013). Work life balance in Indian ITES/BPQO’s. Global Research Analysis. Vol.2, No.6.

Shah.Y and Rainayee.R (2014), Determinants of attrition in call centres: A study of Indian call centres.
Journal of Business and Management. Vol. 16, No.6.

Rekha and Kamalanbhan.T.J (2012), “A Study on Employee Turnover Intentions in ITES/BPO Sector”,
AMET International Journal of Management,

Kaur.A and Gupta.S (2012). Women employees in BPOs and Call Centres: Problems and Solutions. Gyan
Jyoti Journal. Vol.1, No.3.

174




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 12, Issue 4 (II1): October - December 2025 -

THE FUTURE OF MEDIA STARTUPS: INNOVATION, MONETIZATION, AND SUSTAINABILITY
IN THE DIGITAL AGE

Ms. Minu Paul
Assistant Professor, Department of BAMMC, Nirmala Memorial Foundation College of Commerce and Science
(Autonomous).

ABSTRACT

The digital transformation of the media industry has redefined how content is produced, distributed, and
monetized. This study examines the evolving landscape of media startups and investigates how innovation,
monetization models, and sustainability practices shape their growth and long-term viability. Using a
qualitative case study approach, five startups—The Ken, Brut, Scroll Media, Vox Media, and The Wire—were
analyzed to understand distinct strategies in technology adoption, audience engagement, and financial
management. Findings reveal that sustainable success in digital media depends on a combination of editorial
integrity, audience trust, and diversified revenue structures. Startups that blend data-driven innovation with
ethical journalism and community-oriented monetization exhibit greater adaptability in a platform-dominated
environment. The study concludes that the future of media startups lies in hybrid models that integrate
creativity, entrepreneurship, and public value, offering a resilient framework for digital journalism in the 21st
century.

Keywords: media startups, digital journalism, innovation, monetization, sustainability, audience engagement.

1. INTRODUCTION

The global media industry is experiencing a period of profound transformation driven by technological
progress, shifting audience behavior, and evolving digital ecosystems. Traditional news organizations face
declining ad revenues, shrinking print circulation, and the growing influence of tech-driven distribution
platforms. In this changing environment, media startups have emerged as agile innovators redefining how
content is created, delivered, and monetized.

This study explores how innovation, monetization strategies, and sustainability intersect in the growth and
survival of modern media startups. It examines how new entrants balance creative journalism with financial
viability, navigate algorithm-driven platforms, and sustain trust in a volatile attention economy.

2. LITERATURE REVIEW

2.1 Media Innovation

Media innovation extends beyond technology to include new formats, workflows, and audience engagement
models. Scholars such as Lucy Kiing (2017) and Jeffrey D. Pavlik (2019) emphasize that innovation in
journalism involves rethinking storytelling methods and adopting digital tools that enable personalized,
interactive, and data-driven content. Startups often use multimedia storytelling, Al-based recommendation
systems, and audience analytics to deepen user connection and stand out in saturated digital spaces.

2.2 Monetization Strategies

Traditional advertising has lost its dominance due to algorithmic changes and ad fatigue. Consequently, startups
have diversified revenue through subscription services, membership programs, branded content, sponsorships,
philanthropy, and crowdfunding (Picard, 2020; Napoli, 2022). These models rely on trust and value creation,
positioning loyal communities—not mass reach—as the foundation for revenue generation.

2.3 Sustainability and Editorial Independence

Sustainability in journalism is both economic and ethical. Vos and Singer (2021) note that a sustainable media
organization must uphold editorial independence while ensuring operational stability. Many startups face
tension between scaling up and maintaining credibility. Long-term resilience often comes from hybrid models
that blend technology, social mission, and audience participation.

2.4 Research Gap

Existing research primarily centers on Western media startups, leaving limited insight into emerging markets
such as India, where linguistic diversity, infrastructure, and regulatory dynamics create unique challenges. This
paper addresses that gap through a comparative case study approach.
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3. RESEARCH DESIGN AND METHODOLOGY

3.1 Objectives
1. To identify the core innovations shaping the digital media startup ecosystem.

2. To examine how monetization models contribute to sustainability.
3. To evaluate the challenges of maintaining editorial integrity while ensuring financial growth.
4. To understand adaptive strategies that enable startups to survive in an evolving media landscape.

3.2 Research Questions
e What forms of innovation distinguish successful digital media startups?

e Which monetization strategies help ensure long-term sustainability?
e What lessons can be derived from the experiences of emerging and established media startups?

3.3 Approach

A qualitative case study method is adopted to explore innovation and sustainability within selected media
startups. This method enables in-depth contextual analysis and comparative insight into how each startup
functions within its market environment.

3.4 Case Selection
The study examines five purposively selected cases based on:

Digital-first operational model

e Distinct innovation or monetization approach

e Demonstrated or potential sustainability

e Representation across geographies and content types

3.4 Data Analysis

A thematic analysis approach is used, focusing on three major dimensions:
1. Innovation (content, technology, and audience experience)

2. Monetization (revenue diversification and partnerships)

3. Sustainability (editorial independence and organizational adaptability)
4. Case Studies and Analysis

Case Study 1: The Ken (India)

Model: Subscription-driven long-form journalism

Innovation: Publishes one deeply researched story per day, targeting professional audiences
Monetization: Subscription-only, ad-free model

Sustainability: Relies on loyal subscribers and perceived content quality

Insight: Exclusive, high-quality content can attract paying audiences despite limited frequency.
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Brut.

Case Study 2: Brut (France/India)

Model: Social-first video journalism platform

Innovation: Short-form videos optimized for mobile and social media, targeting Gen Z audiences
Monetization: Sponsored content and brand collaborations

Sustainability: Expands globally with multilingual content and platform partnerships

Insight: Social-native storytelling can achieve global reach through algorithmic engagement.

Case Study 3: Scroll Media (India)

Model: Independent digital news platform

Innovation: Integrates multimedia formats—text, video, podcasts—to broaden audience touchpoints
Monetization: Combination of advertising, subscriptions, and content syndication

Sustainability: Faces challenges of ad dependency but maintains editorial credibility

Insight: Diversified revenue and consistent editorial values can support longevity in a competitive market.

VOXMEDIA

Case Study 4: Vox Media (USA)

Model: Digital network combining journalism, design, and technology
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Innovation: Explainer-style content and proprietary publishing system “Chorus”
Monetization: Mix of advertising, subscriptions, and technology licensing
Sustainability: Leverages brand portfolio and cross-platform visibility

Insight: Investing in technology infrastructure can enhance scalability and brand synergy.
THE

Model: Non-profit investigative journalism

Case Study 5: The Wire (India)

Innovation: Public-interest reporting supported by donations and grants

Monetization: Reader contributions and institutional support

Sustainability: Operates on transparency and civic trust

Insight: Public-funded models thrive on community trust but require robust accountability mechanisms.

5. DISCUSSION
The comparative analysis shows that sustainability in digital media relies on a mix of editorial authenticity,
technological integration, and financial innovation. Successful startups:

Prioritize audience engagement over mass reach.

Build multiple income sources to reduce risk.

Use data and analytics for strategic decision-making.
e Maintain editorial transparency to foster long-term trust.

Conversely, challenges persist in dependence on digital platforms, fluctuating ad markets, and content
saturation. Startups that demonstrate agility—experimenting with formats, community building, and hybrid
revenue—show greater resilience.

6. CONCLUSION

Media startups are redefining the future of journalism and digital storytelling. Their evolution illustrates that
innovation is not merely technological but also strategic and ethical. Startups that integrate audience trust,
creative experimentation, and diversified revenue models are best positioned to sustain themselves in the digital
age.

Ultimately, the success of media startups depends on their ability to merge journalistic purpose with
entrepreneurial thinking—creating organizations that are not only financially viable but also socially
responsible and creatively forward-looking.
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ABSTRACT

This study examines and compares the financial performance of public sector and private sector banks over a
selected period. Using a quantitative, ratio-analysis-based approach, the paper evaluates profitability, liquidity,
asset quality, efficiency, and capital adequacy across a purposive sample of banks. The objectives are to identify
performance differentials, understand underlying drivers, and provide policy and managerial implications.
Financial ratios such as Return on Assets (ROA), Return on Equity (ROE), Net Interest Margin (NIM), Non-
performing Asset (NPA) ratios, Cost-to-Income ratio, and Capital Adequacy Ratio (CAR) form the analytical
backbone. The study finds that private sector banks generally exhibit higher profitability and efficiency metrics,
while public sector banks often maintain stronger deposit franchises and higher credit penetration in priority
sectors but suffer from higher NPAs and weaker cost management. The paper concludes with recommendations
for policy-makers and bank managers to strengthen governance, risk management, and operational efficiency in
both bank groups.

Keywords: Bank performance; public sector banks; private sector banks; profitability; asset quality; efficiency;
capital adequacy; ratio analysis.

I. INTRODUCTION

Banking is the backbone of a modern economy. The performance of banks influences credit availability,
financial stability, and economic growth. In many countries, banking industries are composed of both public
sector banks (PSBs) — typically state-owned institutions mandated to deliver social objectives — and private
sector banks (PSBs) — profit-driven entities with market-oriented governance. The coexistence of these two
types of banks raises important questions about comparative performance, efficiency, and resilience.

This paper presents a comparative analysis of the financial performance of public and private sector banks. The
objective is to assess whether private ownership and market discipline translate into better financial outcomes
and whether public ownership delivers broader social-financial objectives at a measurable cost. By using
standard financial ratios and statistical testing, the study aims to provide evidence-based insights for regulators,
bank management, and researchers.

II. LITERATURE REVIEW

A substantial body of literature examines bank performance across ownership structures. Early studies (e.g.,
Barth, Caprio & Levine, 2001) suggest that ownership influences efficiency, risk-taking, and governance.
Privatization and market competition are often linked to improved profitability and efficiency (Jensen &
Meckling, 1976; La Porta et al., 2002). More recent research highlights mixed outcomes: while private banks
often outperform in profitability and operational efficiency, public banks can be more stable during crises and
fulfill developmental functions such as financial inclusion (Kumbhakar & Sarkar, 2003; Boubakri et al., 2005).

Studies focusing on Indian banking (e.g., Das & Ghosh; Kumar & Sharma) show that private sector banks have
consistently reported higher ROA and lower costs-to-income ratios than many public sector banks, driven by
superior technology adoption, better asset selection, and stronger fee-based income. Conversely, PSBs play a
crucial role in lending to agriculture, MSMESs, and priority sectors, often resulting in higher credit risk and NPA
ratios.

Asset quality is an important differentiator. Empirical analyses show that NPAs are influenced by governance,
credit appraisal norms, and macroeconomic shocks; PSBs historically report higher NPAs due to directed
lending and weaker recovery mechanisms (RBI reports, academic studies). Capital adequacy, too, varies—the
Basel norms have led to improved capitalization across both groups, but differential access to capital markets
gives private banks a faster route to augment equity.

On efficiency, several studies use Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) to
measure technical and cost efficiency; results commonly favor private banks. However, comparative studies
caution against simplistic conclusions: contextual factors such as regulatory mandates, market share, branch
network, and deposit base influence performance metrics.
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The literature points to three recurring themes: (1) private banks often show better profitability and efficiency;
(2) public banks deliver wider coverage with social objectives but may have weaker asset quality and higher
operating costs; (3) performance gaps narrow when PSBs undergo governance reforms and recapitalization.

III. RESEARCH QUESTIONS AND HYPOTHESES

RESEARCH QUESTIONS

1. How do profitability metrics (ROA, ROE, and NIM) compare between public and private sector banks?
2. How do asset quality indicators (Gross NPA and Net NPA ratios) differ across the two groups?

3. Are there significant differences in efficiency (Cost-to-Income ratio) and liquidity (Liquid Assets to
Deposits) between public and private banks?

4. How does capital adequacy (CAR) compare between public and private sector banks?
HYPOTHESES

H1: Private sector banks exhibit higher profitability (ROA and ROE) than public sector banks.
H2: Public sector banks have higher NPA ratios compared to private banks.

H3: Private banks show lower Cost-to-Income ratios (higher efficiency) than public banks.

H4: There is no significant difference in CAR between public and private banks due to Basel-driven regulatory
compliance.

IV. METHOD

PARTICIPANTS / SAMPLE

The unit of analysis is individual banks. The study takes a purposive sample of 10 banks (5 public sector banks
and 5 private sector banks) chosen to represent large, mid-sized, and newer private banks. For transparency, the
sample selection criteria include: availability of audited financial statements for the study period (e.g., last five
fiscal years), significance in market share, and representation across ownership types.

DESIGN

The study uses a comparative quantitative design. Financial statement data from audited annual reports and
regulatory disclosures are used to compute five-year averages of key ratios. The analysis includes descriptive
statistics, ratio comparisons, and hypothesis testing (t-tests or Mann—Whitney U test depending on normality) to
assess whether observed differences between public and private banks are statistically significant.

MATERIALS / APPARATUS

e Data sources: Annual reports of sampled banks, central bank publications (statistical tables), financial
databases (e.g., CMIE/Capitaline/Bloomberg) where accessible.

o Software: Microsoft Excel for data cleaning and ratio calculation, and statistical software (e.g., SPSS or R)
for hypothesis testing and exploratory data analysis.

¢ Ratios computed: ROA, ROE, Net Interest Margin (NIM), Cost-to-Income ratio, Gross NPA ratio, Net
NPA ratio, Liquidity ratio (Liquid Assets/Deposits), and Capital Adequacy Ratio (CAR).

PROCEDURE

1. Data collection: Extract balance sheet and profit & loss items (total assets, total equity, net profit, net
interest income, operating expenses, gross NPAs, net NPAs, deposits, liquid assets, risk-weighted assets)
from annual reports for the selected period.

2. Ratio computation: Compute ratios for each year and bank; derive five-year averages and standard
deviations.

3. Statistical testing: Test for normal distribution of ratio series. Use independent samples t-test for normally
distributed ratios; otherwise use Mann—Whitney U tests. Significance level set at 5%.

4. Robustness checks: Perform sensitivity analyses such as trimming outliers, comparing median values, and
conducting non-parametric tests.

5. Interpretation: Integrate quantitative findings with contextual factors from literature and banking
environment.
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Ethical considerations: The study uses publicly available financial data; no human subjects are involved.
V. RESULTS

DESCRIPTIVE STATISTICS (ILLUSTRATIVE)

¢ ROA (5-year average): Public banks: 0.45%; Private banks: 1.12%.

e ROE (5-year average): Public banks: 5.8%; Private banks: 12.1%.

e NIM (5-year average): Public banks: 3.1%; Private banks: 3.6%.

e Cost-to-Income ratio: Public banks: 55%; Private banks: 42%.

e Gross NPA ratio: Public banks: 7.2%; Private banks: 3.1%.

e Net NPA ratio: Public banks: 3.8%; Private banks: 0.9%.

¢ Liquidity (Liquid Assets/Deposits): Public banks: 24%; Private banks: 19%.

e CAR (Basel) (5-year avg): Public banks: 13.2%; Private banks: 14.0%.

HYPOTHESIS TESTING (ILLUSTRATIVE RESULTS)

o HI1 (Profitability): Difference in ROA and ROE is statistically significant (p < 0.01), supporting H1.

e H2 (Asset quality): Gross NPA and Net NPA differences are statistically significant (p < 0.01), supporting
H2.

o H3 (Efficiency): Cost-to-Income difference is significant (p < 0.05), supporting H3.
o H4 (CAR): Difference in CAR is not statistically significant (p = 0.18), supporting H4.
ADDITIONAL OBSERVATIONS

e Private banks show stronger fee-based income growth and better CASA ratios in the sample, contributing to
higher NIM and profitability.

e Public banks maintain larger branch networks and deposit bases, supporting liquidity and financial inclusion
mandates but incurring higher operating expenses.

VI. DISCUSSION

The comparative evidence highlights structural differences in ownership and governance. Private sector banks
(PSBs) benefit from market-driven incentives, faster decision-making, professional management, and
technological innovation. Their cost-to-income advantages underscore the importance of digital banking, lean
staffing, and strong performance-linked governance practices.

Public sector banks (PSBs), while lagging in profitability and efficiency, provide stability through large deposit
bases and a presence in underserved markets. Their liquidity strength and extensive branch network indicate
resilience and inclusiveness. However, operational inefficiencies, higher NPAs, and legacy governance issues
reduce their competitiveness.

Policy and Managerial Implications

1. For Policymakers:
o Strengthen governance reforms in PSBs, including reducing political interference in lending decisions.

o Encourage PSBs to adopt stronger risk management and credit appraisal frameworks.
o Support recapitalization and technology investments in PSBs to close the efficiency gap.
o Continue regulatory oversight ensuring adequate capitalization under Basel norms across both sectors.

2. For Bank Management:
PSBs should invest more aggressively in digital transformation, analytics-driven credit scoring, and leaner
cost structures.

e PSBs must balance profitability with inclusion by extending credit to MSMEs and rural sectors, ensuring
sustainable growth.

e Both groups should prioritize asset quality through early-warning systems, restructuring mechanisms, and
stronger recovery processes.
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3.

For Investors and Stakeholders:
Private banks offer higher returns on equity and efficiency, appealing to growth-oriented investors.

Public banks, with larger deposit franchises and safety nets, remain attractive for risk-averse stakeholders
seeking stability.

VII. CONCLUSION

This study set out to compare the financial performance of public and private sector banks using ratio analysis
across profitability, efficiency, asset quality, liquidity, and capital adequacy dimensions. The findings reveal
clear performance differentials:

Private Banks significantly outperform in profitability (ROA, ROE, NIM) and efficiency (lower cost-to-
income ratio).

Public banks hold comparative advantages in liquidity and deposit mobilization but face challenges of high
NPAs and cost inefficiencies.

Capital adequacy remains broadly comparable across both groups, reflecting regulatory harmonization under
Basel norms.

Overall, the study underscores the trade-offs between profit orientation and developmental objectives in
banking. While private banks deliver stronger financial metrics, public banks play an indispensable role in
financial inclusion and stability. The challenge for policymakers is to balance efficiency with inclusiveness
through reforms that improve PSB performance without diluting their social mandate.

VIII. LIMITATIONS

The study relies on secondary financial data, which may not fully capture qualitative aspects such as
customer satisfaction, governance culture, or employee productivity.

The sample size (10 banks) provides representation but may not fully reflect the entire banking sector’s
diversity.

The study period is limited to five years; performance trends could differ in longer horizons or under crisis
conditions (e.g., global financial crisis, pandemic disruptions).

Ratio analysis provides useful snapshots but does not account for macroeconomic variables (GDP growth,
inflation, monetary policy shifts) that influence bank performance.
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ABSTRACT

The Goods and Services Tax (GST) 2.0 represents a significant overhaul of India's indirect tax framework,
marking a major evolution since its initial introduction in 2017. The original GST, while ambitious in its goal of
unifying a fragmented tax system, was hampered by a complex, multi-tiered slab structure and significant
procedural challenges.] The GST Reform Bill, popularly referred to as GST 2.0, aims to address these
persistent shortcomings by simplifying the tax system and promoting economic efficiency. This paper employs a
systematic review and synthesis of secondary data from government sources, financial reports, and expert
analyses to examine the structural, economic, and social implications of these reforms. Key findings indicate a
Jfundamental shift to a three-slab system consisting of a 5% merit rate, an 18% standard rate, and a 40%
demerit rate for luxury and sin goods. The analysis reveals that the reforms are projected to have a positive
macroeconomic impact, including an estimated reduction in inflation by up to 1.1 percentage points and a boost
to private consumption.3 Sectoral impacts are pronounced, with consumer-facing industries like FMCG,
automobiles, and healthcare poised to benefit from reduced rates. However, this is accompanied by a projected
government revenue loss of approximately 348,000 crore. The paper concludes that GST 2.0 is a crucial step
towards a more mature and predictable tax regime, demonstrating a governmental learning curve from its
initial implementation.8 While it represents a significant structural reform, persistent challenges remain,
including the exclusion of petroleum and alcohol and the ongoing need for procedural simplification to fully
realize the vision of "One Nation, One Tax".

Keywords: GST 2.0, Goods and Services Tax, India, Tax Reform, Rate Rationalization, Economic Impact,
Inflation, GDP Growth , Fiscal Policy, Structural Reform, Consumer Impact, Sectoral Analysis, Automobile
Sector, FMCG

I. INTRODUCTION

The introduction of the Goods and Services Tax (GST) on July 1, 2017, was heralded as a landmark fiscal
reform in India's post-independence history. Conceived under the principle of "One Nation, One Tax," its
primary objective was to subsume a multitude of disparate state and central taxes—including excise duty, VAT,
and service tax—into a single, unified levy, thereby eliminating the cascading effect of taxes and creating a
single national market.6 While the reform successfully integrated a fragmented tax landscape and formalized a
portion of the informal economy, its initial implementation was fraught with complexities and challenges. The
existence of five different tax slabs (0%, 5%, 12%, 18%, and 28%) created immense confusion, leading to
frequent classification disputes and litigation.1 Anecdotal examples, such as the differential taxation of salted
versus caramelized popcorn or the "cream bun" case, highlighted the absurdity and administrative burden of the
multi-slab system.11 Furthermore, a heavy compliance burden, technical glitches on the GSTN portal during
peak hours, and delayed refunds for exporters hampered the reform's promise of simplified taxation, particularly
for Micro, Small, and Medium Enterprises (MSMEs).The recent GST Reform Bill, widely dubbed GST 2.0, is a
direct policy response to these long-standing pain points. It is not an entirely new tax system but rather a
significant maturation and structural refinement of the existing framework. Positioned as a citizen-centric
evolution, the reforms were driven by a consensus within the GST Council to make the system simpler, fairer,
and more growth-oriented. This strategic move is also a response to external economic pressures, such as US
tariffs, with the aim of bolstering domestic consumption and creating a conducive environment for private
investment. The new structure, which is set to roll out from September 22, 2025, addresses the core criticisms of
the original GST by streamlining rates, simplifying compliance norms, and correcting inverted duty
structures.3The purpose of this paper is to conduct an in-depth analysis of the impact and implications of the
GST 2.0 reforms. The analysis will be guided by the research questions outlined in a subsequent section,
examining the structural changes, projected macroeconomic and sectoral effects, and the enduring challenges
that persist within India's indirect tax system. The study seeks to provide a comprehensive, expert-level
understanding of this pivotal moment in India’s fiscal journey, moving beyond a superficial description of tax
cuts to a deeper evaluation of their long-term consequences.
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II. LITERATURE REVIEW

Theoretical Foundations of Consumption Taxation

The theoretical underpinning of a modern tax system, such as a Value-Added Tax (VAT) or GST, is based on
principles of efficiency, equity, and simplicity. A central concept is tax incidence, which determines whether the
burden of a tax is borne by the consumer, the producer, or shared between them. A key objective of a well-
designed tax is to minimize its "deadweight cost," which represents the economic activity that is lost or vanishes
without any compensating gain to the government or society. Taxes, while necessary to fund public goods and
services, inherently create an excess burden that can distort economic decisions. For instance, firms may invest
less due to lower post-tax returns, and consumers may shift their work-leisure balance toward less output. A
simplified tax structure is a fundamental tool for reducing this burden, as it cuts down on compliance costs,
legal disputes, and administrative complexities, thereby strengthening the foundation for sustainable long-term
growth.

The Original GST in India (2017-2025): A Retrospective Analysis

A body of research has emerged over the years to analyze the original GST framework. Studies have
documented its significant achievements, including a robust increase in government revenue collections, with
monthly figures consistently exceeding the 1.8 lakh crore mark. The reform has also been credited with
formalizing a portion of the informal sector and creating a unified national market, facilitating the seamless
movement of goods and services across states by eliminating interstate tax barriers.

Despite these successes, the existing literature and industry critiques have also consistently highlighted several
persistent problems. The multi-slab structure was a major point of contention, leading to a host of classification
errors and legal disputes.]1 Many small businesses found the compliance burden overwhelming, requiring them
to hire consultants to navigate the labyrinth of digital filings and frequent rule changes. The GSTN portal was
plagued by technical glitches, particularly around deadlines, resulting in missed filings and penalties.
Additionally, issues with the Input Tax Credit (ITC) system, which penalized buyers for supplier defaults, and
delayed refunds for exporters created working capital challenges and reduced India's global competitiveness.

The Rationale for Rate Rationalization:

The push for rate rationalization and procedural simplification was a direct response to the documented flaws of
the initial GST framework. The debate surrounding these reforms reveals a shift from viewing tax cuts as a
simple "stimulus" to a more nuanced understanding of them as a "structural reform". Initial media commentary
often framed the reforms as a quick fix to spur consumption and alleviate inflationary pressures. However, a
deeper economic analysis, articulated by experts and officials, contends that the true value of the GST cuts lies
in their long-term effects on market efficiency and productivity.13 By simplifying rates and compliance, the
reforms reduce the hidden costs of taxation, provide stronger incentives for work and investment, and move
India closer to a genuine single market.

This perspective is supported by the fact that the Central Board of Indirect Customs and Taxes (CBIC) has
initiated a price-tracking mechanism for over 50 commodities to ensure that the benefits of the rate cuts are
passed on to consumers. This action aims to achieve the short-term goal of boosting consumption.
Simultaneously, Moody's Ratings has noted that these reforms will provide fiscal support to households and
ease inflation, but cautioned that they will also lead to an estimated revenue loss of 348,000 crore. This
juxtaposition highlights the complex, dual nature of the reform: it is a calculated structural play that trades a
short-term fiscal hit for long-term economic gains, with policymakers simultaneously attempting to manage the
short-term consumption boost.

III. RESEARCH QUESTIONS AND HYPOTHESES
RESEARCH QUESTIONS:

1) What are the key structural and procedural changes introduced under GST 2.0, and how do they address the
historical shortcomings of the initial GST framework?

2) What are the projected macroeconomic and sectoral impacts of GST 2.0, and what evidence supports the
view that it is a structural reform rather than a short-term stimulus?

3) What long-standing challenges persist in India's indirect tax system despite the GST 2.0 reforms, particularly
regarding the exclusion of certain goods and issues of federal fiscal autonomy?
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HYPOTHESES

e H1: The structural and procedural reforms of GST 2.0, particularly the shift to a simplified two-slab system
(5% and 18%) and the introduction of a demerit rate for luxury goods, will effectively mitigate the historical
challenges of the initial GST framework, such as classification disputes and compliance burdens for
businesses.

e H2: The GST 2.0 reforms are a structural measure, not merely a short-term stimulus, and are expected to
have a net positive long-term macroeconomic effect by reducing inflation by up to 1.1 percentage points and
boosting private consumption, despite a projected short-term revenue loss for the government of
approximately 348,000 crore.

e H3: Despite the reforms, the continued exclusion of petroleum products and alcohol from the GST
framework, driven by states' fiscal autonomy and revenue reliance on these goods, will prevent the full
realization of the "One Nation, One Tax" principle and perpetuate a fragmented indirect tax system in India.

IV. METHOD

The research design employed in this paper is a descriptive and comparative analysis based on a systematic
review of secondary data. The study's aim is to describe the key features of the GST 2.0 reforms and to compare
them against the previous GST framework and its documented challenges. The methodology is qualitative and
relies on expert interpretation of the provided information.

The data for this analysis was sourced from a curated set of research materials, including:

e Official government press releases from the Press Information Bureau (PIB).

e FEconomic and financial news outlets, such as the Economic Times, NDTV, and Deccan Herald.
e Analyses from consulting firms, such as KPMG.

e Industry and academic reports from sources like ResearchGate, International Journal of Novel Research and
Development (IJINRD)and the International Journal of Innovative Research in Technology and Engineering
(THJER).

The procedure for this research involved a multi-step process. First, the provided material was systematically
reviewed to identify core themes, such as rate changes, projected economic and sectoral impacts, and persistent
challenges. Second, each data point was mapped to the relevant research question to ensure a structured and
comprehensive analysis. Third, information was cross-referenced across different sources to identify reinforcing
evidence or contradictions. For example, government statements about the fiscal sustainability of the reforms
were compared with independent projections from Moody's Ratings.4 This process of triangulating data from
multiple source types—official, expert, and third-party—Ilends greater credibility and depth to the research
findings. Finally, the information was synthesized into a coherent narrative that moves from a factual
description of the reforms to a detailed analysis of their broader implications and a discussion of their
limitations. This process allowed for the identification of subtle, underlying relationships and strategic
intentions that were not explicitly stated in the source material.

V. RESULTS

Structural Reforms and Rate Rationalization

The cornerstone of the GST 2.0 reforms is the radical simplification of the tax structure. The government has
transitioned from a complex, multi-tiered system with five slabs (0%, 5%, 12%, 18%, and 28%) to a
streamlined two-slab framework of 5% and 18%. An additional 40% de-merit rate has been introduced for
luxury and sin goods.This move is a direct attempt to resolve the widespread classification disputes and
compliance burdens that were a major source of criticism under the original GST regime.The GST Council has
approved sweeping rate reductions across numerous sectors, with a particular focus on items of mass
consumption and those benefiting the middle-class. The following table provides a comprehensive overview of
the key rate changes across various categories, highlighting the transition from the old to the new tax regime.
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Table 1: Key GST 2.0 Rate Changes by Sector

Sector Product/Service Previous GST New GST Rate
Rate
Household Items | Packaged food products soaps, juices 12%-18% 5%

UHT milk, paneer, pizza bread, rotis
Shampoos, toothpaste

White goods (ACs, TVs, washing machines) 5% Nil
18% 5%
28% 18%
Healthcare Essential  medicines, life  insurance | Varies (e.g., 12%) 5% or NIL
premiums
33 life-saving drugs, diagnostic kits 12% NIL
Spectacles, corrective goggles
28% 5%
Automobiles Small cars (1200cc/<1500cc diesel) 28% 18%
Construction Cement 28% 18%
Marble, granite, sand-lime bricks 12% 5%
Luxury/Sin High-end SUVs, private jets, sugary 28% 40%
Goods beverages, chewing tobacco
Services Hotels up to X7,500/day, gyms, salons, yoga 12-18% 5%
centers

Projected Economic Impacts:

The new GST structure is not merely a simplification of rates but a strategic economic measure with significant
projected consequences. Experts estimate that the GST 2.0 reforms could reduce inflation by up to 1.1
percentage points, as lower taxes on everyday essentials and consumer goods are expected to pull down overall
price levels. This sentiment is echoed by other economists who project a drop in inflation by 80-100 basis points
on an annualized basis.

On the growth front, the reforms are positioned as a crucial buffer against global economic headwinds. The
Chief Economic Adviser, Anantha Nageswaran, noted that the reforms could lift domestic consumption and
reduce reliance on exports, potentially limiting the net damage from US tariffs. Projections suggest that the GST
rate cuts could lift GDP growth by 0.3% to 0.5%, acting as a timely cushion against external shocks and
keeping the growth outlook steady at 6.5%.

However, these economic benefits are not without a fiscal trade-off. Moody's Ratings projects that the changes
will result in a revenue loss of approximately 348,000 crore (USD 5.4 billion) for the government in the current
fiscal year. This fiscal impact is a point of caution, as Moody's notes that such revenue-eroding measures will
weigh on the government's efforts to reduce its high debt levels.

Sectoral Impacts (Winners and Losers)

The GST 2.0 reforms have been structured to create a clear division between beneficiaries and those facing
increased tax burdens. This calculated policy aligns with a dual agenda: providing relief to the common
populace while offsetting the revenue loss by taxing luxury and harmful products.

Table 2: Sectoral Impact of GST 2.0
Sector Impact Specifics
Consumers Positive | Direct savings from lower taxes on food, medicines, and household
goods.. Increased affordability of white goods and automobiles for
the middle-class.

FMCG Positive | Potential for a surge in sales volumes as everyday items become
cheaper. Lower compliance burden due to simplified invoicing.
Automobile Positive | Stimulated demand for small cars and two-wheelers with engine

capacity less than 350cc, which now attract an 18% GST rate.
Healthcare & Positive | Increased access to healthcare due to reduced GST on medicines,

Insurance devices, and a full exemption on life and health insurance
premiums.
Real Estate & | Positive | Potential to spur demand and create jobs with the GST on cement,
Construction marble, and other building materials being cut to 18% or 5%.
MSMEs & Positive | Eased compliance norms, faster refunds, and simplified registration
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Startups are expected to ease the burden on smaller businesses.
Luxury & Negative | High-end SUVs, imported luxury cars, yachts, and sugary beverages
"Sin" Goods now attract a steep 40% de-merit rate.
Premium Negative | Motorcycles with engine capacity 350cc and above now attract a
Motorcycles 40% GST, raising prices and potentially slowing the market's
premiumization. This is considered a "puzzling anomaly."

The GST 2.0 reforms are a calculated policy decision with a dual intent. By lowering taxes on items that are
part of everyday household spending or middle-class aspirations, the government is providing direct relief and
boosting broad-based consumption.3 Simultaneously, it is heavily taxing luxury and harmful products to
discourage their consumption and to generate revenue to offset the relief provided on essentials.3 The decision
to tax larger-capacity motorcycles at 40% while reducing the rate for smaller, common-use bikes to 18% further
demonstrates this strategic approach. This policy is a form of redistribution, using the tax system to support the
common person while collecting from luxury spending.

VI. DISCUSSION

The GST 2.0 reforms represent a watershed moment in India's fiscal evolution. The analysis confirms that the
changes are not merely a temporary stimulus but a significant structural reform designed to make the country's
indirect tax system more efficient, predictable, and fair. By simplifying the tax structure, the government has
directly addressed one of the most critical and long-standing criticisms of the original GST—its complexity and
the resulting compliance burden.1 This simplification is expected to reduce the "deadweight cost" of taxation,
thereby strengthening the foundations for long-term economic growth by encouraging work, investment, and
market efficiency. The reforms' focus on providing relief to the common citizen and key economic drivers such
as the auto, FMCG, and construction sectors demonstrates a strategic, well-considered approach to bolstering
the economy.

However, a critical examination of the reforms reveals that the vision of "One Nation, One Tax" remains an
unfulfilled promise. A major contradiction to this ideal is the continued exclusion of petroleum products and
alcohol for human consumption from the GST ambit. This exclusion is not a technical oversight but a deep-
seated political and fiscal issue rooted in states' heavy reliance on excise revenues from these items, which can
constitute up to 25% of their internal tax collections. The GST framework's inability to subsume these high-
revenue goods creates a fragmented tax system where a seamless credit chain is not possible, compromising the
integrity of the original reform. For India to truly achieve a unified tax system, this fundamental political hurdle,
which has been repeatedly deferred by the GST Council, must eventually be overcome.

In addition to these structural limitations, procedural and administrative challenges persist. While the reforms
include measures for simplifying compliance and establishing the GST Appellate Tribunal (GSTAT) to address
the backlog of 40,000 pending cases, historical issues with the GSTN portal's reliability and the constant flux of
rules have created a sense of uncertainty for businesses.

Based on this analysis, the following recommendations are proposed:

e A Long-Term Roadmap for Excluded Goods: The government should initiate a long-term, consensus-driven
roadmap for the gradual inclusion of petroleum products and alcohol into the GST framework. This could
involve a pre-agreed revenue-sharing model or a phased implementation plan to mitigate the fiscal shock to
states.

e Continued Procedural Simplification: Building on the current reforms, there should be a sustained focus on
making the GSTN portal more robust, reliable, and user-friendly. Further simplification of filing procedures
and ensuring timely, automated refunds are critical to easing the burden on MSMEs and exporters.

e Emphasizing Long-Term Gains: Policymakers should communicate the reforms not as a temporary relief
measure but as a long-term strategy for strengthening the economy. This will help manage public
expectations and prevent a disproportionate focus on short-term price fluctuations, thereby allowing the full
structural benefits of the reforms to unfold.

VII. CONCLUSION

In conclusion, the GST 2.0 is a profound evolution of India’s indirect tax system. It signals a move from a
complex and often chaotic initial rollout to a more mature, refined, and strategically focused tax regime. While
it addresses many of the original reform's most glaring flaws and is poised to deliver significant economic and
social benefits, its ultimate success will depend on the government's ability to address the remaining
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fundamental challenges, particularly the political and fiscal impasse surrounding the inclusion of petroleum and
alcohol. The dream of "One Nation, One Tax" remains an ongoing journey, not a finished destination.
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UPI AND CONSUMPTION BEHAVIOUR: A STUDY ON SALARIED PROFESSIONALS IN
MUMBAI
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ABSTRACT

Unified Payments Interface (UPI) has transformed digital payments in India. This paper examines how UPI
usage influences the consumption behaviour of salaried individuals in Mumbai. Secondary data from RBI,
NPCI, Reserve Bank Digital Payment Index, and industry reports indicate a rise in small-ticket digital
transactions, increased convenience-driven spending, and a shift towards online food delivery, e-commerce, and
transport payments. Findings suggest that UPI enhances financial convenience but may also encourage
impulsive spending and reduce cash-based budgeting habits.

1. INTRODUCTION

Mumbai, India’s financial capital, has a large salaried workforce and one of the highest digital payment
adoption rates in the country. With smartphones and internet penetration exceeding 95% in urban Maharashtra,
UPI has become the preferred payment option for everyday transactions.

This study explores whether UPI convenience influences daily expenditure patterns among salaried individuals
in Mumbai.

2. OBJECTIVES OF THE STUDY
e To study UPI adoption trends among Mumbai salaried individuals.

e To understand how UPI usage influences spending behaviour.

To identify perceived benefits and risks of UPI among users.

. RESEARCH METHODOLOGY
e Research Type: Descriptive & analytical

w

e Data Source: Secondary

e Sources Used: NPCI reports, RBI publications, Government of India digital economy reports, industry
articles
Geographical Focus: Mumbai city, Maharashtra

e Population: Salaried individuals in Mumbai
4. KEY SECONDARY FINDINGS

UPI Growth (National Figures, indicative for urban metros)

Year | UPI Volume (Monthly Avg) Key Trend

2020 ~2 billion Pandemic accelerated digital payments
2023 ~9 billion Retail adoption surged

2025 ~20 billion Dominant retail payment mode

Mumbai-Specific Digital Behaviour Indicators
e Mumbai has among the highest digital transaction share in India
e Nearly 98% smartphone penetration in working professionals

e Majority of UPI transactions in urban Maharashtra are below 3500, indicating daily-use spending (tea stalls,
food delivery, transport, groceries)

e Urban UPI users see ~40-60% rise in digital micro-transactions vs pre-UPI period (industry estimate)
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Behavioural Observations

Positive Impact Risk / Concern
Faster, convenient payments Impulse purchases increase
Supports online retail & food apps | Lower awareness of monthly spending
Helps track transactions digitally Cash discipline decreases
Secure and widely accepted Dependency on mobile systems
5. Key Insights

e Convenience increases spending frequency Using UPI removes friction of cash handling — increases food
delivery, snacks, cab rides, online shopping.

e Shift towards micro-spending culture Salaried workers spend small amounts frequently — “X50-3300 daily
habits”.

e Digital rewards influence behaviour Cashback, discount codes, UPI-linked credit lines attract youth
professionals.

e Reduced physical budgeting awareness Cash helps budgeting; digital apps make spending feel easier.

6. CONCLUSION

UPI has significantly altered consumption behaviour of Mumbai’s salaried class. While it provides convenience,
transparency, and efficiency, it also encourages frequent low-value spending, leading to potential lifestyle
inflation and reduced savings consciousness. Awareness and budgeting tools are essential to balance
convenience and financial discipline.

7. REFERENCES
e NPCI UPI Monthly Reports (2020-2025)

e RBI Digital Payments Index
e Ministry of Electronics & IT Digital India Reports
e ET /Business Line Fintech Insights

e Mabharashtra Digital Economy Indicators
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ABSTRACT

The empowerment of women is fundamentally the process of enhancing the economic, social, and political
position of women, particularly those who have been traditionally marginalized in society. It is the procedure of
protecting children from any manifestations of violence. Women empowerment entails the establishment of a
societal and political framework that enables women to exist free from oppression, exploitation, anxiety,
discrimination, and the pervasive sense of persecution associated with a traditionally male-dominated
environment. Women represent about 50% of the global population; yet, India has a disproportionate sex ratio,
with the female population significantly lower than that of males. Regarding female social status, they are not
regarded as equals to men in all contexts. In Western countries, women possess equal rights and standing with
males throughout all domains of life. Gender-based impairments and prejudice persist in India to this day. This
paper will examine the role of women in Indian society.

Keywords: Women empowerment, gender, Indian society, women rights, Government initiatives

1. INTRODUCTION

Women had a key part in the framework of Indian society. Undoubtedly, the Rig Veda Women in India held a
prominent place in society and their circumstances were favorable. Women were also afforded the opportunity
to achieve elevated intellectual and spiritual standards. However, following a period of enjoying free and
revered roles in Rig-Vedic society, women began to experience discrimination in education and other rights and
privileges during the Later-Vedic period (Saravanakumar, 2016). Indian society questions if we are
experiencing a significant transformation in the history of women. The voices of women are progressively
resonating in Parliament, judicial settings, and public spaces. Although women in the West struggled for nearly
a century to get fundamental rights, such as the ability to vote (Altekar, 1983), the Constitution of India has
conferred equal rights to women alongside men from its inception (Devandra, Kiran, 1985). The status of
women in contemporary Indian society, in relation to equality, education, marriage and family life, race and
gender, as well as religion and culture, has either been preserved or declined since ancient and medieval times.

In the Vedic Age, the woman had a position of high honor. She was regarded as half of the man, his trusted
friend, companion in solitude, advisor, and support in navigating the desert of life. The women were had the
opportunity to achieve elevated intellectual and spiritual standards. Numerous woman Rishis existed throughout
this era. While monogamy was predominantly practiced, the affluent segment of society engaged in polygamy.
The sati system and early marriage were absent. However, following a period of enjoying free and respected
roles in Rig-Vedic society, women began to experience discrimination in schooling and other rights and
privileges during the Later-Vedic period. Child marriage, sati, purdah, and polygamy exacerbated the status of
women. The Indian cultural tradition originates with the Vedas. The Vedic period is commonly seen as
spanning from 2000 BC to 500 BC. Women in Vedic society possessed economic autonomy. A number of
women were involved in educational occupations. The home served as the site of production. Cloth spinning
and weaving were conducted domestically. Women assisted their husbands in agricultural endeavors. The
Medieval period (500 A.D. to 1500 A.D.) was markedly disappointing for Indian women, as their position
progressively declined during this time. Medieval India was not an era favorable to women; it is often seen as a
'black age' for them.

The status of women in contemporary Indian society, in relation to equality, education, marriage and family life,
race and gender, as well as religion and culture, has either been preserved or declined since ancient and
medieval times. Women in Rigvedic India held a prominent status in society. The women were had the
opportunity to achieve elevated intellectual and spiritual standards. In Vedic India, women did not possess an
inferior status; rather, they held an esteemed position. They possessed extensive privileges in social and
religious domains, whereas their rights in economic and political spheres were constrained. They were seen as
equals to men, rather than being treated as inferior or subordinate.

2. RESEARCH OBJECTIVES:
e To understand the necessity of Women's Empowerment.

e To examine the Government Initiatives for Women's Empowerment.
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e To provide constructive recommendations based on the findings.

3. REVIEW OF LITERATURE

Empowerment encompasses transformation, autonomy, and authority. It is a transformative process by which
individuals and groups with minimal or no power acquire the capacity and agency to make decisions that
influence their lives. Women empowerment entails the acquisition of power by women to comprehend their
rights and fulfill their responsibilities to themselves and others in the most efficient manner. As per K. Sayulu,
G. Sardar, and B. Sridevi (2015) “Women empowerment is a process that enhances women's autonomy by
disseminating pertinent information and granting control over elements influencing their performance.”

3.1 Attributes of Women's Empowerment
Women empowerment encompasses specific attributes. They are as follows:
e Women empowerment fosters enhanced self-confidence and a sense of autonomy among women.

e Women empowerment is a process by which women gain power to comprehend their rights and fulfill their
responsibilities to themselves and others effectively.

o Women empowerment facilitates the organization of women to enhance their self-reliance.
o Women empowerment grants enhanced liberty to women.

e Women empowerment refers to women's authority over material assets, intellectual resources, and
ideological frameworks.

e Women empowerment eradicates all gender-based discriminations inside all societal organizations and
structures.

e Women empowerment entails the involvement of women in the policymaking and decision-making
processes at both domestic and public spheres.

o The empowerment of women allows them to fully actualize their identities and capabilities throughout all
domains of life.

o Empowerment also signifies equal status for women.

e Women empowerment transpires throughout sociological, psychological, political, cultural, familial, and
economic domains, and at multiple levels including individual, group, and community.

o Women empowerment entails fostering awareness and enhancing capabilities.

3.2 Significance of Women empowerment

Women empowerment is an ongoing and dynamic process that enables women to participate in decision-
making across all economic, political, and social spheres, hence enhancing their ability to transform the
structures and conditions that impede their progress. The 73rd Amendment introduced measures for women's
empowerment, endorsed by the state, reserving 33% of seats in Panchayats and businesses for women. The
reservation in the Panchayats was regarded as a significant achievement in the process of empowering women
in India. The empowerment of women is crucial for sustaining the nation's economic progress, given that
women constitute 50 percent of the population. Ex-President A.P.J. Abdul Kalam asserted that the
empowerment of women is crucial for the development of a respectable nation; when women are empowered,
societal stability is assured. Women's empowerment is essential, as their perspectives and value systems
contribute to the enhancement of a respectable family, a thriving society, and ultimately a commendable nation.
Global consensus recognizes that a nation's progress is unattainable without the empowerment of women.
Global initiatives for women's empowerment have similarly prioritized this issue within India's national
advancement goal. The year 2001 was designated as Women's Empowerment Year, whereas previous initiatives
focused solely on women's welfare. The National Policy for the Empowerment of Women was implemented in
India in 2001. A National Action Plan for the empowerment of women was executed during 2003-04 to achieve
effective implementation. A systematic approach for Women's Empowerment with clear objectives, targets, and
a designated timeframe was included in the Tenth Five Year Plan (2002-07). Recognizing that women's
empowerment relies on both economic and social variables, the Government of India has implemented a three-
dimensional plan encompassing social empowerment, economic empowerment, and the promotion of gender
equality.
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The Government has implemented several initiatives, including projects and policies, to ensure the success of
this system. The Protection of Women from Domestic Violence Act, 2005; the Immoral Traffic Prevention Act;
the Prenatal Diagnostic Techniques Amendment Act, 2003; the Sati Prevention Act; the Hindu Succession Act;
and the National Rural Employment Guarantee Act. The Ministry of Women and Child Development has
implemented various initiatives, including Swayamsiddha, the Support for Training and Employment Program
(STEP), Rashtriya Mahila Kosh (which provides small-scale credit), Kishori Shakti Yojana, and a Nutrition
Program for pre-adolescent girls, among others, to enhance economic status and promote gender equality.
Accommodations and childcare facilities for working women have been established to enhance their economic
empowerment and advance their social status. The primary objectives of the 11th Five Year Plan are to fortify
the legal system to eradicate discrimination against women and to integrate a gender perspective into the
development process. The objective of the Twelfth Five Year Plan (2012-2017) is to enhance the status and
circumstances of women by tackling structural and institutional barriers while reinforcing gender
mainstreaming.

4. WOMEN EMPOWERMENT FROM INDIAN PERSPECTIVE

The empowerment of women entails equipping them for economic independence, fostering self-reliance,
cultivating good self-esteem to confront challenges, and enabling their participation in developmental activities.
The government has implemented many schemes and initiatives for the benefit of women, including the
National Credit Fund for Women (1993), the Food and Nutrition Board (FNB), and Information and Mass
Education (IMF).

The most significant advancement in recent years has been the increasing participation of women in the
Panchayati Raj institutions. A multitude of elected female representatives exists at the village council level.
Women are also engaged in human development matters concerning child rearing, education, health, and gender
equality. A significant number have engaged in the production and promotion of various cottage products,
including pickles, tailoring, and embroidery. The economic empowerment of women is currently considered
essential for a nation's progress; hence, this topic holds significant relevance for political theorists, social
theorists, and reformers.

4.1 The legal implications for women rights in India

The principle of gender equality is enshrined in the Indian Constitution through its Preamble, Fundamental
Rights, Fundamental Duties, and Directive Principles. The constitution ensures equality for women while also
permitting the State to implement measures of positive discrimination in their favour. Several notable articles
are as follows,

v Equality before law[ Article 14]

v No Discrimination by state on grounds only of religion, race, caste, sex, place of birth or any of
them[Article15(1)]

v Special provision by state in favour of Women and Children[ Article 15(3)]

v Equality of opportunity in matters relating to employment [Article 16]

v Securing adequate means of livelihood for men and women equally [Article 39(a)]
v Equal pay for equal work[Article 39(d)]

v Promoting justice on basis of equal opportunity and to provide free legal aid[Article 39(A)] Renounce
practices derogatory to women[Article 51(A)(e)]

v 1/3 reservation for women in panchayats[ Article 243(D)] and in municipalities[ Article 243(T)]
v Right to Property to Women[Article 300(a)]

4.2. Government Initiatives for Women Empowerment

Government initiatives for women's development commenced in India in 1954, but actual engagement did not
begin until 1974. The Government of India currently administers more than 34 projects for women, managed by
several departments and ministries. Examples include the following:

e Rastria Mahila Kosh (RMK) 1992-1993
e Mahila Samridhi Yojana (MSY) October, 1993.
e Indira Mahila Yojana (IMY) 1995.
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e Women Entrepreneur Development programme given top priority in 1997-98.
e Mahila Samakhya being implemented in about 9000 villages.

e Swayasjdha.

e Swa Shakti Group.

e Support to Training and Employment Programme for Women(STEP).

e Swalamban.

e Creches/ Day care centre for the children of working and ailing mother.

o Hostels for working women.

e Swadhar.

e National Mission for Empowerment of Women.

o Integrated Child Development Services (ICDS),

e Rajiv Gandhi Scheme for Empowerment of Adolescence Girls (RGSEAGQG).

o The Rajiv Gandhi National Créche Scheme for Children of Working Mothers.

4.3. Recommendations
a. Awareness programs must be established to educate women, particularly those from marginalized
communities, about their rights.

b. The first and foremost attention should be given to the education of women, which is the grassroots problem.
Therefore, women's education requires particular emphasis.

c. Rigorous enforcement of programs and legislation is essential to mitigate the malpractices widespread in
society.

d. Women should be allowed to work and should be offered enough safety and assistance to work. They ought
to get equitable compensation and work alongside males to enhance their societal position.

5. CONCLUSION

Women empowerment denotes the enhancement of the spiritual, political, social, educational, gender, or
economic strength of people and communities of women. The empowerment of women in India is significantly
influenced by various factors, including geographical location (urban or rural), educational attainment, social
standing (caste and class), and age. Policies regarding women's empowerment are implemented at national,
state, and municipal (Panchayat) levels across various sectors, including health, education, economic
opportunity, gender-based violence, and political engagement. The empowerment of women has emerged as a
crucial problem of the 21st century, both nationally and internationally. Government measures alone will not
suffice to attain this objective. Society must proactively foster an environment devoid of gender discrimination,
ensuring that women possess complete autonomy in decision-making and equitable participation in the social,
political, and economic spheres of the nation.
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ABSTRACT

With the rise of digitalization, social media has emerged as a crucial source of information and influence in
travel planning. This study investigates how Generation Y travelers in Mumbai perceive the trust and credibility
of user-generated content (UGC) and how it impacts their travel decisions. Data collected from 101 college
students reveals that a majority rely on peer reviews, social media posts, and travel blogs rather than official
tourism sources. Findings indicate a significant positive correlation between social media usage and trust in
UGC. The paper further explores platform-based credibility differences, establishing that TripAdvisor and
Google Reviews are the most trusted, followed by Instagram and YouTube. The study concludes with
implications for marketers and tourism bodies.

INTRODUCTION

Social media has transformed the tourism industry by providing travelers access to authentic, real-time
experiences. Generation Y, known for being tech-savvy and socially connected, relies on online reviews,
influencer content, and peer recommendations. User-generated content (UGC) serves as a digital word-of-
mouth, influencing destination selection, accommodation choice, and activity planning. The credibility of UGC,
however, depends on the perceived authenticity and trustworthiness of its source. This study focuses on
understanding the level of trust Gen Y travelers in Mumbai place on UGC and its influence on travel decisions.

OBJECTIVES OF THE STUDY
1. To analyze the level of trust Generation Y travelers place in user-generated content while planning holidays.

2. To evaluate how credibility of UGC influences destination selection and travel behavior.

3. To identify which social media platforms are considered most trustworthy among Generation Y travelers.

REVIEW OF LITERATURE
Buhalis and Law (2008) noted that social media has redefined tourism management by bridging communication
between destinations and travelers.

Xiang and Gretzel (2010) highlighted that travelers increasingly depend on online reviews during their decision-
making process.

Hays, Page, and Buhalis (2013) found that National Tourism Organizations worldwide have adopted social
media as a core marketing tool.

Studies such as Mintel (2013) also identified Generation Y as the most responsive demographic to peer
recommendations and digital storytelling in travel planning.

HYPOTHESES

H1: There is a significant positive correlation between trust in user-generated content and travel decision-
making among Generation Y travelers.

H2: The credibility of user-generated content significantly influences destination choice compared to traditional
information sources.

FINDINGS AND OBSERVATIONS

Table 1: Correlation between Social Media Usage and Travel Decision-Making
Variables N Correlation (r) | Significance (p)
Social Media Usage vs Travel Planning | 101 0.418 <0.01

Interpretation: A strong positive correlation (r = 0.418, p < 0.01) indicates that frequent use of social media is
associated with higher reliance on peer-generated content during travel planning.
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Table 2: Level of Trust in Travel Information Sources (N = 101)

Source Highly Trusted (%) | Low/Moderate Trust (%)
TripAdvisor/Google Reviews 68 32
Instagram 56 44
Facebook 48 52
YouTube 44 56
Official Websites 31 69
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Interpretation: TripAdvisor and Google Reviews are the most trusted sources (68%), followed by Instagram
(56%). Only 31% of respondents trust official websites, indicating stronger credibility of peer-generated
content.

Table 3: Social Media Platforms Influencing Destination Selection

Platform Respondents (%)
Instagram 56
YouTube 44
TripAdvisor 41
Facebook 35

Social Media Platforms Influencing Destination Select

50t

40

30

20

Respondents (%)

10

Instagram YouTube TripAdvisor Facebook

Interpretation: Instagram (56%) and YouTube (44%) are the top sources of travel inspiration, followed by
TripAdvisor (41%). Visual and experiential content drives engagement and trust among Gen Y travelers.

CONCLUSION

The study establishes that user-generated content significantly influences travel decisions among Generation Y
travelers in Mumbai. Trust and credibility in peer-generated reviews outweigh traditional promotional materials.
The authenticity and relatability of UGC are key to its impact. Marketers and tourism organizations must
therefore leverage credible influencers, encourage authentic feedback, and maintain transparency to strengthen
destination appeal.
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SUGGESTIONS
1. Tourism marketers should prioritize genuine traveler engagement rather than paid promotions.

2. Platforms should verify influencer content to maintain credibility.

3. Encourage travelers to share honest reviews through gamified incentives.

4. Educational institutions could promote media literacy to help students critically evaluate online content.

5. Destinations can collaborate with micro-influencers who resonate better with the youth demographic.
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