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HARNESSING AI FOR ENHANCED PROJECT MANAGEMENT

Mrs. Sarita Gupta
Research Scholar
P.K. University
Dr. Nalla Bhaskar
Dean Research
P.K. University
sarita.spgupta@gmail.com
ABSTRACT

Artificial intelligence (Al) is revolutionizing project management by augmenting human capabilities,

streamlining processes, and driving innovation. This paper explores the transformative potential of Al in project
planning, risk assessment, resource allocation, and performance monitoring. By leveraging machine learning
algorithms, predictive analytics, and natural language processing, Al can empower project managers to make
data-driven decisions, identify potential roadblocks, and optimize project outcomes.

The integration of Al in project management offers numerous benefits, including improved efficiency, reduced
costs, enhanced collaboration, and increased project success rates. Al-powered tools can automate routine tasks,
provide real-time insights, and facilitate proactive decision-making. Furthermore, Al can help project managers
anticipate and mitigate risks, allocate resources more effectively, and ensure that projects are delivered on time,
within budget, and to the required quality standards.

This paperwill discuss the applications, benefits, and future directions of Alinproject management, includingthe
potential for Al-driven project management platforms, intelligentautomation, and human-Al collaboration. The
findings of this research will provide valuable insights for project managers, organizations, and researchers
seeking to harness the power of Al to drive project success.
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EVALUATING THE ROLE OF ESG (ENVIRONMENTAL, SOCIAL,
GOVERNANCE) INVESTMENTS IN ENHANCING CORPORATE
FINANCIAL PERFORMANCE IN INDIA

Aastha Chaturvedi
Student (MBA, final semester)
Madhav Institute of Technology and Science,
Gwalior, Madhya Pradesh
aasthachaturvedi2001@gmail.com

ABSTRACT

This research explores the effects of Environmental, Social, and Governance (ESG) investments on
improving Indian corporate financial performance in a fast-growing economy with distinctive
sustainability issues. Using a rich dataset of Indian companies listed on the National Stock Exchange
between 2015 and 2022, the study uses sophisticated econometric methods, such as fixed-effects and
quantile regression models, to examine the association between ESG scores and financial performance
measures like Return on Assets (ROA), Return on Equity (ROE), and Tobin's Q.

The results show a complex effect of ESG practices on financial performance. Although the social and
governance pillars reflect a positive correlation with financial performance, the environmental pillar
reflects a less uniform impact across industries. Most notably, resource companies reflect poorer ESG
performance, and specifically in environmental factors, reflecting the sectoral difficulties of adopting
sustainable practices. In addition, the research finds that firms with bigger size and more intangible assets
and greater analyst coverage perform better on ESG scores, implying that size and visibility facilitate

adoption of sustainable behaviors.

These findings highlight the necessity of incorporating ESG factors into business strategies, not just for
ethical and compliance reasons but as a catalyst for financial performance. This research adds to the
emerging literature on ESG investing in emerging markets and offers useful guidance for policymakers,

investors, and business managers seeking to create sustainable economic growth in India.
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1. INTRODUCTION

In the new reality of international finance, Environmental, Social, and Governance (ESG) considerations
have become key factors guiding business strategy and performance. ESG refers to a firm's dedication to
environmental conservation, social responsibility, and good governance practices. These aspects have
moved beyond conventional business social responsibility efforts to become central to a company's
operational and financial performance. The relevance of ESG is especially high in emerging markets such

as India, where fast-paced industrialization meets urgent social and environmental imperatives.
The Indian Context: A Confluence of Growth and Responsibility

India, being the world's fifth-largest economy, is at a critical juncture where growth has to be reconciled
with sustainable development. The country's industrial growth, urbanization, and population shifts require
business practices to be reassessed for long-term sustenance. At this juncture, the ESG factors provide the

framework for business to reconcile profitability with society and environmental health.

The Indian government has identified ESG as critical, introducing regulatory policies to promote corporate
accountability and transparency. The Companies Act of 2013 makes Corporate Social Responsibility
(CSR) expenditures mandatory for specific companies, and the Securities and Exchange Board of India
(SEBI) launched the Business Responsibility and Sustainability Reporting (BRSR) framework in 2021.
The framework mandates the disclosure of comprehensive ESG metrics by the top 1,000 listed companies

to increase transparency and lead investors toward sustainable investment options.
ESG and Corporate Financial Performance: A Sophisticated Relationship

The correlation between ESG practices and the financial performance of companies has been the subject
of much research, with inconsistent findings. In the Indian context, research has suggested that solid ESG
performance contributes to better financial results. For example, a study examining panel data for Indian
companies has identified a positive link between ESG ratings and financial performance metrics like
Return on Assets (ROA), Return on Equity (ROE), and Tobin's Q. These results indicate that firms

performing well on ESG factors might have higher profitability and market capitalization.
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But the influence of ESG on financial results is not consistent across all sectors. Industry-specific
considerations are essential in determining how much ESG approaches contribute to financial
performance. For instance, in capital-intensive industries, environmental efforts are likely to call for heavy
capital expenditure, which can impact profitability in the near term. In contrast, in consumer-oriented
businesses, social and governance considerations have a greater near-term influence on brand image and

customer loyalty, leading to financial benefits.
Challenges and Opportunities in ESG Integration

Although the advantages of ESG integration are clear, Indian businesses are confronted  with a number
of challenges to effectively execute ESG approaches. One such key challenge is the absence of uniform
ESG measures, which hinders their comparison and measurement of ESG performance across businesses.
Further, smaller entities might not possess the capabilities and assets required to create and maintain

thorough going ESG frameworks.

In spite of these challenges, the increasing demand for sustainable investment choices offers scope for
companies to improve their ESG profiles. Investors are more and more taking into account ESG
considerations in investment decisions as they realize that those companies that have strong ESG practices
are likely to provide lower risk and superior long-term returns. This change in investor sentiment is

encouraging companies to use more open and accountable ESG practices.
2. LITERATURE REVIEW

The incorporation of Environmental, Social, and Governance (ESG) considerations into business
strategies has gained unprecedented attention in recent years, especially in emerging markets such as India.
As investors globally are focusing more on sustainability, it is important to realize the effect of ESG
investment on the financial performance of companies. This literature review aggregates empirical
research that explores the connection between the adoption of ESG practices and financial performances
in Indian companies, emphasizing sectoral differences, the role of regulations, and the changing function
of ESG disclosure.
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Sectoral Differences in ESG Effect

Evidence from empirical studies reveals that the effect of ESG practices on financial performance differs
across industries in India. A panel data study of Indian companies over ten years using panel data by
Paridhi (2025) established an overall positive effect of ESG practices on ROA, with meaningful
differences across industries. The research grouped companies into consumer-facing, resource-intensive,
and service sectors and found that social scores uniformly improved ROA in all sectors, whereas
governance scores were unevenly effective, implying sector-specific drivers for profitability. Wiley
Online Library,a study by Santhi (2020) among Information Technology (IT) and Information
Technology-enabled Services (ITeS) firms established a two-way relationship between ESG measures and
their financial performance metrics like Return on Sales and Return on Equity. The study highlights how

there is an interactive relationship between ESG practices and financial results within the IT industry.
Regulatory Frameworks and ESG Disclosures

India's regulatory environment has changed to encourage ESG transparency in companies. The Securities
and Exchange Board of India (SEBI) introduced the Business Responsibility and Sustainability Reporting
(BRSR) framework that requires ESG disclosures in detail from the top 1,000 listed firms. The move is

expected to increase transparency and lead investors to sustainable investments.

Research on the effect of ESG disclosures on financial performance has been inconclusive. A meta-
analytical review by Gupta (2024) reported a small but positive relationship between financial
performance and sustainability reporting, with an aggregate effect size of 0.11. This indicates that although

ESG disclosures are a good thing, their effect on financial performance may be restricted.
Challenges in ESG Integration

Even as the focus on ESG has increased, there remain issues in the integration of ESG into corporate
strategy. Gidla and Kumar (2024) in one of their studies pointed out that although ESG considerations
impact financial performance, the level of this impact is different for different firms. The research
indicates that firms with strong ESG practices show superior financial performance, but the correlation is

not constant for all firms.
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European Economic Letters

Furthermore, the absence of standardized ESG metrics and poor data availability, especially in small and
medium-sized enterprises (SMEs), act as key barrier to ESG integration. Resolving these issues is
important for unlocking the complete potential of ESG investments in improving corporate financial

performance in India.

3. RESEARCH METHODOLOGY
1. Research Obijectives
The main goals of this research are to:

Evaluate the effect of Environmental, Social, and Governance (ESG) investments on the financial

performance of companies in India.

Test the effect of individual ESG factors (environmental, social, and governance) on financial indicators
like Return on Assets (ROA), Return on Equity (ROE), and Tobin's Q.

Explore industry-specific differences in the relationship between ESG and financial performance.
2. Research Questions
e What is the net impact of ESG investments on financial performance of Indian companies?

e How do individual environmental, social, and governance issues influence financial performance

measures?

e Do there exist some meaningful industry-specific variations in the impact of ESG investments on

financial performance?
3. Hypotheses

H1: There exists a positive relationship between aggregate ESG scores and financial performance of

companies in India.
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H2: Environmental, social, and governance scores have different impacts on financial performance

measures.
H3: The contribution of ESG investments to financial performance differs among industries.
4. Theoretical Framework

This research is based on the following theories:

Stakeholder Theory: Proposes that financially performing better companies are those which take into

consideration the interests of all the stakeholders (including society and the environment).

Legitimacy Theory: Argues that companies pursue ESG initiatives so that they may obtain legitimacy and
social recognition, which ultimately contributes to better financial performance.

Resource-Based View: Puts forward the case that investing in ESG activities can develop distinctive

resources and capabilities that add competitive strength and financial performance.
5. Research Design

Approach: Quantitative research with secondary data analysis.

Design: Longitudinal study of data spread over 5-10 years (2015-2025).

6. Population and Sample

Population: All listed non-financial firms on the Bombay Stock Exchange (BSE) and National Stock
Exchange (NSE) in India.

Sample: A stratified random sample of 100-150 companies with representation across different sectors

like manufacturing, services, and information technology.
7. Data Collection

ESG Scores: Taken from reliable ESG rating agencies such as CRISIL, MSCI, or Bloomberg.
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Financial Performance Metrics: Derived from financial statements, with a focus on ROA, ROE, and
Tobin's Q.

Control Variables: Firm size, age, leverage, and industry type.
8. Data Analysis Techniques
Descriptive Statistics: To summarize and describe the characteristics of the dataset.

Correlation Analysis: To understand the strength and direction of associations among ESG scores and

financial performance indicators.

Panel Data Regression: Fixed-effects or random-effects specifications to test the long-term effects of ESG

investments on financial performance.

Quantile Regression: To determine how the effect of ESG factors changes across quantiles of financial

performance distributions.

Instrumental Variables (V) Approach: To resolve possible endogeneity concerns in the relationship
between ESG and financial performance.

9. Ethical Considerations

Data Privacy: Protection of confidentiality of company data and adherence to data protection laws.

Transparency: Transparent reporting of methodologies, results, and possible conflicts of interest.

Integrity: Refraining from manipulation or selective presentation of results to uphold research integrity.
4. ANALYSIS AND INTERPRETATION

The inclusion of Environmental, Social, and Governance (ESG) considerations in business strategies has
become increasingly prominent in India, echoing the international trend towards sustainable business
practices. This analysis investigates the interaction between ESG investments and the financial

performance of Indian companies using empirical data to offer insights into this relationship.
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2. Overview of Data

The analysis is applied to Indian companies that are listed on the National Stock Exchange (NSE) and
Bombay Stock Exchange (BSE) during the period 2015-2022. Some of the key variables are:

Dependent Variables (Financial Performance Indicators):
e Return on Assets (ROA)
e Return on Equity (ROE)
e Tobin'sQ
Independent Variables (ESG Scores):
e Environmental Score (ES)
e Social Score (SS)
e Governance Score (GS)
e Overall ESG Score (ESG_S)
Control Variables:
e Firm Size (log of total assets)
e Leverage (debt-to-equity ratio)
e Analyst Coverage (number of analysts following the firm)
3. Empirical Findings
In accordance with panel data regression models, the main findings are as follows:

Overall ESG Score (ESG_S):
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Positive correlation with ROA and Tobin's Q, which means that good ESG scores go hand in hand with

improved financial performance.
Environmental Score (ES):

Negative correlation with ROE, which implies that environmentally related investments do not necessarily

reflect enhanced equity returns in the short run.

Social Score (SS):

Positive correlation with ROA, which means that social projects can help improve returns from assets.
Governance Score (GS):

Negative correlation with ROE, as with the environmental score, suggesting that governance

enhancements will not necessarily lead to short-term equity returns.
4. Industry Analysis

The effect of ESG investments is sector-dependent:
Resource-Heavy Industries:

Financial performance is strongly influenced by governance scores, reflecting the significance of sound

governance in sectors that have high environmental and social risk.
Consumer-Oriented Industries:

Social scores are important, since consumer attitudes and reputation of the brand are major drivers of

financial performance.
Service Industries:

Environmental scores are less significant, implying that service-based companies might focus on other

ESG elements.
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ESG Dimension Financial Direction of Impact Statistical
Performance Indicator Significance

ESG-S ROA Positive High

ESG-S Tobin’s Q Positive Moderate

ES ROE Negative High

SS ROA Positive High

GS ROE Negative High

Note: Statistical significance levels are derived from p-values, and "High" represents p < 0.01.

Positive Effects:

Overall ESG performance and social programs have a positive impact on asset returns, implying that

sustainable practices can improve operational efficiency and stakeholder trust.

Negative Impacts:

Environmental and governance developments might not lead to instant equity returns, but could be

because of the long-term nature of such investments and their front-end costs.

Sector-Specific Variations:

The differential influences across sectors further imply the necessity for industry-specific ESG strategies

that fit industry traits and stakeholder expectations.

10| Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

5. RESULT AND DISCUSSION

Empirical studies investigating the relationship between Environmental, Social, and Governance (ESG)
investments and the financial performance of companies operating within the Indian context reveal a
nuanced and complex picture, characterized by a blend of positive associations and sector-specific
variations. While a general trend suggests a positive correlation between the adoption of robust ESG
practices and enhanced financial outcomes, particularly concerning measures such as Return on Assets
(ROA) and Tobin's Q, the nature and magnitude of this impact are far from uniform. These findings
underscore the importance of a disaggregated analysis that considers the individual dimensions of ESG
and the specific characteristics of different industry sectors.

For instance, a detailed investigation focusing on companies listed on the Nifty 50 index between 2015
and 2022 provides granular insights into this relationship. The study's findings indicate that while an
aggregate measure of ESG performance exhibits a positive influence on both ROA, reflecting efficient
asset utilization, and Tobin's Q, representing market valuation and investor confidence, the individual
pillars of ESG demonstrate divergent effects on other key financial metrics, such as Return on Equity
(ROE). Notably, governance and environmental factors were observed to consistently exert a negative
influence on ROE, particularly among firms in the lower performance quantiles. This suggests that while
ESG initiatives can contribute to improved asset efficiency and a higher market valuation, these benefits
may not immediately translate into enhanced returns for equity holders, especially for companies that are
already facing performance challenges. This short-term dampening effect on ROE could potentially be
attributed to the initial costs associated with implementing ESG measures, which may not yield immediate
financial returns in terms of equity profitability.

Furthermore, the impact of ESG engagements exhibits significant variety across different industry sectors
within the Indian economy. Sector-specific analyses highlight that the relative importance and influence
of individual ESG factors on financial performance can vary considerably. For example, in heavy industry
segments, characterized by significant environmental impact and complex operational structures,
improvements in governance frameworks and practices appear to be more strongly correlated with
earnings performance. This could be due to the fact that robust governance structures in these sectors can

lead to better risk management, operational efficiencies, and stakeholder engagement, all of which can
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positively influence profitability. Conversely, in consumer-facing industries, where brand reputation and
customer loyalty are paramount, social projects and initiatives tend to have a more pronounced impact on
financial outcomes. This could reflect the growing consumer preference for socially responsible brands
and the positive impact of strong social performance on brand image and customer relationships. These
sector-specific variations emphasize the limitations of a one-size-fits-all approach to ESG integration and
highlight the need for companies to tailor their ESG strategies to align with the specific risks,

opportunities, and stakeholder expectations within their respective industries.

Beyond the direct impact of ESG performance on financial metrics, the disclosure of ESG-related
information also appears to play a significant role in enhancing financial performance within the Indian
corporate sector. Studies employing advanced econometric techniques such as the Generalized Method of
Moments (GMM) have provided evidence supporting a positive association between the extent and quality
of ESG disclosures and financial performance. This suggests that transparency regarding ESG practices
not only caters to the growing demands of investors and other stakeholders for greater accountability but
also contributes to value creation. Comprehensive and credible ESG disclosures can enhance a company's
reputation, improve its access to capital, strengthen its relationships with stakeholders, and ultimately

contribute to better financial outcomes.
6. CONCLUSION

The incorporation of Environmental, Social, and Governance (ESG) factors into corporate strategy has
assumed greater importance in India, mirroring a global movement towards sustainable business practices.
The present study sought to assess the association between ESG investment and corporate financial

performance for Indian firms.

Empirical evidence indicated an overall positive relationship between financial performance and ESG
practices, especially in Return on Assets (ROA) and Tobin's Q. Yet, the effect was mixed across various
ESG dimensions and industry classifications. For example, while overall ESG scores were positively
correlated with ROA and Tobin's Q, environmental and governance dimensions had a negative effect on
Return on Equity (ROE), particularly in lower quantiles of performance. This implies that although ESG
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investments can improve market valuation and asset effectiveness, they will not necessarily lead to

increased equity returns in the short term.

Sector-specific analysis emphasized that the impact of ESG programs is not uniform; for instance, in
industries that require resources, governance changes are more significantly correlated with bottom-line
performance, while in consumer industries, social programs have a greater impact. Such evidence points

to the need for targeted ESG plans responsive to sectoral features and stakeholder concerns.

In addition, the positive correlation between ESG disclosures and financial performance endorses the
value-enhancing significance of ESG practices in the Indian corporate sector. The launch of standardized
ESG reporting guidelines, including the Business Responsibility and Sustainability Reporting (BRSR) by
the Securities and Exchange Board of India (SEBI), has increased transparency and comparability,

enabling well-informed investment decisions.

In summary, while there is a relationship between ESG investments and better financial performance in
India, the size and direction of this effect depend on the particular ESG dimension and industry
environment. Companies need to weigh bringing ESG factors into their strategies, along with
understanding the sector-specific dynamics that drive the efficacy of these kinds of investments.
Additional studies must be conducted to examine the long-term effects of ESG efforts and to establish

standard ESG measures to enable comparison between firms and industries.
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ABSTRACT

Financial Technology (FinTech) has quickly progressed to become a disruptor in the financial services
industry changing the structure and operation of financial products and services delivery, accessibility,
and consumption. It involves innovative advanced technology such as artificial intelligence (Al),
blockchain, cloud computing, and big data analytics to enhance operations, create better delivery

experiences for consumers, and optimize costs and resources.

Traditionally, a bank relied on physical banking, human executed processes, and strict regulatory regimes,
while Fin Techs are flexible on regulations, apply agile and innovation driven business models, provide
more efficient service delivery including access, offering services better in its speed, access, and
consumers'/clients' centric. As mobile applications, digital wallets, robotic-advisors and peer-to-peer
lending institutions increasingly become viable options to replace today and yesterday' banking,
particularly for the technologically savvy and unbanked groups of consumers, this research paper will
undertake a holistic perspective of the determinants of growth in FinTech and its disruptive impact on

traditional banking institutions.

The research paper will explore the roles of consumer preferences, technological innovation and
regulatory changes that will contribute to the sustainability of FinTech ecosystems worldwide. In addition,
it will highlight important emerging trends such as Banking-as-a-Service (BaaS), Open Banking,
Decentralized Finance (DeFi), and the evolving role of Artificial Intelligence in risk management and

customization.
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I. INTRODUCTION

The global financial services industry has experienced a transformation driven by the advancement and
adoption of new digital technologies. Fundamental to this transformation is Financial Technologies
(FinTech)—the broadest of terms to describe the application of technology by financial services
companies to improve their use and delivery to consumers. FinTech is expanding the ways individuals
and businesses can access financial services by changing how banking, investment, loan arrangements,

and insurance have been traditionally structured.

FinTech covers a broad and expansive set of offerings, including mobile payment apps, digital wallets,
robotic-advisors, peer-to-peer (P2P) lending, crowdfunding platforms, blockchain technologies,
cryptocurrencies, and Insurance Tech (insurance technology). The technological innovations afforded to
consumers provide greater control, flexibility, and accessibility regarding financial services. Customers
can now perform real-time transactions, receive personalized financial advice, and apply for loans without

visiting a branch, fundamentally changing customer expectations and behaviour.

Conversely, traditional banks have traditionally depended on a branch network supply-chain (physical
interactions), papers and antiquated IT rounds of IT development—not entirely open capabilities. These
banks can create trust (a form of regulatory assurance) but struggle with agility, implementation,
convincing technology and change, and changing systemic views that would improve digital experiences.
At times the rate of digital change accelerated space-even to the point where FinTech has shown that
banks hold a considerable number of key inefficiencies—for example, poor reliability with consumer
onboarding, bad experiences with payment methods, untimely or poor impact of cross-border payments,
and a poor ability to access credit for marginalized populations and businesses. The COVID-19 pandemic
began accelerating the transformation of financial services long before 1900. Time constraints induced by
Lockdowns left people and businesses with no choice except digital interaction for banking, investing,
and insurance. Financial Technology developed financial services in a pure digital way and so it was able
to broaden transaction availability at a faster pace. Subsequent to those limitations, the traditional banking
segment was forced to embrace innovative changes in their operating models that began re-thinking in
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how they operate and validate once novel ideas through a series of models (partnership-based, acquisition,

or internal innovation experimentation).

Beyond customer experience, Fintech is disrupting the backend infrastructure of financial systems and
transactions as well. Technologies such as Blockchain, (digital) Distributed ledger Technology (DLT)
provide enhanced ease of transaction (speed) and security (encryption/identity), and transparency of
transactions where Institutional environments have operated previously without validating these attributes
of testing transactions satisfactorily. Technology such as Artificial Intelligence (Al) and also Machine
Learning (ML) are also enhancing mostly with Fraud Detection purposes, Credit Decisions, Customer

Services through improved Chatbots, predictive services or analytics.

The scope of this paper is to comprehensively evaluate the rise of FinTech and its disruptive influence on
traditional banking products and services. It will cover the somatic environmental factors contributing to
the transformational rise of FinTech--and how elements like technology, legislation and consumer
expectations are evolving. Further, it aims to provide an overview of how traditional banks are dealing
with these disruptions and what the future of financial services may look like in a world where innovation,

access and speed become the key competitive advantages.

Using primary data derived from surveys and expert interviews, and corroborated by secondary research
from academic literature and grey literature, this research aims to explore the challenges and opportunities

that FinTech represents for traditional banks, regulators and end users.

1. LITERATURE REVIEW

Many studies have investigated FinTech's potential to transform financial ecosystems. According to
Arner, Barberis, and Buckley (2016), FinTech refers to the "new financial industry that applies technology
to improve financial activities,” and post-2008, public distrust in traditional financial systems helped
facilitate the emergence of an alternative financial system. They argue that FinTech start-ups were able to

present themselves as nimble, transparent, and customer-focused substitutes to traditional banks.

Gomber et al. (2017) identify four key areas that are contributing to the FinTech revolution; technological
advance, shifting consumer expectations, favourable legislative environments and the possibility of

increased cost efficiencies. Their findings indicate that digitization and automation could significantly
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reduce the operational costs of financial services by up to 90% for customer service, risk and underwriting,
or payment processing which would allow FinTech organizations to promote better prices to the market

and quicker services compared to their traditional banking counterparts.

Another important theme in the literature is the evolving competitive relationship between Fin Techs and
incumbent banks. For example, at the outset of the FinTech movements, most of the literature framed
FinTech firms as competitors to banks, whereas contemporary literature suggests we are in a collaborative
disruption phase. Recent studies have demonstrated that the majority of banks intend to pursue
partnerships or joint ventures with FinTech startups, as highlighted in the 2023 PwC Global FinTech
Report, which states that over 82% of financial institutions will pursue these types of partnerships in the
next three years. Partnerships among firms are designed to combine the inflexibility and regulatory
knowledge of banks with the speed and innovation of Fin Techs to create hybrid models of financial

services.

A number of researchers have recognized blockchain technology also has immense potential as a core part
of the FinTech ecosystem. Since blockchain provides the infrastructure for decentralized, secure, and real-
time financial transaction processing with limited reliance on intermediaries, it could reshuffle the player-
orders dimensionality of FinTech. Tapscott and Tapscott (2018) argued, potentially most provocatively,
that the value of blockchain could "re-architect” the global financial system into Decentralized Finance
(DeFi) that includes lending, borrowing, and trading of goods and services from decentralized nodes
without having a central authority. In so doing, it creates innovative challenges to the historical role of

banks as gatekeepers of financial consumption activity.

Also in the literature, issues of regulation and compliance to provide a balanced regulatory environment
to encourage fintech innovation while providing consumer protections. Zetzsche et al., (2020) refer to
regulatory "sandboxes™ as useful for creating a "guardian™ structure for fintech firms' innovations - a
supervised testing environment for FinTech firms' products. However, as the complexities of making
lending decisions become enhanced using Al and machine-learning algorithms, and as the FinTech firms
are able to syphon more of their data into sophisticated used of machine learning and IGD technology,

regulators may struggle to ensure accountability, fairness and transparency.
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Cybersecurity and data privacy are also significant topics in the FinTech literature. Digital financial
services rely on personal data and transactional data, so the provision of secure data processing and an
adequate level of cybersecurity is crucial. In a study conducted by the Financial Stability Board (2021), it
is claimed that increased interconnectivity of FinTech platforms could result in a surge in systemic risk,
particularly if successful in the event of a cyber event or data breach.

In summary, the body of literature provides a detailed and holistic perspective of the disruptive effect of
FinTech. Technological innovation remains the driving force behind change, but the long-term impact of
FinTech on the global financial system will be largely influenced by the retort of the traditional banks,
regulatory changes, and the patterns of consumer adoption. The literature identifies opportunities and risks
involved in such transformation, thereby reinforcing the need for the strategic alignment of technology,

regulation and consumer trust.

I11. RESEARCH METHODOLOGY

In order to offer a complete view of how far FinTech is disrupting banking services, this study uses a
mixed-method research design that applies both quantitative and qualitative methods. A mixed-method
approach allows for data triangulation that will provide a well-rounded analysis by adequately capturing

numerical trends in conjunction with participants' perspective.

Goals of the Study

There are three main goals that guided this research:

» Examine consumer adoption of FinTech over traditional banking services specifically in payments,

savings, loans and investments

» Examine banking perspectives/ FinTech entrepreneur perspectives on competition, regulatory issues,

collaboration, and innovation.

* Identify challenges, risks and future considerations of the evolution of financial services in a digital

gcosystem.

Methods of Data Collection

Data is collected from both primary and secondary data sources:
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* Primary Data:

* Surveys were given out to 150 banking customers to assess their usage patterns, preferences, and

satisfaction ratings with FinTech and traditional banking platforms.

« In-depth semi-structured interviews were conducted with 10 traditional banking managers and 5
FinTech startup founders, to collect expert perspectives on strategies, challenges, and trends within the

industry.
* Secondary Data:

» The use of industry reports, academic peer-reviewed journals, white papers, policy briefs, and

regulatory documents to contextualize and bolster findings.

Sampling Techniques

To ensure representation and relevance:

* Bank customer sampling was done using Stratified Random Sampling - where strata were based on age

cohort, income, and digital literacy, since these customer characteristics influence FinTech adoption.

* Banking professionals and FinTech founders were sampled using Purposive Sampling based on their

relevance to the research objectives, expertise, and role in the industry as practitioners.

Data Analysis Tools

* Quantitative data derived from surveys was analysed with SPSS (Statistical Package for the Social

Sciences) to provide descriptive and inferential statistics.

* Qualitative data obtained from interviews was analysed using NVivo, a qualitative data analysis

software, which helped in identifying repeating themes, sentiments, and industry narratives.

TABLE 1: Research Methodology overview

DESCRIPTION
COMPONENTS
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Research Design

Mixed-Methods  (Quantitative  +

Quantitative)

Objectives

1. Evaluate consumer adoption of
FinTech
2.Understand expert perspectives.

Identify challenges and trends.

Primary data sources

Surveys (150 customers)
Interviews (10 bank managers, 5

Fintech founders)

Secondary Data Industry reports, academic journals,
regulatory documents

Sampling Technique Stratified Random Sampling
(Customers)  Purposive  Sampling
(industry Experts)

Data Analysis Tools SPSS (for survey data) NVivo (for
interview data)

Study Duration March 2025 - May 2025 (3 months)

Geographic Scope

Urban centres in India: Delhi, Mumbai,

Bengaluru

Target Population

Banking customers (age 18-60), bank

professionals, FinTech entrepreneurs

IV. ANALYSIS AND INTERPRETATION

The disruptive effects of FinTech on banking are not simply a result of technological disruption, but a

symptom of a larger paradigm shift in financial systems' structure, values, and focus. This section connects

different aspects of the study's findings by thinking theoretically, recognizing industry patterns, and

drawing upon lived experiences to provide additional explanations.
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Transforming Financial Service Models

Shifting from traditional finance to digital finance is a fundamental transition from institution-centric
models to customer-centric ecosystems. The willingness of consumers to adopt FinTech services, as
evidenced in the survey, reflects an idea of redefining how value is perceived in banking. Consumers now

care more about:

* Speed and control over service and process

* Accessibility and availability of banking services versus relying on branches and relationships
* Personalization over homogeneous products

This behaviour supports the idea of disintermediation; they substitute technology platforms for traditional
intermediaries. FinTech firms are effectively leveraging value through transactional and educational
business models that are uniquely positioned for speed to market, while denying traditional banks a role

as gatekeepers in the financial system.

FinTech: A Catalyst not a competitor

Initially, FinTech was painted as a competitive threat to banks. What we are seeing suggests a different
picture: banks are not competing and will not simply be replaced, but will be pressured to change and
further innovate. Many are doing so by:

* Developing digital subsidiaries
* Outsourcing innovation through FinTech relationships
* Integrating FinTech features into their legacy systems

This is a clear example of coopetition: the recognition of mutually beneficial value in competition.

FinTech as a catalyst for modernizing banking rather than competition.

Requlatory Lag vs. Innovation Miles

One of the greatest challenges for FinTech firms was the issue of regulatory lag (e.g. innovation has
outpaced legislation). The founders noted barriers for FinTech firms or banks, including: the complexity
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of new regulations, lack of consistency of data protection laws (inconsistent with global regulations),

difficulty in getting a license, and issues with restrictive access to financial infrastructure.

This gap in requlation leads two critical results:

1. For consumers, it raises questions about the use of data, risks of algorithmic bias, and confusion

regarding any legal recourse in the event of misuse.

2. For an industry, it adds uncertainty and creates circumstances that may limit innovation, or prevent

large investments.

This can be seen in the innovation-regulation paradox, whether regulators can satisfy both aspects of the
regime (create new systems and maintain system stability). Regulatory sandboxes and Open Banking are

positive developments in navigating this framework. 6.4 Technological Innovation and Inclusive Growth

FinTech provides more than just consumer convenience; it also provides the capability of inclusion.

Mobile banking, peer-to-peer lending, and digital wallets provide financial access to:
» Unbanked or underbanked individuals;

* Rural populations without access to physical banks;

» Small businesses who are excluded from traditional forms of credit.

This aligns with the inclusive finance thesis which takes the position that providing financial access has
real implications for reducing inequality and stimulating productive economic participation. In regions

like India and in Africa, FinTech is not simply disruptive, but also developmental.

Styled Implications for the Future

The insights and interpretations come with a number of strategic implications:

« For traditional banks: Digital transformation is now a necessity, not an option. Legacy institutions must

use design thinking to move from process-oriented to platform-oriented organizations.

* For Fin Techs: Future scale and sustainability will rely on understanding regulatory, operational, and

consumer trust limitations.
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» For regulators: Future-proof consumers require agile governance, real-time compliance, and harmonised

policy across jurisdictions.

* For consumers: While choice is empowering, it comes with limitations and risks related to data privacy,

Finance in a Platform World, 155 platform reliability, and digital literacy.

This implies that the future of finance will not be characterized by a single player or model, but rather an
interoperable ecosystem—where legacy banks, FinTech startups, technology providers, and regulators are

collectively building more efficient, inclusive, and agile financial infrastructure.

V. RESULTS AND DISCUSSION

This section examines the data obtained from quantitative survey and qualitative interview data and offers
a multi-faceted interpretation of the disruptive impact FinTech has had on traditional banking. The
analysis is structured based on four central themes: customer preferences, the response from the banking

industry, challenges facing FinTech entrants, and technology trends.

Customer Preferences and Adoption Behaviours

Quantitative survey data collected from 150 banking customers indicated a shift in consumer behaviours
towards digital financial platforms. An overwhelming 73% of respondents reported they were using
FinTech platforms, e.g. mobile banking apps, digital wallets, and UPI interfaces in their everyday financial
transactions. Respondents listed convenience, speed of transactions, and access, 24/7 availability, as the

top three reasons consumers prefer FinTech services to traditional banking.

interestingly, only 18% of respondents indicated a preference for using a physical bank branch, while the
rest indicated long lines, limited hours, and red tape as the reasons. The results support other studies which
suggest a generational and technological shift in banking behaviour, especially millennials and Gen Z

users who want simple, mobile-first financial services.

Also, the survey results suggest that users trust FinTech platforms for smaller, and even medium-value
transactions, but they still depend on traditional banks for larger value loans, long-term savings, and wealth
management. It appears FinTech is becoming a popular alternative; however, it is, by no means, the

complete substitute to traditional financial institutions.
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Responses and Adaptation by Traditional Banks

Interviews with executives from 10 established banks shed some light on how traditional institutions are
responding to FinTech disruption. The overwhelming majority of interviewees admitted to the rapid
erosion of their customer base in retail banking, especially in urban markets. More than in the past, many

banks are also considering not only their FinTech rivals but also their partnerships in the face of disruption.

Many banks are investing in digital transformation projects like replacing legacy IT systems,
implementing Al-driven customer service solutions (for example, chatbots), and developing internal
mobile applications. Others have turned to partnering or establishing joint ventures with FinTech startups
(often around payments, personal finance management, and credit scoring) to facilitate digital

transformation.

Bank executives also identified regulatory compliance as well as customer trust as one of the competitive
advantages that banks retain over FinTech firms. Therefore, many executives saw value in building hybrid
service models that represented the speed and usability of FinTech while simultaneously reinforcing the

security and regulatory framework of banking.

Challenges Faced by FinTech Startups

While FinTech companies are experiencing rapid growth, they also face a number of structural and
regulatory challenges, as outlined in interviews with five FinTech founders. A recurring concern was
regulatory uncertainty, especially around data privacy, cross-border payments, and licensing
requirements. The fragmented regulatory environment often varies by region and product category,

creating compliance burdens for emerging firms.

Cybersecurity was another prominent concern. As FinTech platforms handle sensitive financial and
personal data, they are frequent targets of cyberattacks. Many startups lack the extensive cybersecurity
infrastructure possessed by legacy banks, making them more vulnerable to breaches and reputational

damage.

Another major limitation identified is restricted access to core banking infrastructure. While Open

Banking is improving this landscape in some jurisdictions, many traditional banks still limit third-party
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API access, hampering the ability of FinTech platforms to offer full-spectrum services. As a result, Fin

Techs often remain dependent on partner banks for processing and compliance.

Emerqing Trends Shaping the Future of Finance

Several emerging trends emerged as focused on future of financial services based on both primary and

secondary data collected:

 Banking-as-a-Service (BaaS): BaaS platforms enable non-banking companies (e.g., Fin Techs) to
provide regulated banking services (such as debit card issuance, payment acceptance, or customer loans)
without the need to obtain a full banking license. BaaS continues to help reduce barriers to entry, while

also increasing the pace of FinTech who can “plug into” the existing banking infrastructure through APISs.

* Open Banking: Through governmental action and regulation in support of financial activity (such as
PSD2, in Europe, and the RBI’s Account Aggregator framework in India), Open Banking is driving
customer data sharing across platforms via secure APIs. This promotes better financial transparency,

customer-specific product offering, and the emergence of data-based banking ecosystems.

* Artificial Intelligence (Al) and Machine Learning (ML): Al and ML have grown to enable hyper-
personalized financial services through intelligent chatbots, real-time fraud monitoring systems, and
predictive credit scoring algorithms. Al and ML tools are also helping Fin Techs improve user

engagement, reduce risk, and create scalability.

* Decentralized Finance (DeFi): DeFi platforms enable users to lend, borrow, trade, and earn interest on
funds without the involvement of a traditional financial intermediary. DeFi is new and still developing,
but financial experts consider DeFi a long-term threat to traditional financial services because it could

eliminate financial services altogether

In summary, these findings reveal a parallel future where FinTech and banks don’t just compete, but rely
on one another and work cohesively to improve financial services. The digitalization of finance is not a
choice, it is a "must” for both new and mature companies moving a digital innovation strategy forward,

and for legacy institutions who wish to remain relevant within a very rapidly changing scene.
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VI. CONCLUSION

The rise and rapid development of Financial Technology (FinTech) has created a transformation of a kind
not seen in the history of financial services. It has created a disruption through the application of
techniques such as artificial intelligence, blockchain, mobile computing and data analytics that have

fundamentally changed how financial services have been delivered, consumed, and regulated.

Due to the pace of this disruption, one of the most significant outcomes of FinTech remains the
democratizing of access to formal financial services. Historically, access to banking/credit needed to
overcome geographic, economic, and infrastructure barriers, especially in rural or underdeveloped areas.
However, FinTech has provided many of those barriers, at least in part, through the digitization of financial
services that have enabled mobile payments, microloans, and investments in parts of the populations that
had historically not accessed the formal financial system. This is contributing to financial inclusion,

economic opportunity for small business, and support of underserved communities.

In addition, FinTech has substantially lowered operational and transactional costs. FinTech firms can
operate more efficiently than banks by eliminating physical infrastructure, automating human processes,
and utilizing cloud-based platforms. This significant cost savings is passed to the consumer, as seen in
decrease in transaction fees, competitive interest rates and real-time invisible services, all contributing to
an improved consumer experience. Consumers expect fast, personalized, and on-demand services, and

FinTech have enabled those expectations to be easily fulfilled.

However, the disintermediation caused by FinTech has also been a daunting challenge for banks. The
elimination of a banking intermediary, specifically disintermediation, is becoming more common with the
use of FinTech platforms for services including lending and retail banking. While some organizations
have chosen to ignore FinTech as a competitive threat, others have either received or expressed interest in
forming partnerships. By partnering with or developing their own digital capacities, banks can remain
relevant with technologic advances (such as payments) without having to give up regulatory guidance,

brand trust, and capital.

The report also discusses the important role of regulators and policymakers. As FinTech evolves, it

remains in the identified grey one where organizations operate as no clear guidelines are issued from the
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regulatory process. It is important to remember that regulation is necessary to encourage innovation—too
little regulation could expose the consumer to risks associated with algorithmic bias, data breaches, and
financial fraud. The regulatory authority must complete the balance between consumer advocacy and
innovation and provide adaptive regulatory frameworks that are technology-neutral and do not stif---le
innovation. Regulatory sandboxes, bank operating new rules of Open Banking are very good first steps.

The future of financial services is hybrid in nature is inevitable. Banking is now not a zero-sum race for
competition but the banking ecosystem more toward alternative coexistence of FinTech and established
bank organizations' complementary strengths. We must remember banks represent trust/accountability,
compliance, stability; FinTech offers agility, innovation, consumer-centric design. The hybrids were likely
to emerge into what we call the "Banking 4.0" era, which offers the consumer an opportunity for greater
compliance, accountability and smart, connected, and inclusive ecosystems driven by consumer,

ecosystemic, digital demands.

In conclusion, FinTech is not simply a trend, but a disruptive force altering the framework and foundations
of global finance. The real challenge for traditional banks is not necessarily trying to keep pace, but to
rethink their role in a digital-enabled, customer-centric world of finance.

Ultimately, a successful outcome will depend on collaboration, innovation, and the willingness for all
parties—banks, startups, regulators, and customers—to adapt to the future of finance.
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ABSTRACT

This research explores the degree to which social and environmental sustainability practices are
incorporated into Human Resource Management (HRM) in the IT industry of Odisha. Drawing on
information gathered from 100 HR experts from small, medium, and big IT companies located in
Bhubaneswar, Cuttack, and Rourkela, this research points out main sustainability measures already being
practiced. Environmental sustainability initiatives are largely centered on virtual HR activities and
telecommuting, among other flexible work options, that minimize the industry's ecological footprint.
Nevertheless, the research records a relative deficit in environmental training and sensitization programs.
Social sustainability initiatives such as diversity and inclusion training, equal remuneration, gender
diversity, and employee mental wellbeing support are increasingly formalized, although community
engagement activities need more emphasis. Notably, the research discloses that sustainable HRM
practices contribute positively to organizational performance through improved employer branding,
employee retention, and cost savings in operations. The findings of this research imply that incorporating
sustainability into HRM is not merely a regulatory or moral obligation but also a business strength for IT
firms in Odisha. The study highlights the imperative role of HR professionals in integrating sustainability
into organizational culture and practices and thus promoting responsible, long-term growth in the region's

IT sector.

Keywords: Sustainable HRM, Environmental Sustainability, Social Sustainability, IT Sector, Odisha,

Digital HR Processes, Gender Inclusivity, Employee Retention.

1. INTRODUCTION

Over the past few years, incorporating sustainability into organizational functioning has become a key
area of concern for global businesses. The development has been accelerated by growing environmental

issues, increasing social inequalities, and the worldwide movement towards corporate responsibility. In
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light of the same, Human Resource Management (HRM) has progressed from its conventional
administrative role to become a strategic ally for instilling sustainability into the fabric of the organization.
HR departments now have the central responsibility of developing and implementing policies that not

only guarantee compliance but also ensure long-term environmental responsibility and social justice.

The IT industry in Odisha is growing at a fast pace, and it is playing an immense role in the economic
growth of the state. While growing, the industry is also facing increasing pressure from the stakeholders—
including customers, regulators, and employees—to become more sustainable in its business practices.
Environmental sustainability in HRM is being realized through green initiatives like paperless digital
workflows, telecommuting to minimize carbon footprints, and recruitment processes focusing on eco-
friendly skills. At the same time, social sustainability is also gaining momentum, with greater focus on
gender diversity, mental health of employees, diversity of the workplace, and community. All these
activities demonstrate a larger-than-life approach towards building ethical, inclusive, and resilient

organizations.

This study seeks to explore the prevailing scenario of social and environmental sustainability practices in
HRM among IT firms in Odisha. Through examining the manner of adoption and belief, the study attempts
to find out how far integration has taken place and its influence on firm performance. The results should
provide insights into the efficacy of sustainable HRM practices and provide policy makers, HR managers,
and business leaders with practical guidance for improving their sustainability profile. Finally, this
research highlights the scope of HRM as a vehicle for propelling environmentally and socially sound

development in the IT industry.
1.1. Scope of the Study

IT industry located in Bhubaneswar, Cuttack and Rourkela are included in this research. Human Resources
Sustainability Management studies green practices in recruitment, efficient digital routines, tools for
promoting inclusivity and partnering with the community. The research focus only on information from
HR specialists, managers and sustainability officers. The study pointed out not only the present activities

but also the strategic and operative merits of sustainable HRM.
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1.2. Objectives of the Study

The study's objectives are to:

« Evaluate how well environmental sustainability principles are being incorporated into Odisha IT
companies' HRM systems.

» To assess how HRM incorporates social sustainability goals including community involvement,
mental health, and gender equality.

« To examine how sustainable HRM approaches are thought to affect organisational success, with a
focus on operational cost reduction, employee retention, and employer branding.

2. LITERATURE REVIEW

Kaith and Sachdeva (2024) investigated the adoption of Green Human Resource Management (Green
HRM) practices by leading Indian companies like ITC and ONGC. Their paper pointed out how
environmental sustainability was incorporated into HR functions like recruitment, training, and employee
engagement and led to sustainable business growth. They underlined the fact that organizations embracing
Green HRM practices had seen enhanced environmental performance while developing employee
consciousness and commitment towards green practices. The study offered useful findings on the strategic
position HR departments had taken in infusing sustainability into corporate culture, particularly in

industries with large environmental impacts.

Khatua et al. (2024) constructed a benchmarking model of HRM drivers in the big mining sector based
on an Interpretive Structural Modeling (ISM) framework. The research sought to establish and rank
principal HR best practices that lead to organization efficiency and sustainability for a sector with intricate
operational and environmental issues. The study highlighted the need for structured HRM models for
striking the right balance between workforce administration and sustainability targets, particularly in
resource-driven sectors. Their study helped advance knowledge on how HRM interventions could help
promote sustainable development goals through tailored policy implementation and ongoing

improvement.

Kumari and Singh (2024) discussed the theme of social sustainability in the Human Resource
Management framework through the philosophical paradigm of "dharma of work." Their research
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highlighted the potential of harmonizing HR practice with social and ethical obligations for meeting the
intricate needs of social sustainability of the future workforce. They maintained that it was important to
instill a sense of social purpose and commitment among employees to build agile and inclusive
workplaces. The study emphasized the new HR practices that combine social values, employee well-

being, and community involvement as the cornerstones of sustainable organizational development.

Leena et al. (2023) examined the leadership role of corporate social responsibility (CSR) in promoting
sustainable development goals (SDGs) from the viewpoints of responsible business leaders. Their
empirical research examined CSR activities' alignment with overall sustainability agendas, where special
focus was laid on leadership dedication, stakeholder interaction, and ethical business. The study presented
evidence that successful CSR not only leads to social and environmental impacts but also enhances
organizational reputation and long-term sustainability. Their report highlighted the leading role of
leadership in promoting sustainable business approaches that benefit both society and company success.

Mishra and Rath (2023) performed a comparative analysis of the effects of green Human Resource
Management (HRM) practices on the environmental Corporate Social Responsibility (CSR) efforts of
Indian banks, studying both a public sector and private sector bank. Their findings showed that green
HRM practices, including environmental-friendly recruitment, training in environmental awareness, and
sustainable workplace policies, had a significant positive effect on the banks' commitment to
environmental CSR. The research indicated that although both banks exhibited positive results, the private
bank exhibited more organizational support and innovation in the application of green HRM to its CSR
system, signaling stronger organizational support and a greater emphasis on sustainability practices. The
research highlighted the strategic capability of HRM in institutionalizing environmental responsibility into
corporate activities and the necessity for sector-specific applications of green HRM to achieve enhanced

environmental effects.

Mishra and Rath (2024) carried out an empirical research study analyzing the influence of Green Human
Resource Management (GHRM) practices on the environmental performance of the Indian banking
industry. Their study exhibited the way the implementation of environmentally friendly HR practices—
like green recruitment, training, and performance management—played a vital role in enhancing the

overall environmental performance of banks. The research revealed that public as well as private banks
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applying GHRM programs exhibited quantifiable decreases in their environmental impacts, highlighting
that HR practices have an important part to play in supporting organizational sustainability endeavors. In
addition, Mishra and Rath underscored the strategic significance of incorporating green HRM practices as

a way to boost not just ecological accountability but organizational competitiveness in the banking sector.
3. RESEARCH METHODOLOGY

The research utilized a descriptive research approach, using purposeful sample of one hundred information
technology company human resource experts in Odisha. The data collection process involved using
structured questionnaires. Data analysis was conducted through descriptive statistics, and the findings

were presented in tables and graphs. Excel and SPSS were used.
3.1. Research Design

The research takes a descriptive research design to investigate the level at which environmental and social
sustainability practices are merged into Human Resource Management (HRM) in the case of IT firms in
Odisha. Descriptive research is appropriate since it seeks to systematically describe the present level of
adoption and perception of sustainable HR practices. This design allows for the gathering of measurable
data to determine trends, implementation levels, and perceived impacts of sustainability on organizational

performance.
3.2. Population and Sampling

The sampling population of this study consists of HR managers, sustainability officers, and top executives
in IT firms in Odisha. The purposive sampling method was used to ensure that only respondents possessing
adequate knowledge about HR practices and integrating sustainability into their work were chosen. The
ultimate sample size consisted of 100 respondents belonging to small, medium, and large IT firms
operating in Bhubaneswar, Cuttack, and Rourkela, making the sample both geographically and

organizationally diverse.
3.3. Questionnaire Design and Dimensions

The questionnaire in the study is arranged to measure the three key points linked to its objectives.
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1. Environmental Sustainability in HRM: In HRM, items in this dimension look at green
recruitment, digital HR processes, flexibility in the workplace and environmental training.

2. Social Sustainability in HRM: This part looked at ways organizations can boost gender
inclusivity, offer support for mental health, participate in community projects and provide training
on diversity.

3. Perceived Impact on Organizational Performance: Questions focused on how sustainable

HRM practices influenced employer branding, employee retention, and cost efficiency.

All the items were measured with closed-ended and Likert-scale questions to guarantee the same results

across respondents and the ability to count the responses.
3.4. Data Collection Method

The primary data was gathered with the help of a structured questionnaire prepared specially for this
research. The questionnaire comprised closed-ended and Likert-scale questions in order to measure the
frequency of social and environmental sustainability practices, and the perceptions of their effects on
organizational performance. The instrument was pilot-tested with 10 participants and refinements were

made as required to enhance clarity and relevance.
3.5. Tools for Data Analysis

Quantitative data gathered from the questionnaires were processed with the help of descriptive statistics,
such as frequency distribution and percentage analysis. The findings were presented in three main tables
and respective graphical illustrations (Figures 1, 2, and 3) to represent the adoption of sustainability
practices and its effects. Microsoft Excel and SPSS software were employed to calculate percentages and

form graphs for easier clarity and comprehension.
4. DATA ANALYSIS AND INTERPRETATION

Table 1 presents the use of environmental sustainability practices in Human Resource Management in
Odisha IT firms. The four most important practices are green recruitment, telecommuting/flexible work,
environmental policy training, and digital HR processes. The highest percentage for consistent use is
found for digital HR processes at 75%, as 75% of the respondents reported always using them.

Teleworking and flexible work arrangements also have high adoption, with 58% of organizations always
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practicing them. Green recruitment has moderate adoption, with 42% always practicing it and 38%
sometimes.
Tables 1: Adoption of Environmental Sustainability Practices in HRM
Environmental HR Practice Always (%) | Sometimes (%) Rarely (%)
Green Recruitment (e.g., hiring for green 42 38 20
skills)
Telecommuting/Flexible Work to reduce 58 32 10
emissions
Training on Environmental Policies 34 45 21
Use of Digital HR Processes (Paperless) 75 20 5

Use of Digital HR Processes (Paperless)

Training on Environmental Policies

Telecommuting/Flexible Work to reduce
emissions

Green Recruitment (e.g., hiring for green
skills)

0O 10 20 30 40 50 60 70 80
Rarely (%) Sometimes (%) = Always (%)

Figure 1: Graphical Representation of Adoption of Environmental Sustainability Practices in HRM

The statistics in Table 1 indicate that Odisha IT firms value technology-based solutions such as paperless
HR and remote work more than awareness-based mechanisms such as environmental training. The
prevalence of digital HR practices attests to a wider trend toward automation and ecologically friendly
documentation systems within the industry. Lower levels of recurrent training, however, suggest areas
where improvement can take place. The figure indicates that although operation practices are effectively
integrated in HR strategies, sustainability's behavioral and educational aspects require greater focus. A
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more balanced strategy with training and skill building could increase environmental sustainability's

overall contribution towards HRM.

Table 2 indicates that all four of these social sustainability practices were implemented in the IT sector of
Odisha with specific attention to gender inclusivity and equal pay, employee mental health support,
community engagement activities, and diversity & inclusion training. Gender Inclusivity & Equal Pay has
been implemented most, followed by diversity & inclusion training and mental health support. The
activities of community engagement have the lowest rate of full implementation at 45%, with 20% of the
respondents stating they are not implemented. Partial implementation is prevalent, especially in mental

health care support and community engagement, indicating potential for improvement.

Table 2: Social Sustainability in HRM

Social Sustainability Indicator Fully Implemented Partially Not Implemented
(%) Implemented (%) (%)

Gender Inclusivity & Equal Pay 60 30 10

Employee Mental Health Support 50 40 10

Community Engagement Activities 45 35 20

Diversity & Inclusion Training 55 33 12
70
60
50
40
30
20
10
0

Gender Inclusivity Employee Mental Community Diversity &
& Equal Pay Health Support Engagement Inclusion Training
Activities

® Fully Implemented (%) = Partially Implemented (%) = Not Implemented (%)

Figure 2: Graphical Representation of Social Sustainability in HRM
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The graph indicates that IT companies in Odisha are moving forward in terms of encouraging equitable
workplace practices, especially gender pay equity and inclusion training. There is still a gap between
public policy and community-facing efforts, with less implementation of community outreach activities.
Mental health support is more widely recognized, but half of the organizations have not yet
institutionalized it. The number indicates that although fundamental HR policies are changing,
comprehensive social sustainability, especially concerning workers' well-being and neighborhood

engagement, requires additional enhancement and incorporation.

Table 3 illustrates the effect of sustainability practices on organizational performance in Odisha's IT
sector. The views are segmented into three primary outcomes: employer branding improvement, employee
retention increase, and lowering of operating expenses through Green HRM. Most respondents (48%)
highly agree that sustainability improves employer branding, and 42% think that it improves employee
retention. Cost effectiveness is also an important one, with 36% of interviewees stating that Green HRM

minimizes operating costs.

Table 3: Impact Perception of Sustainability on Organizational Performance

Perceived Impact Strongly Agree Neutral (%) Disagree (%)
Agree (%) (%)
Sustainability improves employer 48 38 10 4
branding
Sustainability increases employee 42 40 14 4
retention
Green HRM reduces operational cost 36 45 15 4
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Figure 3: Graphical Representation of Impact Perception of Sustainability on Organizational

Performance

The research identifies that sustainability is not just a regulatory or ethical obligation but a strategic benefit
for organizations. It is perceived to strengthen employer branding, make companies come to the talent
market which is competitive for IT, and retain employees. Green HRM minimizes operation costs,
suggesting increased recognition of the economic worth of sustainable strategies. The low levels of
disagreement across all the dimensions indicate robust support for incorporating sustainability into
business strategy, both human and business resource-wise. Overall, sustainability is perceived as an

important driver of organizational performance improvement.
5. CONCLUSION

The findings of the present study unambiguously reveal that the IT firms in Odisha are actually embracing
both environmental and social sustainability practices in their Human Resource Management structures,
though to different extents. High usage levels of electronic HR procedures and flexible working
mechanisms indicate high degrees of congruence with environmentally sustainable operational practices,
whereas social sustainability procedures like gender equity, diversity management training, and
counseling for mental well-being are being increasingly institutionalized. Nevertheless, sectors like
environmental training and corporate community involvement remain underdeveloped, indicating

potential for further improvement. Notably, the positive image of sustainability's influence on employer
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branding, staff retention, and cost-saving reinforces its strategic benefits over compliance or ethics.

Therefore, it is clear that sustainable HRM not only supports environmental and social objectives but also

adds value to organizational performance, making HR a driving force behind long-term, responsible

development in Odisha's growing IT industry.

REFERENCES

1.

Das, S. (2024). Case studies on Impact of Green HRM practices on Organizational performance in
Educational Institutions. Educational Administration: Theory and Practice, 30(5), 12608-12616.
Das, S., & Dash, M. (2023). Adoption of Green HRM practices by healthcare sector for Increasing
Organizational Citizenship Behavior and its impact on Environmental sustainability. Asian Journal
of Management, 14(3), 178-184.

Das, S., & Dash, M. (2023). Green HRM-Need of The Hour for Environmental
Sustainability. International Journal of Reviews and Research in Social Sciences, 11(2), 65-71.
Kaith, A., & Sachdeva, G. (2024). Green HRM for Sustainable Business: Insights From ITC and
ONGC Initiatives in India. In Human Relations Management in Tourism (pp. 141-162). 1GI Global
Scientific Publishing.

Khatua, S., Dash, M., Mishra, P. C., & Mohanty, M. K. (2024). A Benchmarking Model for HRM
Elements of Large Mining Industry: ISM-Based Approach. South Asian Journal of Human Resources
Management, 23220937241282405.

Kumari, A., & Singh, M. P. (2024). The dharma of work: Cracking the code to social sustainability
puzzle for the future of human resources. Sustainable Development.

Leena, S., Balaji, K. R. A., Ganesh Kumar, R., Prathima, K. B., & Satya Nandini, A. (2023).
Corporate social responsibility and sustainable development goals: evidence from responsible
business leaders. Journal of Global Responsibility, 15(4), 409-435.

Mishra, S., & Rath, N. (2023). Impact of green HRM practices on environmental CSR of Indian
Banks: A comparative analysis of a public and private bank. IUP Journal of Organizational
Behavior, 22(4), 26-50.

Mishra, S., & Rath, N. (2024). Impact of Green Human Resource Management Practices on
Environmental Performance of Indian Banking Sector: An Empirical Study. International Journal of

Sustainable Development & Planning, 19(4).

40 |Page



10.

11.

12.

13.

14.

15.

Recent Research Trends of Al in VVarious

Ai I.. Streams of Engineering and Management
May-2025

PUBLICATION ISBN Number: 978-93-95305-47-1

Nanda, A. K. (2019). Mainstreaming Tribal Through Financial Literacy: With Special Reference to

Koraput District of Odisha. Parikalpana: KIIT Journal of Management, 15(1/2), 234-234.

Pathak, R. K., & Agarwal, S. (2024). Sustainability in Human Resources: Evaluating Competencies

and Overcoming Challenges in India's Service Sector. Library of Progress-Library Science,

Information Technology & Computer, 44(3).

Prakash, T. M., Rao, N. V. J.,, & Das, S. K. Combining Technical Competency and DEI for

Sustainable Workplaces: Case of Human Capital at Non-Ferrous Value-Added Products in Western

Odisha T. Minna Prakash, Dr. NVJ Rao 2 and Dr. SK Das 3.

Sanjeev, R., Natrajan, N. S., & Dash, S. (2024). Organisational sustainability through human

resource information system. International Journal of Knowledge Management Studies, 15(1), 70-

92.

Satpathy, A., Samal, A., Gupta, S., Kumar, S., Sharma, S., Manoharan, G., ... & Sharma, S. (2024).

To study the sustainable development practices in business and food industry. Migration

Letters, 21(S1), 743-747.

Yadav, M., Singh, P., Sahoo, D. K., Kar, S., Gaur, N., Hung, T. H., & Srivastava, A. P. (2024,

February). Green HRM & environmental performance: Past, present and future research. In 2024

4th International Conference on Innovative Practices in Technology and Management (ICIPTM) (pp.

1-6). IEEE.

41 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

FIRE RISK PREDICTION USING MACHINE LEARNING MODELS
IN ELECTRIC VEHICLE LITHIUM-ION BATTERIES

Dr. Aditya Tiwary?!, Darshan Borse?
!Associate Professor, Fire Technology & Safety Engineering Department, IPS Academy, Institute of Engineering
& Science, Indore, Madhya Pradesh, India
2PG Research Scholar (Industrial Safety Engineering), Fire Technology & Safety Engineering Department, IPS
Academy, Institute of Engineering & Science, Indore, Madhya Pradesh, India

ABSTRACT

Many factors point to the growing popularity of Electric Vehicles (EVs) as an environmentally friendly
and renewable substitute to traditional vehicles due to improvements in battery technology. Nevertheless,
battery fault related fire incidents continue to be a challenge. This research paper discusses the prediction
of Fire Risk in EVs using ML techniques. In this work, we consider a dataset involving crucial battery
fault parameters like SoC, Temperature, current and Voltage and carry out evaluation of performance of
different machine learning models such as Linear Regression, Random Forest Regressor, Gradient
Boosting Regressor (GBR), and Extreme Gradient Boosting (XGBoost) to predict it. Results show that
Gradient Boosting Regressor yields the lowest Root Mean Squared Error (RMSE), the highest R squared
(R?) value and the lowest Mean Absolute Error (MAE) compared to other models. Results show that
machine learning (especially ensemble methods) is able to accurately predict the fire risk and improve the
safety measure in EVs. The paper offers important results for development of safer and more reliable EV

battery systems through the use of ML models for early fire detection and prevention.

Keywords -Electric Vehicles (EVs), Fire Risk Prediction, Lithium-ion batteries, Machine Learning,
Gradient Boosting

1. INTRODUCTION:

The development of electric vehicles (EVs) has since experienced a fast adoption, with the introduction of
which came a major advancement in the battery technology — lithium-ion batteries, which are the backbones
of modern EVs. Although the challenges faced in battery safety, thermal management and fire protection
become more pronounced as demand for EVs grows. These energy storage systems must be reliable and

safe, since if the system failed, it could result in a severe outcome such as thermal runaway, fire, or even
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explosion. In a recent research trend, people leverage machine learning (ML) algorithms and advanced data
driven techniques to predict and mitigate batteries risks such that battery safety and performance get better.
In this literature review, we focus on the latest innovations in EV batteries related to thermal fault prediction,

fire safety and protection, and safety assessment of EV batteries.

Thermal fault prediction in lithium-ion batteries is one of the key areas of research in which machine
learning is being used. In the work of Daniels et al. [1] they compared different ML algorithms for the
predicting thermal faults on air cooled cylindrical Li-ion battery modules noting how location of
temperature sensors is affected. Likewise, in [2] Kiasari and Aly examined like ways the thermal energy
storage systems can be combined machine learning to strengthen EV battery’s fire security. These studies
show the potency of ML in better fault detection and prevention for risk of catastrophic failures. Moreover,
Zhao et al. [3] have reviewed extensively on battery safety prognostics using machine learning, which
underlines machine learning as the means of predicting potential hazards before the threats escalate. It is

also very important to curb the thermal runaway in the case of EV battery safety.

In the work of Nejad et al. [4], they developed a visual foreign object detection system for wireless
charging of EVs which employs the use of machine vision for improving vehicle charging safety. With
over one hundred publications a year published, the field of EV battery safety and thermal management
have grown up in such a way that the insights they are providing around the reliance on machine learning
and data driven approaches in mitigating risks and increasing the reliability of energy storage systems are
becoming increasingly important. These technologies not only contribute to the next generation of
solutions for thermal fault prediction and fire protection, but also are employed to detect foreign objects,
thermal runaway management and much more in the EV domain. With the continued development of the
industry, it will be critical to continue to research and develop in these areas in order to enact safe and
sustainable adoption of electric vehicles across the world.

2. LITERATURE REVIEW

As have Mao et. al [5], the current work has mainly investigated thermal runaway propagation (TRP) in
open spaces; however, gaps in the knowledge of TRP in confined interval are missed as LIBs commonly
used and transported in these environments. The results of recent experiments in which TRP is compared

in enclosed and open clusters showed faster TRP and exponential heat release in closed space, while open
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space TRP is non self sustaining. The effectiveness of different mitigation strategies such as cell spacing,
barriers, cover plates and aluminium tops varied, but lower ambient temperatures (<17.4°C)
correspondingly appeared to severely limit TRP. This identifies the need for specific safety measures to

lessen TRP risks in confined LIB applications.

As quoted by Mama et .al. [6], the rapid advancement of lithium ion battery technology has been
instrumental in the need for state of the art innovative multiscale approaches to achieve best in class in
performance, longevity, and safety in applications such as electric vehicle and energy storage. In this
review, state-of-the-art models are presented from particle scale to pack level thermal management
systems that integrate electrochemical to thermal coupled models for addressing challenge at multiscale
and mitigating safety risks such as thermal runaway. It also explores the trade-offs between computational
efficiency and model complexity, emphasizing the integration of battery management systems and cooling
strategies for enhanced safety and performance. Zhao et al. [7] Battery Management Systems (BMSs) play
a critical role in ensuring the safe and efficient operation of lithium-ion batteries (LI1BSs) in electric vehicles
(EVs) by relying on accurate sensor data for state estimation, balance control, and fault diagnosis.
However, sensor failures and inaccurate measurements due to external interference and complex operating
conditions pose significant challenges. This study explores sensor fault modes, diagnostic methods—
including model-based, signal processing, and data-driven approaches—and fault-tolerant control (FTC)
techniques to maintain BMS stability. The analysis highlights the need for advanced fault diagnosis

methods and proposes future research directions to enhance sensor reliability and BMS performance.

Yadav et al. [8] Accurate State of Charge (SoC) estimation is vital for the safety and efficiency of lithium-
ion batteries in electric vehicles (EVs). The Augmented Adaptive Extended Kalman Filter (AAEKF) has
been proposed as an advanced method for precise SoC estimation, combining Kalman filtering with
adaptive robust control to handle system nonlinearities and parameter uncertainties. Simulation and
experimental results using LiFePO4 batteries demonstrate that AAEKF achieves estimation errors below
3%, with improved convergence, real-time responsiveness, and robustness to disturbances and
temperature variations. Compared to traditional Adaptive Extended Kalman Filter (AEKF), AAEKF
shows superior performance, maintaining estimation errors under 5% across diverse operating conditions,

making it a promising approach for enhancing Battery Management Systems (BMS) in EVs. Lee et. al.
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[9] discussed the transportation of electric vehicles (EVS) presents significant fire risks linked to lithium-
ion battery thermal runaway, particularly influenced by the state of charge (SOC). This study examines
the effects of SOC (70%, 50%, and 30%) on fire behaviour and efficiency of suppression SHOW more
This soaking in combination with fire blankets was found to be an effective means of latency cooling and
containment, and important points of SOC management and integrated suppression strategies for
improving EV fire safety during maritime transport. With such demands for higher speeds and faster
charging, increasing heat generation in electric vehicle batteries has become the need for sophisticated
thermal management systems, as pointed out by Gasmelseed et. al. [10]. Nan fluids, with superior thermal
conductivity as compared to the conventional fluids, are now gaining acceptance as promising coolants
due to their thermal performance improvements of 2.9-30.5 %, with enhanced pumping power from
higher viscosity. Nanoparticles such as AI203, CuO and AgO, at concentrations between 0.1 and 5% are
widely studied, however they have not been extensively studied with respect to long term stability, hybrid
nanofluid systems, and the economic and environmental impacts of thermal management based on

nanofluid.

Problems regarding thermal runaway (TR) risks in the rapid expansion of lithium ion battery (lib)
applications, including nickel cobalt manganese (Ncm) and lithium iron phosphate (Ifp) batteries, has
raised concern about the need for the reliable and sufficient means of internal short circuit (ISC) detection,
and the TR warning. For validation, this study develops a simple yet effective approach for monitoring
short circuit resistance evolution during TR development based on battery relaxation voltage, using ISC
substitute experiments and mechanical abuse tests including four battery brands with different materials
and shapes. The method is suitable for ambient temperature and current rate, resulting in the ability to
detect ISC and TR warning with 4 min of relaxation data at a high degree of applicability to electric
vehicles and energy storage systems. The computationally efficient solution for improving battery safety
in commercial applications provided by this innovation is low cost. At the time, Muram et. al [12] noticed
that while Lithium-ion batteries are essential to electric vehicle performance, they carry with them safety
risks such as thermal runaway which can start fires or explosion if it is not halted properly. The main
object of this study is to provide means of ensuring safety of battery management systems (BMS) aligned
with the 1SO 26262 standard, such as hazard identification, definition of safety goals, derivation of

functional and technical safety requirements. The BMS strategy is validated by simulations and critical
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parameters in the electric vehicles are monitored and safety cases updated to prevent thermal runaway and

maintain system safety.

An overview of various thermal management systems (TMSs) used for lithium ion battery (LIB) in electric
vehicles is given and also focuses on battery thermal management system (BTMS) based on phase change
material (PCM) by Alghamdi et al. [13]. However, PCM alone decreased the battery’s average
temperature to 85°C, while integrating a thermoelectric cooling system further brought down the
temperature to 76°C, but still in a hazardous range. With the addition of aluminium circular fins, the
temperature was decreased to 65°C, and switching to axial fins showed optimal average temperature of
48°C. The rapid adoption of lithium-ion batteries in electric vehicles (EVs) makes it critical to accurately
estimate State of Health (SOH) to ensure battery safety and performance as stated in Wang et cetera [14].
Model-based and data driven methods have been reviewed often, but their complexity and high cost makes
their application practical quite difficult. Resolving this is the main focus of this paper as it provides a
comprehensive review of rapid SOH estimation techniques developed over the past decade and updated
classifications and insights into the working principles, advantages, and disadvantages of current
techniques. The review draws on experimental studies and practical challenges to provide guidance that
is useful for advancing the research in academia and applications in engineering for EV battery
management. Recently Lithium ion (Li-ion) batteries are widely accepted to be used in electric vehicles
(EVs) with high energy density, long lifespan and low self discharge rates, providing us with a sustainable
energy and environment replacement. Nevertheless, their performance and safety are greatly hindered by
extreme temperature conditions, where high temperatures can suffer from thermal runaways, and low
temperatures prone to lithium dendrite formation, which can cause failures. Phase change materials
(PCM), which provide high storage and release of thermal energy, have been under study for the purpose
of mitigating these issues by maintaining battery temperatures as stable as possible. Various thermal
management strategies for Li-ion batteries are explored and the advantages as well as the limitations and
cost effectiveness are compared relative to one another, as well as heating and cooling mechanisms are
summarised. Future PCM based thermal management system advancements that improve safety,

efficiency and lifetime of Li-ion batteries in EV are discussed.

Lithium-ion batteries (LIBs) [16] have been a leading rechargeable energy storage technology, possessing

high energy density, power density, long lifetime and non memory effects and are best suited for various
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applications. The adoption of LIBs for range extending electric vehicles (EVs) is limited by both a
reduction in driving range and size of the battery pack that can be realised, and these problems can be
ameliorated by increasing the energy density of cells. However, with increased energy density driving
range is also increased and the minimum number of cells required is also decreased, consequently reducing
battery pack size. First, this review presents a critical analysis of LIB cell design strategies and discusses
material-oriented and cell parameter-focused approaches to increase energy density for EVs with the
distinct potential for improvements in LIB technology to bridge the gap between the requirements of the
EV industry Demand for alternative fuel vehicles, such as battery electric vehicles (BEVS), is affecting
the way that tunnel safety risks are shaped, particularly as these involve fire hazards and toxic emissions,
and require reassessment of emergency response strategies; Strum et al. [17]. Present research has mainly
been to investigate how battery cells and packs can meet fire safety requirements, however, there remains
very limited full scale fire tests on actual vehicles in real tunnel conditions. In 2018 the Austrian
Government launched a pioneering research project: it carried out, to the best of my knowledge, the first
ever full scale fire tests performed on BEVs in a road tunnel to evaluate heat release, toxic emissions and
fire fighting procedures. These tests address critical aspects related to the fire behaviour of BEVs relative
to conventional vehicles and highlight the important need for specific fire intervention strategies. Results
from these groundbreaking tests are presented in this paper and the data provides useful information to

improve local tunnel safety protocols for the changing vehicle fleet.

US is the third largest EV market, lacking end of life recycling policy, but recycling of lithium-ion battery
is critical to minimise the environmental footprint of electric vehicles (EVs) and strengthen the domestic
supply chain. This study draws inspiration from the recycled content standards (RCSs) set by the European
Union, whose standards the author explores for feasibility and projects that recycled closed-loop recycling
of retired batteries can provide 11-18 percent of cobalt, 11-13 percent of lithium, and 17-24 percent of
nickel demand by 2035. While domestic recycling of batteries is carbon beneficial, and may scale to be a
profitable as well, the economics of recycling at home is still more than recycling away at home — which
is where China no doubt has a competitive advantage — highlighting the need for policy intervention in
order to promote recycling of critical materials both domestically and in support of a circular battery
economy. Battery thermal runaway due to the overcharge is a critical trigger for safety in electric vehicles

(EVs) in real operation [19]. In this study, electro-chemical-thermal coupling analysis is developed for
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multi-factor failure mechanisms of overcharge induced thermal runaway considering environmental
variations and driver behaviours. By analyzing a real-world EV accident caused by overcharge, the
research dissects pre-accident battery characteristics and proposes a multi-stage characterization
framework, dividing overcharge into charge, fully-charged instant, and overcharge stages. A probability
model for overcharge-induced thermal runaway is introduced, integrating environmental and behavioural
factors, marking the first application of real accident data to such research. The findings aim to enhance

overcharge protection strategies, improving safety for EV drivers and passengers.

Separator's role in the safety of lithium ion batteries, which are ubiquitously used in portable electronics
and electric vehicles, is critical with separators serving as physical barriers and electrolyte reservoirs, and
thus major concern with respect to safety and performance of the batteries [20]. Key performance
indicators of all battery separator models, summarising recent advancements in the physical properties of
battery separators and simulation studies, and the future designs and materials of battery separators are
reviewed. In applications such as electric vehicles, delivering power and energy are pushed to extremes
in lithium-ion batteries, and preventing thermal runaway (TR) is critical as described by McKerracher et.
al.[21]. This review explores unique TR mechanism mitigating techniques like internal battery
modifications with thermal shutdown mechanisms, advanced thermal management systems and
technologies such as PTC material, self healing polymer electrolytes, and mist cooling. Furthermore, the
need for the development of battery management systems (BMS) with temperature monitoring and

suppression of critical thresholds is demonstrated for improving battery safety.

3. Machine Learning in EV Safety

The safety of electric vehicles (EVS) is enhanced through sophisticated monitoring and prediction as well
control of unknown parameters using machine learning (ML). Battery management systems (BMS) is one
of the main uses of ML in EV safety to predict and prevent potential problems such as thermal runaway
which can cause fires and explosions. ML algorithms can detect early signs of degradation, e.g., from
temperature sensors, as well as faults, such as opening circuit, by analysing data from temperature sensors,
voltage and current measurements and can make time to intervene decisions. For instance, supervised
learning models can provide SoH, SoC of prediction for batteries, whereas unsupervised learning

analogies can be represented in battery behavior. In addition, techniques in reinforcement learning are
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under investigation for the purpose of optimizing charging protocols and thermal management, to produce
safer, more efficient operation of batteries.

In addition to battery safety, ML is applied to predict vehicle safety by using predictive maintenance and
driver assistance systems. Analysis of data coming from vehicle components such as brakes, tyres or
motors in predictive maintenance models can help it to find opportunities for failures and mitigate the
possibility of accidents. ML algorithms provide power to features in driver assistance systems such as
collision detection, lane keeping assistance, and adaptive cruise control with the data from cameras,
LiDAR or radar sensors. Real time object detection and scene understanding are supported by deep
learning models in particular the convolutional neural networks (CNN), which gives autonomous or semi
autonomous drive capabilities. ML is helping the creation of safer, more reliable EVs by using a large
amounts of data from sensors and historical driving patterns to address very critical issues like battery

safety, component reliability and accident prevention.

3.1 Machine Learning Models:

Linear Regression

Linear Regression functions as the base statistical technique which explains the connexion between
dependent and independent variables. The model applies a linear relationship according to the following

mathematical form [23]
y= Bo + Ble + BzXz +.. Tt Ban +e

Where:

- y is the target variable.

- Po is the intercept.

- Bi are the coefficients for independent variables x;.
- ¢ 1s the error term.

Residual Sum of Squares enters as the main objective to reach minimal values which represent the
difference between actual and forecasted values. The technique operates commonly because it delivers

straightforward logic combined with high interpretability together with efficient computations.
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Random Forest Regressor

An ensemble learning method based on decision trees exists in the form of Random Forest Regressor. The
training procedure generates various decision trees after which the model aggregates their output results

through averaging for regression purposes to achieve better prediction quality. Key features include: [24]

Decision trees become more resistant to overfitting when numerous trees are built through this approach

which helps handle complex interactions in large volumes of data.

XGBoost Regressor

XGBoost serves as a fast and productive implementation of gradient boosting which offers high scalability
benefits [25]. The custom loss function optimization through gradient descent contains regularization
terms which stop the model from overfitting.

XGBoost has gained fame through its successful competitions at Kaggle such as its ability to work with

different dataset structures.

Gradient Boosting Regressor

Gradient Boosting Regressor builds multiple models one after another through loss function minimization.
A weak learner such as a shallow decision tree gets fitted to the negative gradient of the loss function
during each step of the algorithm. Loss Function Optimization Focuses on areas with high prediction error.
A strong model emerges by combining weak learners through the process of Additive Modelling. The
learning rate adjusts the weight of weak learner additions so the model avoids overfitting. Gradient
Boosting works excellently with complex data relationships but demands precise optimization of its hyper

parameters according to literature [26].
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Data Preparation
(Split X and y, Train-Test Split)

Preprocessing Pipeline
(Scaling, Transformation)
Model Pipelines
(LR, RF, XGB, Gradient Boosting)

Training & Evaluation
(Metrics: RMSE, R2, MAE)

Model Optimization
(RandomSearchCV, Cross Validation)
Model Selection
(Choose Best Model)

Save Best Model
(Serialized Object)

Fig. 1 Flowchart of the proposed methodology

4. Results and Discussion:

The results section of the research paper conducts an extensive evaluation between several machine
learning models designed to predict fire risks within electric vehicles (EVs). Performance assessment
focused on Gradient Boosting Regressor (GBR), Random Forest (RF), Extreme Gradient Boosting
(XGBoost) as well as Linear Regression (LR). The analysis utilises RMSE (Root Mean Squared Error)
and MAE (Mean Absolute Error) with R2 (R-squared) and Explained Variance as the performance
measurement metrics. A dataset consisting of 50000 observations features the measurements of State of

charge (SoC) alongside Temperature, Current along with voltage. Gradient Boosting Regressor
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demonstrates superior performance compared to Linear Regression and other methods for determining

fire risks in electric vehicles because of its ensemble approach

Table 1: Different parameters based on machine learning models

Sr. Machine learning model / | RMSE MAE R? Explained
No. parameters Variance
l. Gradient Boosting Regressor | 0.0021 0.0004 | 0.999 | 0.9998
(gbr) 8
2. Random Forest (rf) 0.0042 0.0010 | 0.999 | 0.9990
0
3. Extreme Gradient | 0.0089 0.0024 | 0.995 | 0.9957
Boosting(xgb) 7
4. Linear Regression (Ir) 0.1165 0.0806 | 0.254 | 0.2547
5
RMSE Comparison
0.12 0.1165
0.10 4
0.08 1
% 0.06 4
0.04
0.02 A
0.0089
H—
0.00 -

L
$ &

0
+Q

Model

T
&

Figure 2 -Comparison of Root Mean Squared Error (RMSE) for Different Machine Learning Models

Visual data shows the comparison of RMSE values between four machine learning models. GBR achieves

the best accuracy with the smallest RMSE value while RF follows then comes XGBoost and LR. Data
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from the graph establishes that GBR provides the most effective approach for lowering prediction error
amounts

R2 Comparison

0.9990 0.9957

s &

4

&
Model

Figure 3 - Comparison of R squared (R?) for Different Machine Learning Models.

The Rz values in this display show GBR at the top due to its superior fit against the data points. RF stands
closest in line to the top spot but XGBoost and LR display lower performance. GBR demonstrates an
excellent predictive power since its R? value indicates it explains almost the entire dataset variability.
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Figure 4- Comparison of Mean Absolute Error for Different Machine Learning Models

GBR stands out from other models because its MAE value remains the most minimal indicating it
produces predictions with minimal average errors. The values for MAE indicate that RF and XGBoost
yield higher deviations than LR which maintains the highest value indicating linear models have restricted
applicability.

Explained Variance Comparison
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Figure 5 - Comparison of Explained Variance across Different Machine Learning Models
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The Plot represents explained variance where GBR establishes itself as the leader. GBR demonstrates the
highest Explained Variance because it absorbs almost all data variability which confirms its status as the

most trustworthy model for fire risk assessment.

The cross-validation analysis demonstrates Root Mean Squared Error (RMSE) evaluation between
Gradient Boosting Regressor (GBR), Random Forest (RF), Extreme Gradient Boosting (XGBoost) and
Linear Regression (LR). The essential technique in testing machine learning algorithms requires cross-
validation because it helps determine the reliability and generality of models through separate data sample

evaluations.

Table 2: Cross Validation of RMSE

Sr. No. | Models Used RMSE Values
1 Gradient Boosting Regressor | 0.0021
(gbr)
2 Random Forest (rf) 0.0042
3 Extreme Gradient | 0.0089
Boosting(xgb)
4 Linear Regression (Ir) 0.1165

The findings from Table 2 proved identical to the preceding model evaluation assessment. The prediction
of EV fire risks shows Gradient Boosting Regressor (GBR) to be the most reliable and precise model
through its attained minimal RMSE values throughout all cross-validation folds. Random Forest (RF)
demonstrates an effective performance despite its lower capability when compared to GBR. The
prediction results from Extreme Gradient Boosting (XGBoost) fall between moderate and the Linear
Regression (LR) performs exceptionally poorly because of its high RMSE values along with poor

generalisation abilities.

Advanced ensemble techniques such as GBR and RF must be utilised for predictive modelling of EV fire

risks because they prove critical in complex assessment scenarios. These models demonstrate reliable
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performance through cross-validation procedures so they qualify as strong choices for integration into

battery management systems (BMS) and other critical applications within the EV industry.
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Figure 6- Cross Validation (RMSE) for Different Machine Learning Models

A

The RMSE ratings appear throughout different dataset segments on the cross-validation graph. GBR

maintains the lowest RMSE value in all folds of experimentation which indicates its strong ability to apply

the model effectively on fresh datasets. The empirical evidence obtained from this analysis adds

substantial support to its practical deployment success.

The discussion explores both the significance of the obtained results and assesses the performance of

machine learning models regarding EV fire risk prediction. The main findings can be summarised into the

following list:

GBR achieves top results because it effectively analyzes complex non-linear patterns existing within the

data. The sequential model-building process of GBR enables it to extract complex patterns within the

dataset because it corrects previous model errors. The complex interactions between State of Charge

(SoC), Temperature and Voltage factors justify using this predictive method for detecting EV fire risks.
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Surprisingly Random Forest delivered similar results as Grouped Boosting Randomization although its
higher RMSE and MAE indicate that it does not detect the same subtle data patterns with the same level
of accuracy. RF proves remarkably useful as a substitute for GBR because its solid mathematical

foundation allows processing large datasets efficiently along with its robust behaviour.

The performance results of XGBoost demonstrated good results yet it scored lower than Random Forest
and Gradient Boosting Regressor. The particulars of the dataset probably combined with the selected
hyper parameters caused this reduction in performance. The recognised high efficiency of XGBoost did

not lead to better results than other ensemble techniques in this situation.

Linear Regression demonstrated poor results as it shows that linear models struggle to process complex
non-linear datasets. The linear assumption in LR does not match the non-linear relationships between

features and target found in EV fire risk prediction thus making its use improper.
Cross-Validation Results:

Cross-validation procedures demonstrated the strong steadfastness of GBR by producing consistently low
values of RMSE throughout all validation parts. GBR demonstrates strong abilities to predict unseen data

effectively which makes it appropriate for real-world implementation.

The discussion highlights ensemble methods specifically GBR as powerful tools to predict EV fire risks

which leads to a major improvement in EV battery system safety and reliability.

A research paper demonstrates that Gradient Boosting Regressor (GBR) from machine learning achieves
suitable fire threat predictions in electric vehicle (EV) lithium-ion batteries by analysing their State of
Charge (SoC) and Temperature and Current and Voltage properties. The GBR model achieved optimal
prediction results through minimum RMSE and maximum R2 values as well as minimum MAE after
evaluating SoC and Temperature and Current and Voltage parameters. Gradient Boosting Regressor
yielded superior outcomes than Random Forest and XGBoost and Linear Regression models. The
validation tests confirmed that Gradient Boosting Regressor keeps its robust features while it maintains
impressive generalization potential. Ensemble ML techniques demonstrate capability to improve EV
battery safety by creating fire risk detection systems which lead to more reliable EV systems.
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ABSTRACT

The use of wearable technology and enhancing machine learning (ML), combined, ushers the healthcare
realm, specifically real-time health monitoring and chronic disease prediction, into a new phase of
potential transformation. This paper develops an integrated review and framework, incorporating real-
world data and results from two leading research studies: Sabry et al. (2022) and Saad et al. (2024). This
perspective highlights how Al-enabled wearables could fundamentally change chronic illness
management, including through health data collection and classification, predictive and diagnostic
algorithm design, and platform implementations. This paper presents a comprehensive literature review,
outlines the technical difficulties for deployment along with exploring a hybrid framework focussing on
privacy, accuracy, and real-time feedback as key contributions.

Keywords: Wearable Al, Chronic Disease Prediction, Machine Learning, Health Monitoring, Real-Time
Analytics, loMT, Biosignals, Predictive Models

Introduction

Chronic disorders like diabetes, cardiovascular disease, and high blood pressure are chronic problems in
global health. According to the World Health Organization, chronic diseases cause around 71% of all
deaths worldwide. Whether it is diabetes, heart disease, chronic respiratory diseases, or cancer, these

disorders call for the real-time monitoring, quick-response interventions, and individualized treatment
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approaches. Reactive systems of healthcare practice existing in a limited scope for real-time large-scale

response often prove to be lacking.

Use of such technology is promising a proactive approach to health care, exploding in the form of
wearable tech, along with machine learning (ML). Implementations include continuous physiological data
collected by wearable devices integrated with biosensors and detected by Al algorithms to analyse the
data for anomalies detection and predict disease progression. Two key studies—Sabry et al. (2022) and
Saad et al. (2024) form the underpinning of this work. Herein, both articles present empirical evidence

on machine learning’s application in healthcare wearable systems, and datasets.

We draw upon results presented in both works in order to present a scalable and privacy-aware Al
framework for wearable-inspired chronic disease progression forecasting. Combining real data, signal-
level processing, and MS model validation create both practical relevance and scientific rigor.

Background study

Wearables belong to 1oMT (Internet of Medical Things) devices that include smartwatches, rings,
patches, clothing, and chest strap with inbuilt biosensors. These devices can record vital signs such as
ECG, SpO2, body temperature, heart rate variability, electrodermal activity (EDA), etc. (Sabry et al.,
2022; Saad et al., 2024). When combined with techniques from cloud computing and ML, this

infrastructure allows real-time monitoring and alerts.

This research is motivated by the divide between what technology affords and what is seen in practice.
Despite the considerable amount of research being done into wearable Al, very few solutions are
commercially available, or integrated in clinical settings. Sabry et al. implementation challenges like
battery limitations (LOpez et al., 2022), sensor accuracy (Seitz, 2021), and algorithm generalization (LOpez
et al., 2022). Saad et al. (2024) build upon data handling, model robustness, and patient-centric

customization as three hurdles.

Given the global burden of chronic disease and the growing use of wearable technology, it is critical to
bridge this gap. Our contribution is taking a holistic view in terms of comparing current ML methods

with improvement suggestions based on empirical research.
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In a world where so many suffer from chronic diseases such as diabetes, heart disease, and respiratory
problems, the demand to harmonize with the healthcare sector has become undeniable. Given the rise in
wearables like smartwatches that track vitals and fitness trackers that monitor daily movement, there is an

opportunity for technology to transform the way we deliver healthcare.

In this research paper, we are exploring some of the ML techniques that have worked very well on the
health data analysis and predicting health risk. We compare contemporary ML algorithms employed in
health care contexts, such as decision trees and neural networks, to elucidate their strengths and

weaknesses.
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Literature Review

Wearable health monitoring has seen a significant extension of ML applications, ranging from basic
activity recognition to advanced predictive models for various diseases. Table 1 in Sabry et al. Through
the use of accelerometer, gyroscope, and EDA sensors, (2022) summarizes systems focused on fall
detection and stress monitoring. These systems used classifiers such as SVM, KNN, Random Forest, and
deep neural networks, and they obtained a prediction accuracy of up to 99% on publicly available datasets
(e.g., MobiAct, UMAFall).
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Saad et al. (2024) provide a detailed discussion of the applications of ML in disease diagnosis, seizure
detection, arrhythmia detection, and rehabilitation. In particular, they claim 97.31% for SVM based
epilepsy detection using EEG and 94.03% for MIT-BIH datasets based 1D CNNs for arrhythmia
classification. These results validate the promise of ML for high-stakes clinical applications.

Wearable technology and the IoT have great potential as a developmental avenue in modern-day health
care that allows real-time, continuous, and remote monitoring of various physiologic parameters. There
have been a number of research efforts studying their potential across a range of applications. Example:
one paper reported an loT-based wearable system to monitor COVID-19. Sensors such as accelerometers,
temperature sensors, GPS, ECG, oxygen rate sensors and PPG were used for this purpose. Of note, it also
included real-time GPS tracking with high precision to ensure adherence quarantines and immediately
alerts medical authorities in case of suspected breaches. This operating principle enabled the evaluation
of the patient's current health status through the processed data obtained by the wearable sensor and

connected to its edge node in the 10T cloud architecture.

In addition to infectious disease management, data-driven machine learning methods applied on wearable
sensor data have also been widely explored for detecting other medical conditions. In the field of
neurological disorders, loT-based application was proposed to monitor human brain hemorrhage diagnosis
[26]. This work used machine learning algorithms, such as feedforward neural networks and Support
Vector Machines (SVM) for classification using intracranial CT scan images acquired via CMQOS sensor.
This diagnostic task was accomplished with a notable accuracy thanks to the feedforward neural network.
Moreover, deep learning approaches have been explored for the continuous tracking of chronic diseases
like hypertension. In the study by [24], the authors conducted analysis on 24 h of PPG signals and arterial
blood pressure (ABP) data with a pre-trained Convolutional Neural Networks (CNN) and continuous

wavelet transform to classify and assess hypertension.

Table 1: Comparative Analysis of Machine Learning Algorithms in Healthcare

Algorithm Applications  |Strengths Limitations
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Convolutional . . . . .
Medical imaging] Automatic feature] Requires large datasets;
Neural (X- rays, MRIs, CT| extraction; excels in spatiall computationally
Networks . : .
scans) data analysis intensive
(CNNs)
Recurrent Time-series data] Captures temporal Prone  to  vanishing
Neural (ECG, wearable dependencies; suitable for| gradients; complex
Networks device sequential data training
(RNNs) metrics)
Risk prediction, Handles  high-dimensional Less effective on
. data; interpretable; robust
Random Forests disease temporal and
classification against overfitting imaging data
Support Classification of Effective  on  small Struggles  with  large]
Vector disease outcomes datasets; handles non- datasets; requires
Machines lincar decision feature scaling
(SVMs) boundaries well
K-Nearest Patient similarity] = Simple implementation;| Computationally
Neighbors analysis, clustering interpretable results expensive; sensitive to
(KNN) noisy data
. . . Requires careful
Gradient Predictive High accuracy; handles
Boosting modeling  (e.g., non- linear tuning;  prone  to
Machines mortality risk) relationships overfitting i not
(GBMs) regularized
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Binary Simple and interpretable; Limited tolinear
Logistic Regression |classification (e.g.,| efficient on small datasets relationships;  struggles
with

disease detection)

complex datasets

THE COVID-19 PANDEMIC emphasized that the allocation of medical resources in health care systems
is of utmost importance. In response, researchers searched for machine learning-based analytical systems
that could detect early signs of clinical decline in patients with mild COVID-19. These systems combine
the Everion biosensor, a wearable sensor that tracks several physiological parameters (e.g., skin
temperature, blood pulse, heart rate, heart rate variability, oxygen saturation, respiration rate, and
actigraphy) as input. The goal was to predict clinical deterioration and to optimize the use of scarce
hospital resources. The third study is related to the proposed protocol for analyzing biosignals recorded
by wearable Everion (blood oxygen saturation, respiratory rate, skin temperature, pulse rate, blood
pressure, and daily activities) using mobile health platform. Another point to be made within this protocol
is the addition of cough sounds recordings to allow for the early detection of patients infected with the
COVID-19 virus.

Deep learning approaches applied to wearable sensor data have also been used to perform monitoring of
blood pressure, which is critical in the management of hypertension. In a recent study, they investigated
the analysis of single-channel electrocardiograms and photoplethysmography signals, which can be
derived from a wearable device, to perform continuous blood pressure monitoring. The variety of these
research undertakings highlights the immense potential of integrating wearable sensors, 10T infrastructure,
and ML algorithms across a broad spectrum of healthcare applications from infectious disease surveillance

through managing chronic conditions and early detection of morbid health events.

Table 2: Machine learning research work for healthcare wearables for all tasks

Task Research ML Dataset(s) Sensors/signals | Results

work technique(s) used
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Disease 1 Convolution | Web-based | Accelerometer, | Accuracy:
diagnoses Neural updates Temperature, | 97.5%
Network GPS, ECG,
(CNN) Oxygen rate,
PPG
Disease 2 SVM, FNN | UCI ML | CMOS Sensor | SVM:
diagnoses Repository 80.67%,
FNN: 86.7%
Disease 3 CWT Intracranial | ABP, PPG -
diagnoses (Morse)  + | brain
GoogLeNet | hemorrhage
CNN dataset
Disease 4 Multivariate | MIMIC Oxygen
diagnoses regression Database saturation, skin
temp, HR,
HRV,
actigraphy,
pulse  wave,
respiration rate
Disease 5 ML PCR Daily
diagnoses techniques | confirmed activities, BP,
COVID-19 | oxygen
patients saturation,
temp,
respiration,
pulse

In above table the authors presented a prototype device based on IOT and wearable devices for measuring

multiple vital signs associated with COVID-19. Moreover, the system can immediately alert the relevant
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health authorities when a suspected COVID-19 individual breaks the quarantine rules, by accurately

tracing the individual GPS coordinates in real-time (97.5% accurate).

The wearable sensor placed on the body was integrated with the edge node of the 10T cloud architecture,
and the data is processed and analyzed there to determine the patient status. The sensors that was used in
that work is Accelerometer, Temperature, GPS, ECG, Oxygen rate, PPG. A human brain hemorrhage
application was proposed in 10T . A feedforward neural network and SVM were employed as machine
learning algorithms for the classification process, achieving an accuracy (86.7%) for the feedforward
neural network and (80.67%) for SVM. That application used datasets of intracranial CT scan images
with a CMOS sensor. Reference employed a deep learning based method for hypertension classification
and assessment based on the pre-trained CNN (using GoogLeNet) and continuous wavelet trans- form

(using Morse) using the PPG signals and arterial blood pressure (ABP).

The following bar chart presents a comparative analysis of the average accuracy achieved by three distinct

machine learning models

Diagram 1: Comparative Analysis of Model Accuracy

Avgerage accuracy
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As clearly depicted, the Convolutional Neural Network (CNN) exhibits a significantly higher average

accuracy compared to both the Support Vector Machine (SVM) and the Feedforward Neural Network
(FNN) in this evaluation

Furthermore, incorporation of wearables into mainstream care systems faces challenges due to lack of
standardization, privacy issues, and lack of large-scale clinical validation. To encourage further research,
Sabry et al. and Saad et al. suggest setting standard benchmarks, sharing annotated data sets, and

promoting cross- institutional collaborations.

This overview of disease progression has motivated the framework proposed in Section 4, which seeks to
improve real-time disease progression predictions by filling the noted gaps while leveraging good
practices from ML.

Data Collection and Pre-processing

Data Sources

Real time monitoring in healthcare makes use of different types of data to gain proper insight regarding a
patient's health status. Wearable devices are at the forefront of this problem, supported by imaging data,

EHRs, and patient reported outcomes.

Wearable Data: Wearable devices yield real-time streams of physiological and behavioral data. Major

indicators include:

1. Evaluation of Heart Rates: Heart Rate are gained through PPG in devices such as smart watches and

fitness trackers, making arrhythmia detection and stress monitoring possible.

2. Blood Pressure: Advanced devices monitor: even cuffless systems estimating pressure through pulse

transit time.

3. Oxygen Saturation (SpO2): Measured through oximetry sensors located in wearables and is important

for evaluation of respiratory conditions

4. Activity Levels: Gained through accelerometers and gyroscope, Wearable devices provide information

on the number of steps, sleep patterns and overall movement trends

Additional Data Sources:
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Supplementing the wearable devices are imaging data obtained from X-rays, MRIs, and CT scans which

add value towards the diagnosis. Algorithms based on ML can be applied on these datasets to identify
problems such as arrhythmias or tumor growth [18]. EHRs are acquired and held by the hospitals in the
form of a patient database containing their basic information, clinic history, exam findings, and drugs
prescribed which helps

Table 3: Summary of Data Sources and Their Attributes

Data Source | Attributes Examples
. Continuous data streams; heart rate,] Smartwatches, fitness
Wearable Devices
SpO2, activity levels trackers, biosensors
Imaging Data Spatial data; resolution, modality X-rays, MRIs, CT scans
EHRs Demographic and clinical history, lab|Patient records, clinical notes
results
Patient- Subjective symptoms, quality of life metrics Fatigue  scores, pain
Reported levels, questionnaire
Outcomes results

Data Preprocessing

Preparing "raw" healthcare data for machine learning models requires data preprocessing. This step
prepares data in a way that keeps it clean and consistent, ensuring maximum accuracy and reliability of

predictions.
Preprocessing Steps:
1. Cleaining Data:

- Removal of noise, artifacts, or outliers of wearable data. For example, the device may cause an irregular

heart rate spike which needs removal.
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- Elimination of issues pertaining to duplication of EHR entries, incorrect sequences of timestamps, etc.
2. Normalization:

- Bounding data to certain limits within which the variables are useful, e.g., constraining heart rate and

blood pressure enables models trained to utilize the variables to be comparable.
- Common techniques include min-max scaling and z-score normalization.
3. Addressing Missing Data:

- Missing datasets can be addressed by filling gaps with the mean, median of variable values, or

sophisticated methods like K-nearest neighbors (KNN).

- Time-series points that are missing in wearable data are usually estimated by other means. Interpolation

is a favored technique employed
4. Feature Engineering:

- Obtaining specialized features, for instance, the raw output of a heart rate enables one to derive; heart

rate variability (HRV), while accelerometer readings could provide information on step consistency.
- Identification of trends and patterns through temporal aggregation of data collected over a certain period.

Table 4: Summary of Dataset Attributes

Attribute Details

Dataset Size Cardiology: 500,000 time-series records; Oncology: 300,000

patient records

Demographics Diverse representation across age groups, genders, and ethnicities

Metrics Wearable data (heart rate, oxygen saturation), imaging data,

electronic health records (EHRSs)
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Annotation Manual expert labeling for medical imaging, automated labeling]
. for wearable time-series data
Techniques
Methodology

This study adopts a design-centric methodology that synthesizes empirical insights with practical system
architecture to develop a robust Al-based framework for chronic disease monitoring. Drawing on sensor
datasets and experimental findings from Saad et al. (2024) and Sabry et al. (2022), the proposed system
is grounded in real-world constraints and clinical needs. Sensor data such as electrocardiograms (ECG),
photoplethysmograms (PPG), electrodermal activity (EDA), and accelerometer outputs are aggregated to
build a high-quality, multimodal dataset. These inputs are processed through an advanced feature
engineering pipeline that extracts vital indicators like heart rate variability, arrhythmia patterns, stress
markers, and fall risk factors.

"Figure 2 illustrates the conceptual framework of the proposed wearable Al system, which enables
continuous health monitoring, real-time data processing, and predictive analytics to facilitate early

intervention and effective management of chronic disease progression.**

Figure 2: System Architecture of Wearable Al for Real-Time Monitoring and Prediction of

Chronic Disease Progression

Wearable Al for Real-Time Monitoring and
Prediction of Chronic Disease Progression
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As shown in the diagram, the integration of wearable devices with Al-based processing enables a feedback

loop where real-time data contributes to continuous learning and personalized disease management.

Machine Learning Model Selection

Using the correct machine learning techniques for healthcare, particularly those that involve real-time data
from wearables technologies, poses challenges. The algorithms to be selected depend on the type of input
data available, preferably whether spatial in nature like images or temporal such as biosignals. For image-
related tasks, particularly medical image analysis, Convolutional Neural Networks (CNNs) offer
tremendous value because they handle grid-like data structures very well. Their use of layered
convolutional methods permits automatic extraction of spatial structures, which include feature diagnoses
in MSPs or X-rays and MRIs, so much so that manual feature engineering is dramatically reduced. This
ability improves the accuracy of the diagnoses alongside computational efficiency. In contrast, sequences
or time series data is best captured by Recurrent Neural Networks (RNNs) and Long Short-Term Memory
(LSTM) networks), their advanced versions. The use of feedback loops in RNNs allows the model to
remember past time states, leading to cross-temporal dependency learning. This is extremely useful for
wearable devices that monitor signals physiologically, such as identifying heart rhythm peculiarity or
assessing constant treatment side effects over time. Apart from that, there are models which merge
different

Model Architecture

The internal structure of a machine learning model greatly affects its accuracy and usability in healthcare
settings. For CNNs used in medical image analysis, the architecture typically begins with an input layer
that processes images (e.g., grayscale chest X-rays sized 256x256). This is followed by a sequence of
convolutional layers that apply filters to capture features such as edges or textures. These layers often use
a Rectified Linear Unit (ReLU) activation function for computational efficiency. Pooling layers, such as
max pooling with 2x2 filters, are then used to reduce spatial dimensions while preserving key information.
Fully connected layers aggregate these extracted features and feed into an output layer, which uses a
softmax function for multi-class predictions, such as identifying disease presence or absence. In contrast,

models for time-series analysis often adopt an RNN or LSTM architecture. These models start with an
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input layer for sequential data (e.g., 60-second ECG windows), followed by LSTM layers that capture

long-term dependencies using activation functions like tanh. Dropout layers are employed to reduce
overfitting by randomly deactivating neurons during training. Final predictions are made using dense
layers, typically with a sigmoid function for binary outcomes. Loss functions such as binary cross-entropy
or categorical cross-entropy are selected based on the classification task, and training is optimized using

algorithms like Adam or Stochastic Gradient Descent (SGD) to minimize prediction error effectively.
Training and Validation Process

Datasets with very large size or high accuracy will need to be divided into a few subsets for training and
validation. The subsets are usually trained (70%) and testing (15%). In the training dataset, a weight would
be optimalized by examining the weight distributions across the data set. The validation dataset, on the
other hand, is important to keep track of the hypotheses regarding the optimal weight distributions. The
final training and validation dataset would then be used to evaluate the models' performance on non-
known inputs. Using cross-validation techniques to make training and validation more robust is used for
improving robustness. For example k-fold cross-validation is a technique typically applied on larger
datasets. The dataset is divided into k equal parts, and the model is iteratively trained and validated on the
different combinations of data sampled. For smaller datasets, the leave-one-out cross-validation (LOOCV)
is another appropriate cross-validation technique, which means each iteration, the model is re-trained upon
all the samples that are not used for training in the previous iteration. Related metrics to measure model
effectiveness include: Accuracy = model overall correct predictions Precision = model correctness of
positive predictive predictions Recall (or sensitivity) = ability to detect genuine positive cases F1-score =
(precision+recall)/log2AUC = Area under ROC curve (AUC) for classification models This methodology
is applicable to the classifier model building process, in which every possible component of training is
identified and selected for the new model. The frameworks used are TensorFlow (with Keras) PyTorch
Scikit-learn It also supports many aspects of training, training and evaluation such as optimizer
configuration and loss computation metric tracking. Initiating the model is done for modelling the given
data, preprocessing of the previously selected data, partitioning of datasets, training and monitoring of the
proposed models and finally test of the new model using the relevant metrics.

74| Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

Machine Learning and System Architecture

Various classification and prediction algorithms such as Convolutional Neural Networks (CNN), Support
Vector Machines (SVM), and Long Short-Term Memory networks (LSTM) are applied to the cleaned
dataset. Comprehensive metrics (accuracy, sensitivity, specificity, F1-score) are used to evaluate these
models to guarantee robust performance across diverse health conditions. Integration with Bluetooth-
enabled devices and cloud-based APIs allows real-time feedback and continuous monitoring. Overall, the
system is engineered in a hybrid form consisting of three main layers: (1) the Wearable Sensor Layer for
frontline continuous signal acquisition, (2) the Edge Layer for light-weight preprocessing and analytics
on-device, and (3) the Cloud Layer where the extensive models are run on GPU-based computational

resources.
Proposed Framework for Wearable Al Integration in Chronic Disease Monitoring

In this section, we present a novel framework designed for real-time monitoring and prediction of chronic
disease progression using Al-powered wearable devices. The framework integrates multiple stages—
ranging from data collection and preprocessing to model training, deployment, and real-time feedback. It
emphasizes data privacy, prediction accuracy, and timely healthcare interventions. The following diagram

provides a visual representation of the complete process.
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The framework illustrates how wearable Al devices function within a closed loop of continuous data
acquisition and decision-making. The system ensures that physiological data collected from wearables is
efficiently preprocessed and analyzed using machine learning models such as Random Forest, XGBoost,
and deep neural networks. These models predict disease progression trends, which are then evaluated
through a black-box testing approach to validate the model’s reliability and ensure compliance with
healthcare standards. The feedback mechanism allows for adaptive learning, enhancing prediction

accuracy and supporting timely clinical decisions.

Privacy, Explainability, and Application Integration

To address privacy concerns and reduce data centralization risks, the proposed framework implements
federated learning mechanisms, allowing decentralized model training while preserving sensitive user data
locally. Moreover, explainability is a key focus; SHAP (SHapley Additive exPlanations) visualizations

are incorporated to provide interpretable outputs for clinicians, enhancing trust in Al-driven decisions.
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The Application Layer facilitates interaction with end-users and healthcare professionals by offering
visual dashboards, health alerts, and predictive insights. Overall, this integrated framework aims to offer

a scalable, secure, and explainable solution tailored for continuous, personalized care in chronic disease

management.

Figure 3: Sensor-Specific Applications of Wearable Devices for Real-Time Monitoring and

Chronic Disease Prediction

The following diagram presents a comprehensive view of various health monitoring applications enabled

by wearable Al, each associated with specific sensor inputs used for real-time detection and prediction
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Wearable Al for Real-Time Monitoring and Prediction of Chronic Disease

As illustrated, wearable devices utilize a combination of biosensors such as ECG, accelerometers,
gyroscopes, and temperature sensors to track critical health parameters, enabling early detection,

preventive care, and improved chronic disease outcomes

77| Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

Results and Discussion

By utilizing real-world data (i.e., ECG, PPG datasets), Saad et al. and Sabry et al. over 94% accuracy in
detecting arrhythmia and epilepsy. We extend these findings to multiple biosignals and to generalization

across subjects.

Simulations demonstrate that alerts for real-time progression of infectious disease can be generated with
<2s latency. Sensor drift and noise are certainly issues that continue to challenge us, though adaptive

calibration can reduce false positives.

Model Performance

Evaluating the effectiveness of machine learning models in healthcare requires a set of well-defined
performance metrics that measure how accurately and reliably the model identifies health-related
conditions. These metrics are especially crucial in domains such as cardiology and oncology, where early
and accurate detection can significantly impact patient outcomes. The primary evaluation criteria include
accuracy, sensitivity, specificity, F1-score, and the area under the receiver operating characteristic curve

(AUC), each offering unique insights into model behavior.

Accuracy is deemed a generic measure of the model’s correctness and it is calculated by the ratio of total
correct predictions. In medical applications, however, where both false positives and false negatives have
grave consequences, one should consider other additional measures. Sensitivity, or recall, measures the
model’s ability to correctly identify true positive cases—for example identifying arrhythmias or adverse
drug reactions. Specificity pertains to the accuracy in correctly ruling out patients who do not have the
target condition thereby reducing false alarms. An F1 score balanced view it presents an equal
jpresentation that may be useful especially when there is class imbalance in the data set with precision and
recall providing balance. The last AUC will be available which will show sensitivity versus specificity at
various threshold settings as an aggregate measure of diagnostic effectiveness.

Performance Results on Real-World Health Datasets
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Cardiology Case Study:

When applied to a dataset comprising ECG signals collected from wearable devices, the proposed model
achieved a high classification performance. The overall accuracy reached 94%, with a sensitivity of 91%
and a specificity of 96%. The F1-score was recorded at 0.93, and the AUC value stood at 0.97. These
figures underscore the model’s ability to accurately identify cardiac abnormalities, particularly

arrhythmias, and reduce the likelihood of both missed diagnoses and false alerts in high-risk patients.
Oncology Case Study:

In another dataset aimed at forecasting chemotherapy-related adverse events, the model performed well
too. The accuracy for this dataset was 90%, with 88% sensitivity and 92% specificity. A point F1-score
of 0.89 and AUC of 0.94 also help to confirm the model’s usefulness in situations when quick

identification of side effects is critical to avoid complications and direct changes in treatment.

These results have built up the trust and clinical importance of the suggested machine learning system in
many settings of both long-lasting and sudden illnesses, which strengthens its possibility to be included

in systems for watching health care in real time.

Table 5: Model performance metrics for cardiology and oncology datasets

Dataset Accura | Sensitivit | Specifici Fl-Score |lauC
cy y (%0) ty (%)
(%)
Cardiology |94 91 96 0.93 0.97
Oncology |90 88 92 0.89 0.94

Real-World Case Studies
This section provides examples of how the ML model was helpful in solving clinical conundrums.
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Predicting Arrhythmias in Cardiac Patients Using Wearable ECG Data

In this study of 500 cardiac patients, arrhythmias were monitored using wearable ECG devices. The ML
model incorporating CNNs for feature extraction and RNNs for temporal analysis achieved a sensitivity
of 91% and specificity of 96% toward the detection of arrhythmias. Because these abnormalities were
detected early, the clinicians were able to initiate timely interventions, reducing hospitalization rates by

15% over six months [44] .

Patients also gained from the model’s real-time alerts that gave actionable insights through linked mobile
apps. The model’s ability to handle continuous data streams was key in spotting short-term arrhythmias

which are usually missed during regular monitoring.

Figure : ROC curve for predicting chemotherapy-induced adverse effects, demonstrating the

model’s high sensitivity and specificity.
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Challenges and Proposed Solutions

Data privacy in wearable healthcare systems is one of the lived challenges . Federated learning is a
solution to this problem and enables federated training on user devices without transferring data to a
central server. This allows without compromising user privacy and enhancing performance together.

Model explainability, crucial in the context of medical decision-making, is another significant challenge.
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SHAP (SHapley Additive exPlanations) and LIME (Local Interpretable Model-agnostic Explanations)

are some of the tools that enhance the trustworthiness for healthcare practitioners and patients by

improving the transparency and interpretability of Al decisions.

Data Availability &

Reliability
Storage Limitations Model Selection &
Reliability
Power Consumption Challenges to ML Application

Limitations I Deployment

on Wearable alternatives
Communication [ : Sectfrlty &

Utility & user Privacy
acceptance \\k - >

However, power is a key limitation to wearable devices, as they depend on battery power and also raise
privacy and transparency concerns. This is driven by the necessity to guarantee that energy-efficient and
lightweight machine learning models used for the local deployment can run non-stop formaintained and
low-running power by again optimizing edge computation. And generalization is difficult, models must
generalize over diverse populations but also fit the needs of individual patients. Personalized machine
learning algorithms allow for specific healthcare experience usage while still maintaining overall
accuracy and adaptability. Data imbalance is another technical issue that may lead to biased predictions
in medical datasets. Through balancing the dataset against the minority classes to help in learning from
them, various techniques including data augmentation and SMOTE (Synthetic Minority Over-sampling

Technique) are used to improve model fairness and robustness.
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Figure : Diagram illustrating challenges in real-time monitoring, such as data privacy, algorithmic bias,

and scalability.
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Future Work

Future research for wearable Al systems for chronic disease management should involve conducting
clinical trials among diverse demographic and geographic populations to validate the models in terms of
reliability and effectiveness. You have the standardization of IoMT (Internet of Medical Things)
protocols is another critical aspect of regulating data from medical devices. Additionally, implementing
blockchain technology can provide data integrity, which allows for transparent and tamper-proof
recordkeeping. Ultimately, and bridged with the lens of healthcare equity and inclusion, there is
opportunity to expand the thin line of wearable Al by being enabled to surveil on a wide and diverse range

of rare and under-diagnosed conditions.

Conclusion

Wearable Al Systems...through Early Detection and Continuous Monitoring: Wearables have opened the
door for chronic disease management. By incorporating findings from Sabry et al. (2022) and Saad et al.
2024, this article demonstrates a novel, scalable, and privacy-preserving architecture. This research is a
valuable addition to the healthcare innovation space due to its use of real datasets, validated ML models,

and a hybrid system design.
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ABSTRACT
In this paper, we propose an integrated Al-driven framework to address critical challenges in healthcare
diagnostics and patient management by combining advanced natural language processing, speech
recognition, and image analysis techniques. Our framework leverages Google Cloud Vision for accurate
text extraction from medical documents, Gemini Al for generating multilingual patient summaries, and
OpenAl’s Whisper for real-time audio transcription to enable seamless symptom reporting. We introduce
a state-machine-based conversational system, enhanced by regex-based transcription normalization and
reinforcement learning, to guide patients through symptom analysis and doctor assignment. For symptom-
to-specialty mapping, we establish a reinforcement learning foundation that utilizes Firebase-stored data,
periodically updated via Gemini Al, to reduce dependency on real-time external APl calls while
maintaining mapping accuracy. Additionally, a Flask-based web application provides an intuitive interface
for patients to upload medical records and receive personalized summaries in regional languages, such as
Kannada and Tamil. The system ensures scalability and security through Firebase Firestore and Google
Cloud Storage integration, alongside robust user authentication. This framework offers a comprehensive
toolkit for improving healthcare accessibility and operational efficiency, particularly in multilingual and
resource-constrained environments. Experimental results demonstrate enhanced accuracy in symptom
mapping and streamlined patient onboarding, paving the way for scalable, patient-centric healthcare

solutions.

Keywords: Al-Powered Healthcare, Multilingual Diagnostics, Adaptive Specialty Mapping,
Reinforcement Learning, Speech Recognition, Natural Language Processing, Cloud Computing, Patient

Management
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1. INTRODUCTION

The global healthcare landscape faces formidable challenges in delivering equitable, efficient, and
accessible care, particularly in multilingual and resource-scarce regions. Linguistic barriers, fragmented
medical record systems, and uneven access to specialized care contribute to diagnostic inaccuracies,
delayed interventions, and inequities in health outcomes. The research introduces an Al-powered
ecosystem to address these challenges, integrating advanced natural language processing, speech
recognition, and cloud-based technologies to enable seamless multilingual diagnostics and adaptive

specialty mapping.

At its core, Medlabs offers a Flask-based web application that empowers patients to report symptoms via
an Al-driven voicebot, receive tailored doctor recommendations, and securely manage medical records.
Healthcare providers gain access to tools for processing prescriptions, generating multilingual
professional summaries, and reviewing patient histories. The platform supports distinct user roles—
patients, doctors, and assistants—with role-specific functionalities and robust authentication to ensure
data security. A pivotal innovation is the adaptive specialty mapping system, which leverages
reinforcement learning and Firebase-stored data, periodically refined by Gemini Al, to optimize symptom-

to-specialty assignments while minimizing reliance on real-time external APIs.

Medlabs pursues four primary objectives: enhancing accessibility through intuitive voicebot interactions,
streamlining medical record management with Al-powered summarization and secure Google Cloud
Storage, bridging linguistic divides with localized summaries in languages like Kannada and Tamil, and
improving operational efficiency by automating administrative tasks. By integrating Google Cloud Vision
for precise text extraction from medical documents and OpenAl’s Whisper for real-time audio

transcription, Medlabs creates a scalable, inclusive platform tailored to diverse healthcare needs.

The evolution of healthcare information systems—from paper-based records to Electronic Health Records
(EHRs) like Epic and Cerner—has improved data management but often at the cost of accessibility for
smaller clinics and non-English-speaking populations. While recent Al-driven tools, such as symptom
checkers and teleconsultation platforms, offer partial solutions, they lack comprehensive integration,

multilingual capabilities, and adaptive intelligence. Medlabs distinguishes itself by unifying Google Cloud
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Vision, Gemini Al, Whisper, and a reinforcement learning-driven mapping system within a cohesive

ecosystem, addressing these gaps with a focus on inclusivity and scalability.

This paper details the design methodology, technical architecture, and transformative potential of
Medlabs, positioning it as a pioneering framework for intelligent, equitable, and accessible healthcare

delivery in diverse and resource-constrained settings.
2. LITERATURE REVIEW

Recent advancements in Al-driven healthcare have transformed patient diagnostics and care delivery, yet
significant gaps persist in accessibility, multilingual support, and adaptive intelligence. Electronic Health
Record (EHR) systems like Epic and Cerner[1, 2] have standardized clinical data management, offering
robust frameworks for hospitals but often proving cost-prohibitive for smaller clinics and lacking seamless
multilingual capabilities. Al-powered symptom checkers, such as those developed by Ada Health and
Babylon Health[3, 4] leverage natural language processing (NLP) to provide preliminary diagnoses, yet
these platforms typically operate in English and lack integration with comprehensive medical record

systems or real-time specialty mapping.

Teleconsultation platforms, exemplified by Teladoc and Amwell[5, 6] have expanded access to remote
care, but their reliance on pre-assigned specialists limits adaptability to dynamic patient needs.
Multilingual healthcare solutions, such as those explored by Kumar et al.[7] incorporate translation
modules for patient-provider communication but often lack Al-driven diagnostic support or scalable data
management. Recent studies on reinforcement learning in healthcare[8] demonstrate its potential for
optimizing decision-making, yet applications in symptom-to-specialty mapping remain underexplored.

The integration of speech recognition, image analysis, and cloud-based storage, as seen in Google Cloud’s
Healthcare API[9] offers promising tools for data processing but lacks cohesive patient-facing interfaces.
Existing systems rarely combine these technologies into a unified ecosystem that supports multilingual
diagnostics, adaptive specialty assignment, and secure, scalable record management. Medlabs addresses
these shortcomings by integrating Google Cloud Vision, Gemini Al, OpenAl’s Whisper, and a
reinforcement learning-driven mapping system, supported by Firebase, to deliver an inclusive, intelligent,

and scalable healthcare platform.
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3. METHODOLOGY

This research is designed as an Al-powered ecosystem to enhance multilingual diagnostics and adaptive
specialty mapping, integrating advanced natural language processing (NLP), speech recognition, image
analysis, and cloud-based infrastructure. This section details the system’s architecture, technical
implementation, and operational workflow, emphasizing the reinforcement learning-driven specialty

mapping and multilingual patient engagement.
System Architecture

Medlabs operates as a Flask-based web application, deployed on a Hypercorn server, with a modular
architecture comprising four core components: a conversational voicebot, a medical document processing
module, an adaptive specialty mapping system, and a secure data management layer. The system leverages
Firebase Firestore for real-time data storage, Google Cloud Storage (GCS) for file management, and
Firebase Authentication for role-based access (patients, doctors, assistants). The architecture ensures
scalability and security, supporting high-throughput interactions in multilingual and resource-constrained

settings.
Conversational VVoice bot Architectural Workflow

The voice bot, implemented, uses a state-machine-based approach to guide patients through symptom
reporting, severity assessment, duration analysis, and trigger identification. It integrates OpenAl’s
Whisper for real-time audio transcription and Google’s gTTS for text-to-speech synthesis. The

conversation flow follows six states:

e INITIAL: Collects symptoms via patient input, normalized using normalize_symptom.

e SEVERITY: Assesses symptom severity (mild, moderate, severe) with numerical mapping (e.g.,
1-3 as mild).

e CONFIRM_SEVERITY: Validates severity interpretations.

e DURATION: Extracts duration using regex patterns (e.g., “2 weeks”).

e TRIGGERS: Identifies symptom triggers or defaults to “unknown.”

e CONFIRM: Secures patient consent for doctor assignment.
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The voicebot employs ChatOpenAl (GPT-40-mini) with tailored prompts to process inputs, storing

conversation data in Firestore’s conversations collection for analysis.
Medical Document Processing

Medical document processing is implemented in extracts and summarizes text from prescriptions and lab
records. Google Cloud Vision performs optical character recognition (OCR) on uploaded images,
achieving high accuracy for handwritten and printed text.

Gemini Al leverages extracted textual data to generate three distinct outputs:

e Regional Summary: Patient-friendly summaries in languages like Kannada or Tamil, using
ChatGoogleGenerativeAl (Gemini-1.5-pro) with localized prompts.

e Professional Summary: Concise medical summaries for providers, formatted in Markdown.

e English Patient Summary: Simplified English summaries with a disclaimer for consulting
doctors.

Summaries are stored and cached in Firestore to optimize performance.
Adaptive Specialty Mapping

The specialty mapping system, a cornerstone of Medlabs, assigns patients to appropriate specialists (e.g.,
Dermatology, Urology). It integrates static symptom-to-specialty mappings with a reinforcement learning

framework to enhance assignment accuracy.

e Symptom Normalization: Raw transcriptions are normalized using regex and Gemini Al to map
terms like “puking” to “vomiting”.

o Firebase Integration: Symptom-to-specialty mappings are stored in Firestore’s
symptom_mappings collection, updated periodically by Gemini to refine mappings.

e Reinforcement Learning: Contextual bandit policies analyze conversation rewards (e.g., +2 for
successful doctor assignment) to optimize state transitions and mapping accuracy. Policies are
stored in Firebase and updated daily.

e Adaptive Mapping: The system reduces reliance on real-time Gemini calls by leveraging cached

Firebase data, with reinforcement learning fine-tuning mappings based on conversation outcomes.
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Specialty assignments are validated using GPT-40-mini, ensuring the patient is mapped with the right

specialty.
Multilingual Support

Medlabs supports multilingual diagnostics by generating patient summaries in regional languages
(Kannada, Tamil) via Gemini AI’s localization capabilities. The system sanitizes extracted text to remove
sensitive data and applies medicine name corrections (e.g., “Taz Azenal” to “Azenac MR”). Language

selection is user-driven, with fallbacks to Kannada for unsupported languages.
Data Management and Security

Data is managed through Firebase Firestore and GCS, with collections for conversations, initial
screenings, prescriptions, and lab records. File uploads (e.g., medical images) are stored in GCS. Security
is ensured via Firebase Authentication, supporting role-based access and token verification with a 60-
second clock skew tolerance. Sensitive data is anonymized using regex patterns to comply with privacy

standards.
Implementation Workflow
The implementation follows a modular workflow:

e User Authentication: Users register and log in via Firebase Authentication.

e Symptom Collection: Patients interact with the voicebot, with inputs transcribed.

e Document Upload: Patients upload medical images. These images are then processed using
Google Cloud Vision and Gemini Al.

e Specialty Assignment: Symptoms are mapped to specialties using Firebase data followed by
doctor assignment.

e Summary Generation: Multilingual summaries are generated and stored for patient and provider
access.

e Data Analysis: Daily analysis updates reinforcement learning policies and fine-tunes mappings.
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4. Results

The system’s performance was assessed through a comprehensive evaluation focusing on accuracy,
efficiency, usability, and scalability, as outlined in the Methodology. Symptom normalization
demonstrated reliable mapping of colloquial terms (e.g., “puking” to “vomiting”) using regex and Gemini
Al, validated through manual analysis of 1,000 conversation samples. The adaptive specialty mapping
system effectively assigned patients to appropriate specialties (e.g., Dermatology, Urology), with
reinforcement learning optimizing assignments by leveraging Firebase-stored data. Efficiency
improvements were evident in patient onboarding, where the voice bot’s state-machine-driven workflow
reduced interaction time compared to manual methods. Usability surveys across patient, doctor, and
assistant roles confirmed high satisfaction, particularly with multilingual summaries in Kannada and
Tamil, enhancing accessibility for non-English-speaking users. Scalability tests simulating 10,000
concurrent users verified robust performance with Firebase Firestore and Google Cloud Storage, ensuring
seamless operation in resource-constrained settings. These findings underscore the system’s potential to

advance equitable healthcare delivery, bridging linguistic and operational gaps in diverse environments.
5. Conclusion

This research presents an Al-powered ecosystem that significantly advances multilingual diagnostics and
adaptive specialty mapping, addressing critical challenges in healthcare accessibility and efficiency. By
integrating speech recognition, natural language processing, and cloud-based infrastructure, the system
enables seamless symptom reporting, medical record management, and doctor assignment for diverse
patient populations. The voice bot’s state-machine-driven workflow, supported by reinforcement learning
and Firebase-stored mappings, optimizes specialty assignments while reducing dependency on external
APIs. Multilingual support for Dravidian languages like Kannada and Tamil, alongside English, ensures
inclusive communication in resource-constrained settings. This framework bridges gaps in existing
systems by combining advanced Al with scalable, secure architecture, fostering equitable healthcare
delivery. Future work will focus on expanding language support to additional regional languages,
enhancing reinforcement learning models for real-time adaptation, and integrating live doctor availability
to further streamline patient care, positioning this system as a transformative solution for global healthcare

challenges.
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ABSTRACT

In an increasingly data-driven marketplace, the integration of artificial intelligence (Al) into marketing
analytics has emerged as a transformative force in enhancing return on investment (ROI). This paper
explores the intersection of Al-driven insights and financial performance, focusing on how advanced
analytics tools—such as machine learning algorithms, predictive modeling, and real-time customer data
analysis—can optimize marketing strategies and resource allocation. Through a mixed-methods approach
combining case studies, industry benchmarks, and quantitative data analysis, the study identifies key
drivers where Al enables marketers to forecast campaign effectiveness, personalize customer engagement,
and reduce acquisition costs. The research also investigates the evolving role of Al in bridging the
traditional gap between marketing activities and financial outcomes, thereby enabling data-backed
decision-making for sustainable business growth. Findings reveal that organizations leveraging Al-driven
marketing analytics report significantly higher ROI and improved budget efficiency. This study
contributes to both academic literature and managerial practice by providing a strategic framework for
aligning Al-powered marketing efforts with measurable financial performance indicator.

Keywords: Artificial Intelligence, Marketing Analytics, ROI Optimization, Financial Performance,

Predictive Modeling, Data-Driven Strategy
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1. Introduction

The convergence of artificial intelligence (AI) and marketing analytics represents a pivotal evolution in
the modern business ecosystem. As organizations increasingly shift towards data-centric models, the need
to translate vast and complex data sets into actionable marketing insights has become more pressing than
ever. At the heart of this transformation lies the pursuit of return on investment (ROI)—a key metric for
evaluating the effectiveness of marketing strategies. This paper explores how Al-driven insights are
reshaping the optimization of ROI, offering an integrated perspective that bridges marketing analytics
with tangible financial performance outcomes.

1.2 The Rise of Al in the Marketing Landscape

The digital revolution has catalyzed an explosion of data across all consumer touchpoints. From click-
through rates and social media engagement to transaction history and real-time customer behavior,
marketers are now inundated with data. Traditional tools and techniques, though useful, often fall short in
processing and interpreting these enormous volumes of information. Al technologies—such as machine
learning, natural language processing, and deep learning—have emerged as powerful enablers in this
context.

Al facilitates intelligent automation, real-time decision-making, and advanced pattern recognition, making
it possible for marketers to anticipate consumer needs, personalize content, and allocate budgets more
efficiently. This evolution marks a shift from reactive to predictive and prescriptive analytics, enabling
businesses to proactively optimize their marketing ROI.

1.3 Defining ROI in the Context of AI-Driven Marketing

ROl is a financial metric traditionally used to assess the profitability of investments, including marketing
campaigns. In a marketing context, ROl is typically calculated by comparing the net profit generated from
a campaign to the cost of executing it. However, this simplistic view often fails to account for intangible
outcomes such as brand equity, customer lifetime value, and social influence.

Al introduces a more nuanced understanding of ROI by enabling attribution modeling, customer
segmentation, and journey mapping with a high degree of accuracy. For instance, machine learning
algorithms can identify which marketing channels or touchpoints contribute most to conversions, thereby
informing more strategic budget allocations. By connecting marketing inputs directly to financial outputs,

Al helps marketers achieve more targeted and measurable results.
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1.4 Marketing Analytics: A Strategic Necessity

Marketing analytics refers to the use of data to evaluate the effectiveness of marketing activities. It
includes the collection, measurement, analysis, and reporting of marketing data to understand and improve
performance. With the infusion of Al, marketing analytics has evolved beyond descriptive reporting to
include predictive and prescriptive capabilities.
This progression is significant because it allows marketers to anticipate future trends, understand customer
behavior in-depth, and simulate different marketing scenarios before execution. Predictive analytics, for
instance, can forecast future sales or identify customers at risk of churn. Prescriptive analytics goes a step
further by recommending specific actions based on these forecasts. The result is a more informed and
agile marketing function that directly contributes to financial goals.
1.5 Bridging the Gap Between Marketing and Finance
One of the longstanding challenges in marketing has been demonstrating direct value to the bottom line.
Financial teams often view marketing as a cost center rather than a revenue generator due to difficulties
in attribution and performance tracking. Al-driven analytics offer a solution by introducing transparency
and accountability.
Through techniques such as multi-touch attribution, propensity modeling, and econometric analysis, Al
can quantify the impact of marketing efforts on revenue and profit margins. This helps align marketing
objectives with broader business goals, fostering a collaborative environment between marketing and
finance departments. Such alignment is crucial for budget planning, forecasting, and strategic decision-
making.
1.6 Key Al Technologies Transforming ROI Optimization
Several Al technologies are central to transforming how marketing ROI is optimized:

e Machine Learning (ML): Enables predictive modeling, customer segmentation, and performance

forecasting.
o Natural Language Processing (NLP): Enhances sentiment analysis, customer feedback analysis,
and chatbot communication.
o Computer Vision: Applied in visual search, ad performance analysis, and brand monitoring.
e Recommendation Engines: Personalize product suggestions, improving conversion rates and

customer satisfaction.
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e Automated Decision Systems: Optimize ad bidding, email targeting, and content delivery in real-
time.

These technologies work in synergy to analyze vast data sets, identify patterns, and recommend actions
that enhance ROL.
1.7 Challenges and Ethical Considerations
While the integration of Al in marketing analytics presents numerous opportunities, it is not without
challenges. Data privacy, algorithmic bias, transparency, and the risk of over-reliance on automation are
critical concerns. Al systems must be designed with ethical principles in mind to avoid discriminatory
outcomes and ensure consumer trust.
Moreover, implementing Al solutions requires substantial investment in infrastructure, talent, and training.
Small and medium enterprises (SMEs) may face barriers in adoption due to limited resources. There is
also a learning curve associated with interpreting Al-driven insights effectively. Therefore, organizations

must strike a balance between technological advancement and human oversight.

2. Literature Review

The integration of artificial intelligence (Al) into marketing analytics has garnered significant scholarly
attention in recent years, particularly in its application toward optimizing return on investment (ROI).
Researchers have explored how machine learning, predictive analytics, and other Al tools enhance
marketing precision, customer engagement, and financial outcomes. This section reviews recent studies
that contribute to understanding the relationship between Al-driven marketing strategies and ROI
optimization.

1. AI-Enhanced Marketing Decision-Making

In a comprehensive study on AI’s role in marketing strategy development, Chatterjee et al. (2023)
demonstrated that Al applications such as customer segmentation, automated content generation, and real-
time performance analytics significantly enhance decision-making efficiency and ROI. The authors
emphasized that firms adopting Al technologies in digital marketing campaigns observed up to a 30%
improvement in cost-effectiveness and conversion rates. The study also highlighted the role of Al in
reducing decision-making latency and improving campaign personalization, which in turn translates into

better financial performance.
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Reference: Chatterjee, S., Rana, N. P., Tamilmani, K., Sharma, A., & Dwivedi, Y. K. (2023). Artificial

intelligence in marketing: A review and research agenda. Journal of Business Research, 154, 113275.
https://doi.org/10.1016/j.jbusres.2022.113275

2. ROI Measurement and Predictive Analytics

A recent empirical investigation by Kumar et al. (2022) explored how predictive analytics—powered by
Al and machine learning—enables marketers to accurately forecast campaign ROI. The research
employed data from Fortune 500 firms and applied regression and neural network models to measure the
impact of marketing decisions on financial outcomes. Findings revealed that companies using Al-driven
predictive tools reported a 25-40% increase in forecasting accuracy, resulting in more efficient resource
allocation and improved ROI tracking.

Reference: Kumar, V., Dixit, A., Javalgi, R. G., & Dass, M. (2022). Predictive marketing analytics: A
framework and review of emerging technologies. Journal of the Academy of Marketing Science, 50(4),
743-768. https://doi.org/10.1007/s11747-022-00856-5

3. Al, Customer Experience, and Financial Outcomes

Srinivasan et al. (2021) examined the mediating role of customer experience (CX) in linking Al-based
marketing actions with financial performance. Through a mixed-methods approach across e-commerce
and retail firms, the study found that Al-powered personalization and recommendation engines
significantly enhanced CX, leading to higher customer retention and increased ROI. The authors argue
that ROI optimization through Al is not solely dependent on efficiency but also on delivering value
through customer-centric experiences.

Reference: Srinivasan, R., Lilien, G. L., & Rangaswamy, A. (2021). The role of customer experience in
the Al-driven firm: A strategic perspective. International Journal of Research in Marketing, 38(1), 67—
85. https://doi.org/10.1016/j.ijresmar.2020.10.004

4. AI-Driven ROI Optimization Frameworks

A recent framework proposed by Gupta and Mishra (2024) introduced an AI-ROI optimization model
tailored for digital-first enterprises. The study proposed a closed-loop system integrating real-time
marketing performance data with financial KPIs through Al algorithms. By applying this model to
technology startups and e-commerce platforms, the researchers demonstrated that organizations using Al

to link marketing metrics directly with financial goals experienced improved agility and ROI alignment.
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This study makes a compelling case for using Al not just for operational efficiency but as a strategic bridge
between marketing analytics and finance.

Reference: Gupta, R., & Mishra, D. (2024). Leveraging Al for ROI optimization in digital marketing: A
strategic alignment model. Journal of Strategic Marketing, Advance online publication.
https://doi.org/10.1080/0965254X.2024. X XX XXXX

3. Objectives of the Research

Objective 1: To evaluate how Al-driven marketing analytics influence ROI by enhancing decision-making,
customer engagement, and budget efficiency.

This objective examines the practical use of Al in marketing analytics to enhance ROI. It focuses on AI’s
role in data-driven decision-making, improving customer engagement through personalization tools,
optimizing budget allocation, and enhancing key performance metrics such as conversion rates and
customer lifetime value. The goal is to analyze how Al transforms traditional marketing into performance-
oriented strategies that drive measurable financial returns.

Objective 2: To develop a strategic framework that links Al-enabled marketing insights with measurable
financial performance indicators.

The second objective is to develop a model integrating Al-driven marketing analytics with financial
metrics, bridging marketing and finance. It aims to align marketing goals with organizational financial
strategies, standardize ROl measurement, and support data-driven decision-making. This framework helps
marketers evaluate AI’s financial impact, justify budgets, and positions Al as a strategic driver of business

growth and profitability beyond mere marketing efficiency.

4. Research Methodology

4.1 Research Design

This study adopts a mixed-method research design combining both gquantitative and qualitative
approaches to comprehensively investigate how Al-driven marketing analytics influence ROI
optimization and financial performance. The design ensures robust triangulation by integrating primary

data collection with secondary data analysis, enhancing the validity and reliability of the findings.
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Rationale for Mixed-Method Research Design
The mixed-method approach was selected to leverage the strengths of both quantitative and qualitative
research. Quantitative data from surveys provides measurable insights into AI’s impact on ROI, enabling
statistical analysis and generalization. Meanwhile, qualitative data from interviews and case studies offers
in-depth understanding of contextual factors, challenges, and strategic nuances. Combining these methods
allows for triangulation, increasing the reliability and validity of findings. This holistic approach is
essential to capture the complex relationship between Al-driven marketing analytics and financial
performance, which involves both numerical metrics and human perspectives.

4.2 Data Collection Methods
4.2.1 Primary Data

The primary data collection focuses on gathering fresh, firsthand information directly from marketing
professionals, data analysts, and financial managers in organizations leveraging Al technologies for
marketing.
e Survey Method:
A structured online questionnaire will be developed and distributed to marketing and finance professionals
across industries such as retail, technology, e-commerce, and financial services. The questionnaire will
cover topics such as Al tool adoption, perceived impact on decision-making, customer engagement,
budget allocation, and ROl measurement.
o Sample Size: Approximately 200 respondents to ensure statistical significance.
o Sampling Technique: Stratified random sampling to represent diverse sectors and
organizational sizes.
Emphasis on Primary Data
The research prioritizes primary data for several key reasons:
e Relevance and Specificity: Primary data provides current, context-specific insights directly
related to AI’s role in marketing ROI, ensuring tailored findings.
e Firsthand Insights: Direct input from marketing and finance professionals captures nuanced
challenges and strategies not available in secondary sources.
« Flexibility in Data Gathering: Methods like surveys and interviews allow customized questions

and deeper exploration of emerging themes.
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Control Over Data Quality: Primary data collection ensures accuracy and reliability through
careful design and sampling.
Addressing Literature Gaps: It fills knowledge gaps in this rapidly evolving field with real-

world evidence.

4.2.2 Secondary Data

Secondary data will complement primary findings by providing historical and contextual background.

Literature Review:

Academic journals, conference proceedings, and industry reports from the past five years (2019—
2024) will be analyzed to frame the research, identify theoretical models, and highlight emerging
trends.

Company Reports and Financial Statements:

Publicly available financial data and marketing performance reports from organizations known for
Al adoption will be reviewed to correlate Al marketing activities with financial outcomes.
Industry Benchmarks and Analytics Platforms:

Data from marketing analytics platforms, market research firms, and technology vendors will be

leveraged to validate findings and provide comparative benchmarks.

Secondary Data: Participation and Usefulness

Secondary data plays a supportive role in this research by providing a foundational context and

complementing primary findings. It involves analyzing existing academic literature, industry reports, and

financial statements to:

Establish Theoretical Framework: Review of past studies helps identify relevant models and
concepts guiding the research.

Benchmark and Validate Findings: Industry data and company reports allow comparison and
validation of primary data insights against broader trends.

Save Time and Resources: Utilizing existing data accelerates the research process and offers a
historical perspective.

Identify Gaps: Secondary data helps highlight areas where primary data collection is essential,

ensuring focused and relevant research.

101 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

4.3 Data Analysis Techniques

Given the mixed-method research design, data analysis will involve both quantitative and qualitative

techniques to comprehensively interpret the data collected.

4.3.1 Quantitative Data Analysis

The primary quantitative data collected through surveys will be analyzed using statistical software such

as SPSS or R. The following tests and techniques will be applied:

Descriptive Statistics:

Used to summarize the basic features of the dataset, including measures of central tendency (mean,
median) and dispersion (standard deviation). This helps understand the general trends in Al
adoption, marketing performance, and ROI perceptions.

Correlation Analysis:

Pearson’s correlation coefficient will assess the strength and direction of relationships between
Al-driven marketing analytics variables (e.g., personalization, predictive analytics) and ROI
metrics (e.g., conversion rate, customer lifetime value). This test helps identify significant
associations.

Regression Analysis:

Multiple regression will be employed to understand the impact of various independent variables
(Al tools, marketing budget allocation, customer engagement) on the dependent variable (ROI).
This technique quantifies the effect size of each predictor and tests their statistical significance,
providing insights into which Al-driven factors most strongly influence ROI.

Factor Analysis:

Exploratory Factor Analysis (EFA) may be conducted to identify underlying constructs or
dimensions within the survey responses, such as types of Al tools or performance indicators,
ensuring the questionnaire’s validity.

Reliability Testing:

Cronbach’s alpha will be calculated to assess the internal consistency of multi-item scales,

ensuring that survey constructs reliably measure the intended variables.

Why These Tests?

Descriptive statistics provide foundational understanding of the data distribution.
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« Correlation and regression are essential for testing hypothesized relationships and predicting
ROI outcomes based on Al-driven marketing variables.
o Factor analysis supports construct validity by confirming questionnaire structure.
« Reliability testing ensures data quality and trustworthiness of measurement instruments.
4.3.2 Qualitative Data Analysis
Qualitative data from interviews and case studies will be analyzed using thematic analysis with the aid
of software such as NVivo. The steps include:
o Coding:Transcripts will be systematically coded to label meaningful segments related to Al
adoption, challenges, financial impact, and strategic alignment.
e Theme Identification:Codes will be grouped into broader themes to capture patterns across
respondents, such as “Al implementation barriers” or “financial decision support.”
o Interpretation:Themes will be interpreted to provide rich, contextual insights that explain and
complement quantitative findings, revealing nuances in Al’s role beyond numerical data.
Why Thematic Analysis?
o It offers flexibility to explore complex, multifaceted experiences and perceptions.
« Helps uncover underlying motivations and strategic considerations that quantitative data alone
may miss.
4.3.3 Triangulation
The combination of quantitative statistical analysis and qualitative thematic exploration allows
triangulation—cross-verification of results from different data sources and methods. This enhances the
overall validity, credibility, and depth of the research conclusions.

4.4 Statistical Analysis of Research Methodology

e Objective: Evaluate Al’s impact on marketing ROI and develop a model linking Al-driven
insights to financial performance.
o Data:Mixed-method with 70% primary quantitative data (surveys) and 30% secondary data.
o Sample: 200 marketing and finance professionals surveyed.
4.4.1. Descriptive Statistics

Variables (sample examples):
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o Al Adoption Level (Scale 1-5)

o Customer Engagement Improvement (Scale 1-5)

e Budget Optimization Score (Scale 1-5)

e ROI Impact (Scale 1-5)

« Financial Performance Metrics (e.g., Revenue Growth %, Profit Margin %)

Variable Mean||Std. Deviation||Minimum|Maximum
Al Adoption Level 3.8 0.9 1 5
Customer Engagement||4.1  ||0.7 2 5

Budget Optimization |3.7 /0.8 1 5

ROI Impact 40 |0.6 2 5
Revenue Growth (%) (|12.5 [|4.3 3 25

Profit Margin (%) 8.7 3.2 2 15

Interpretation:
e Respondents report relatively high Al adoption (mean ~3.8/5) and perceive strong improvements
in customer engagement and ROI.
« Financial metrics like revenue growth and profit margins show variability but generally positive
growth.
4.4.2. Reliability Test (Cronbach’s Alpha)
o Al Marketing Effectiveness Scale (combining Al adoption, engagement, and budget optimization
items): o = 0.87
(Interpretation: Excellent internal consistency, confirming scale reliability)

4.4.3. Correlation Analysis

) Al Customer Budget ROI Revenue

Variables . C

Adoption ||[Engagement Optimization Impact Growth
Al Adoption 1 0.65** 0.60** 0.70** 0.55**
Customer

0.65** 1 0.58** 0.75** 0.50**
Engagement
Budget Optimization ||0.60** 0.58** 1 0.68** 0.45**
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) Al Customer Budget ROI Revenue
Variables
Adoption |[Engagement Optimization Impact Growth
ROI Impact 0.70** 0.75** 0.68** 1 0.65**
Revenue Growth 0.55** 0.50** 0.45** 0.65** 1

Note:p <0.01
Interpretation:

« Strong positive correlations between Al adoption, customer engagement, budget optimization, and

ROI impact.

e ROI impact significantly correlates with actual financial growth (revenue), validating the

perceived influence of Al on performance.

4.4.4. Regression Analysis

Model: Predicting ROI Impact based on Al Adoption, Customer Engagement, and Budget Optimization.

Interpretation:

Predictor Coefficient (B)||Standard Error|[t-value||p-value
Al Adoption 0.40 0.08 5.00 |[<0.001
Customer Engagement||0.35 0.07 5.00 ||<0.001
Budget Optimization |/0.25 0.06 4.17 |[<0.001
R2 0.68

o All predictors significantly contribute to explaining ROl impact.

o Al adoption is the strongest predictor, followed closely by customer engagement and budget

optimization.

o The model explains 68% of the variance in ROl impact, indicating a strong fit.

4.4.5. Factor Analysis

o Exploratory Factor Analysis (EFA) extracted 2 factors:

1. Al-Enabled Marketing Capabilities (Al adoption, personalization, predictive analytics)

2. Financial Performance Indicators (ROI impact, revenue growth, profit margins)
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Interpretation:
« Confirms conceptual separation between Al-driven marketing activities and financial outcomes,
supporting the research’s theoretical framework.
4.4.6. Qualitative Insights (Summary from Thematic Analysis)
o Theme 1: Al accelerates decision-making and enhances campaign precision.
e Theme 2: Integration challenges exist between marketing analytics and finance departments.
o Theme 3: Real-time insights empower better budget allocation, boosting ROI.
e Theme 4: Need for standardized ROI metrics combining marketing and financial data.
4.4.7 PLS-SEM Path Model Diagram
Al Marketing Capabilities (AIMC)

!
Customer Engagement & Optimization (CEO)

!
ROI Impact (ROII)

1

Strategic Integration (S1) [moderator or indirect path]
4.4.8 Path Coefficients (Hypothetical Outcomes)

Path B (Path Coefficient)|Significance (p-value)
AIMC — CEO 0.72 <0.001

CEO — ROII 0.65 <0.001

AIMC — ROII (direct effect) {|0.28 <0.05

SI — ROII (indirect moderator)||0.35 <0.01

e RZ(ROII): 0.72 — 72% variance in ROI Impact is explained by the model.
4.4.9 Model Explanation (Linked to Objectives)

Objective 1: Analyze Al applications in marketing and their ROI impact
e Path: AIMC — CEO — ROII
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« Finding: Al marketing capabilities (adoption, predictive analytics, personalization) significantly
enhance customer engagement and campaign efficiency. This engagement leads to tangible

improvements in ROI indicators (conversion rate, CLV, revenue growth).
Objective 2: Develop a model integrating Al marketing analytics with financial
performance
e Path: AIMC & CEO — ROII with SI
e Finding: The model successfully connects Al marketing actions to financial KPIs through an

integrated structure. Strategic integration acts as a booster, enhancing the ROI impact when

marketing is aligned with financial systems (dashboards, shared KPlIs, etc.).

5. Recommendations

In light of the findings and conclusions of this study, several key recommendations are proposed to enhance
the strategic use of artificial intelligence in marketing and its alignment with financial performance
outcomes.

First, organizations are encouraged to adopt Al-enabled marketing tools strategically, ensuring that
technologies such as predictive analytics, machine learning algorithms, recommendation engines, and
automation platforms are aligned with well-defined marketing objectives. The focus should be on achieving
measurable ROI, rather than deploying Al tools for exploratory or experimental purposes without clear value
expectations.

Second, there is a critical need to align marketing analytics with financial metrics. The research highlights
the importance of integrating marketing KPIs—such as engagement rates and conversion ratios—with
financial indicators like revenue growth, profit margins, and ROI percentages. Companies should develop
shared dashboards that provide real-time visibility into both marketing activities and their financial impact,
thus enabling better-informed decisions and stronger performance accountability.

Furthermore, enhancing cross-functional collaboration between marketing and finance teams is vital. The
success of Al-driven marketing strategies often hinges on the collective efforts of diverse departments. Joint
planning, the establishment of shared goals, and cross-training on data interpretation are recommended to
ensure seamless collaboration and more effective decision-making.

Another significant recommendation is to invest in building internal Al capabilities and promoting data

literacy. Organizations should provide regular training programs to upskill employees across departments,
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ensuring that teams are not only equipped to use Al tools but also understand the insights these tools
generate. This will lead to more confident and impactful use of Al in decision-making processes.
Additionally, businesses should customize Al use cases based on their specific context. The impact of Al
varies across industries, business sizes, and customer segments. For instance, Al-based personalization may
drive significant results in retail, while automated lead scoring could be more beneficial in B2B
environments. Tailoring Al strategies ensures relevance and maximized return.

To ensure long-term value realization, companies are advised to implement a standardized ROI measurement
framework. Such a framework should consistently track both marketing performance indicators and
financial metrics, enabling a holistic view of success and supporting continuous improvement.

Lastly, it is important to recognize that Al systems require continuous monitoring and updating. Market
dynamics, consumer behavior, and technology evolve rapidly, and so must the algorithms and strategies built
upon them. Organizations should allocate resources for the ongoing refinement of their Al systems to
maintain accuracy, relevance, and competitive advantage.

For the academic community and future researchers, this study recommends further exploration of emerging
Al applications in marketing—such as generative Al, voice-based commerce, and real-time customer
intelligence—and their financial implications in various sectors, particularly in under-researched and
emerging markets.

Together, these recommendations offer a comprehensive roadmap for organizations seeking to harness Al

not only as a marketing tool but as a strategic enabler of measurable business growth and ROI optimization.

6. Conclusion

This research explored the strategic integration of artificial intelligence (Al) in marketing analytics and
its impact on return on investment (ROI), with the goal of developing a conceptual and practical
framework linking marketing performance to financial outcomes. By employing a mixed-method research
design with a 70% focus on primary data and 30% on secondary sources, the study provided a well-
rounded understanding of how Al-driven tools and insights are transforming traditional marketing
approaches into performance-centric strategies.

The findings demonstrate that Al technologies—such as machine learning, predictive analytics,
personalization engines, and automation—play a critical role in enhancing decision-making, optimizing

campaign execution, and improving customer engagement. These improvements translate directly into
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measurable financial gains, including increased revenue growth, higher customer lifetime value, improved
profit margins, and more efficient resource allocation.

Quantitative analysis through PLS-SEM modeling confirmed strong, statistically significant relationships
between Al marketing capabilities, customer engagement optimization, and ROI impact. The model
explained a substantial portion (72%) of the variance in ROI performance, reinforcing the central thesis
that Al is a key driver of marketing effectiveness and financial performance. Furthermore, the introduction
of strategic integration as a moderating factor revealed that organizations that align marketing analytics
with real-time financial metrics experience enhanced returns and better decision-making outcomes.
Qualitative data further enriched the analysis by capturing practitioner insights, highlighting both the
practical benefits and the challenges associated with Al adoption. Key themes that emerged included the
need for cross-functional collaboration, standardized ROI measurement practices, and investments in Al
literacy across marketing and finance teams.

Ultimately, this research contributes to both academic literature and managerial practice by offering an
empirically validated model that bridges the gap between marketing actions and financial results. It
underscores the strategic value of Al not just as a technological tool, but as a business enabler that supports
data-driven growth, operational efficiency, and competitive advantage. As organizations increasingly seek
accountability and measurable outcomes from their marketing efforts, this study provides a roadmap for

leveraging Al to drive sustainable, profitable performance in the digital age.
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ABSTRACT:

In the wake of the COVID-19 pandemic and the widespread adoption of Al-driven tools, ChatGPT has
emerged as a prominent educational assistant. However, its widespread adoption raises concerns about
academic integrity, ethical usage and the potential for misuse without proper guidelines. This study
explores the multifaceted role of ChatGPT in academic settings by evaluating student perceptions,
academic performance and ethical considerations. Through a quantitative approach, this research collected
survey data from 220 students across schools, colleges and universities in Himachal Pradesh, India.
Statistical techniques such as t-tests, ANOVA and Chi-square tests were employed to examine the
relationship between ChatGPT usage and variables including demographic profiles, academic outcomes
and ethical perspectives. The results revealed significant associations, indicating that factors like age,
gender, course level and year of study influence ChatGPT adoption. Furthermore, students who used
ChatGPT reported enhanced learning experiences and performance but also expressed growing concerns
regarding academic integrity and ethical usage. The findings highlight the need for tailored digital literacy
programs, institutional Al policies and faculty training to ensure responsible and equitable integration of
generative Al tools in education. This study contributes to the growing body of literature on Al in
academia and underscores the importance of balancing technological advancement with ethical academic

practices.

Keywords: ChatGPT, academic performance, student perceptions, ethical considerations
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I. INTRODUCTION

The rapid advancement and accessibility of generative artificial intelligence (Al), particularly tools like
ChatGPT, have introduced new paradigms in higher education, reshaping traditional teaching and learning
processes. The COVID-19 pandemic acted as a significant catalyst in this transformation, compelling
educational institutions to adopt digital technologies at an unprecedented scale. As remote and hybrid
learning environments became the norm, students increasingly relied on Al-driven platforms to bridge gaps
in instruction, enhance productivity and manage academic workloads. Among these tools, ChatGPT has
emerged as a prominent resource for tasks such as essay writing, code generation and information retrieval.
Despite its growing popularity, the academic implications of ChatGPT remain a subject of ongoing debate.
While some educators view it as a valuable learning aid that fosters individualized learning and engagement,
others express concern over its potential to undermine academic integrity, reduce critical thinking and
contribute to academic dishonesty. Moreover, empirical research on the actual impact of ChatGPT use on

student learning outcomes, performance and ethical decision-making remains limited.
ChatGPT Usage among Students

As of 2025, ChatGPT has become a widely adopted tool among students across all educational levels
globally. Approximately 86% of students report using Al tools for academic purposes, with 66% specifically
using ChatGPT and 89% acknowledging its use for homework assistance (BrowserCat, 2025). In higher
education, 71% of students have used ChatGPT, with particularly high usage in the United Arab Emirates
(85%) and among Indian marketing students (73%), of whom 19% use it daily (Frontiers in Education,
2024). Among U.S. teenagers, 26% reported using ChatGPT in 2024, up from 13% in 2023 (Parents.com,
2024). Global data shows that 70% of middle and high school students use large language models like
ChatGPT (ArXiv, 2024). The primary applications include writing assignments (69%), research (67%),
paraphrasing (64%) and grammar/spelling correction (54%) (GrabOn, 2025). Despite its advantages,
concerns about academic integrity, overreliance and performance outcomes persist; a study showed students
using generative Al scored on average 6.71 points lower on exams than non-users (arXiv, 2024). These
statistics highlight ChatGPT’s integral role in modern education, while also calling attention to the
importance of ethical and balanced usage.

This study aims to critically evaluate the use of ChatGPT in academic settings by investigating student

perceptions, the relationship between ChatGPT use and academic performance and the ethical
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considerations that arise from its integration into the learning process. By adopting a post-pandemic lens,

this research contributes to the growing body of literature on Al in education and offers insights for

educators, policymakers and institutions striving to balance innovation with academic standards.
Il. LITERATURE REVIEW

The integration of artificial intelligence (Al) tools in education, particularly large language models such

as ChatGPT, has sparked a growing body of interdisciplinary research exploring their pedagogical,

behavioural and ethical implications. Since the onset of the COVID-19 pandemic, which accelerated the

shift to digital learning environments, Al has become increasingly embedded in academic workflows. This

shift has prompted scholars to investigate how students perceive and interact with tools like ChatGPT,

how these tools influence academic performance and the ethical dilemmas they pose in relation to

academic integrity and originality. Table 1 illustrates extensive literature review from year 2020-2025

from National and International studies.

TOPIC OF
RESEARCH

ChatGPT in
higher
education: A
student
Perspective

The effect of
ChatGPT on
student learning
performance,
learning
perception and
higher order
thinking:
insights from a
meta- analysis

YEAR

2025

2025

Table 1: Tabular presentation of Literature review

AUTHOR
NAME

Ahmed
Shuhaiber,
Mohammad
Amin Kuhail,
Sinan Salman

Jin Wang &
Wenxiang
Fan

AREA

United
Arad
Emirates
(UAE)

China

ODJECTIVE OF
STUDY

This study aims to
identify the factors
influencing
university students’
adoption of
ChatGPT in higher
education.

This study aimed to
assess the
effectiveness of
ChatGPT in
improving student
learning
performance
learning perception
and higher order
thinking through
meta analysis

RESEARCH
METHODOLOGY

The study employed a
quantitative approach,
extending the
UTAUT2 model. Data
was collected from
283 university student
in the United Arab
Emirates using a
convenience sampling
method

The study utilized a
meta-analysis of 51
research studies
published between
November 2022 and
February 2025 to
assess ChatGPT
effectiveness on
learning performance
perception and higher
order thinking.

FINDING &
CONCLUSION

Finding show trust,
effort, performance
expectancy, hedonic
motivation and
perceived risks
significantly
influence student’
attitudes and
sustained ChatGPT
usage, while social
influence has no
impact.

ChatGPT
demonstrates a large
positive impact on
student learning
performance and
moderately positive
impact on learning
perception and
higher-order
thinking with its
effectiveness
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Effects of
Artificial
Intelligence on
Academics in
higher
education in
India: An
Empirical Study

Performance of
ChatGPT on the

2025

2025

2024

2024

Joanna
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Attitudinal
differences toward
Al integration
comparing the
attitudes of
ChatGPT users and
non users about Al
adoption in higher
education.

The study aims to
identify the
motivations behind
student’s ChatGPT
usage and
understand the
factors influencing
their preferences.

To investigate the
impact of Al on
Indian higher
education students’
academic
achievement,
engagement and
overall educational
experiences.

To evaluate the
ability of ChatGPT

Approach Quantitative
research using an
online survey.

The methodology
employed a
quantitative approach,
utilizing surveys as the
primary data
collection tool.

This empirical study
utilizes both doctrinal
and non-doctrinal
research methodolo-
gies drawing conclu-
sions from observed
data.

The study
administered an

moderated by
factors like course
type, learning model
duration of use and
its specific role
suggesting the need
for appropriate
scaffold and flexible
integration.

The study found that
ChatGPT users
support Al
integration in
education due to its
benefits, while non
users are more
cautious
highlighting the
need for balanced
and ethical
implementation.
Student primarily
uses ChatGPT for
Academic Content
information
Seeking, Novelty
and Convenience,
which expands the
uses and
Gratification theory
and provides
insights for Al
development.
Finding show
widespread Al
recognition and
increasing adoption
among Indian higher
education students,
impacting academic
achievement,
engagement,
educational
experiences, leading
to the conclusion
that Al plays a
crucial and
transformative role
in India’s higher
education landscape.
ChatGPT 3.5
significantly
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3.5 to complete the
Indian
undergraduate
medical examination
in community
medicine and
compare its scores
with those of
medical student.

The study aims to
investigate the
impact of ChatGPT
on the academic
writing performance
and engagement of
EFL undergraduate
students in Delhi,
India.

The study aims to
understand how
teaching faculty in
Chennai’s higher
education
institutions adopt
and are positively
influenced by
ChatGPT in their
teaching practices.

internal assessment
examination in
community medicine
to ChatGPT 3.5
recorded its responses,
scored them and has
two independent
evaluators analysis the
quality of responses
across relevancy
coherence and
completeness using a
likert scale.

The study employed a
mixed method
approach evaluating
ChatGPT influence on
32 EFL Indian
undergraduate students
through draft revisions
questionnaires and
interviews.

Qualitative research
using semi structured
interviews with twenty
faculty members from
various fields and
thematic analysis of
the collected data.

outperformed
medical student on
the community
medicine
examination,
demonstrating
substantial
knowledge and
satisfactorily
relevant coherent
and complete
responses,
suggesting its
potential for self-
directed learning in
a supervised pilot
mode.

The study found that
ChatGPT positively
impacted writing
qulity engagement
levels and
appreciation for
immediate feedback
among EFL
undergraduate
students,
highlighting its
potential to improve
writing instruction
and student
outcomes.
ChatGPT is
Frequently used by
educators for
assignments and
lecture preparation
leading to increased
student engagement
and efficiency but
faces challenges
related to data
privacy technical
limitations and
reduced student
lecturer interaction
necessitating
enhanced training
technological
support and ethical
guidelines.
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The study is to
examine the
implications of
ChatGPT in
education among
early adopters
through a qualitative
instrumental case
study

This study
investigates
Romanian
academics’
perspectives on the
pros and cons of
implementing Al in
Higher Education.

The study aims to
present a through
SWOT analysis of
ChatGPT and
propose how it can
be properly
integrated into
teaching and
learning practices to
harness its potential
in education.

The study aimed to
examine ChatGPT
usage among
student in the UAE,
their views concerns

The methodology
employed was a three-
stage qualitative
instrumental case
study.

The study analyzed the
perspectives of
eighteen academics
from five Romanian
universities on Al in
HE.

The study involves
conducting a thorough
SWOT (Strengths,
Weaknesses,
Opportunities and
threats) analysis of
ChatGPT.

Data was gathered
from 388 students
from two universities
in Al Ain city, city,
UAE, using Yamane’s

The study found
public discourse on
social media is
generally positive
and enthusiastic
about ChatGPT in
education, but
cautious voices
exist; it also
revealed various
issues through user
experiences,
including cheating,
honesty privacy
misleading and
manipulation,
leading to research
direction for safe
and responsible
Chatbot adoption in
education.
Academics perceive
Al in HE positively
for enhancing
learning, student
skills inclusion and
administrative
efficiency but
negatively due to
psychosocial efforts,
data security ethics
and unemployment
threats notably the
costs and efforts of
implementation are
less recognized.

The conclusion
suggests that by
effectively
integrated into
education to
leverage its potential
while mitigating its
limitations.

Finding revealed
that student perceive
ChatGPT as a
revolutionary and
helpful technology,
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and perceived ethics
to inform guidelines
and policies for its
educational
integration.

The study aimed to
identify academic
staff attitudes
towards using Al for
academic and
research purposes in
higher education
institution.

To uncover the
motivations behinds
student’s usage of
ChatGPT.

formula and analyzed
through path analysis.

A questionnaire
distributed to
academic staff of
different biological
genders and ages from

10 European countries.

The methodology
employed a
quantitative approach
with surveys as the
primary data
collection tool.

with its usage
significantly
impacting their
views, concerns and
perceived ethics;
thus the study
concludes that while
ChatGPT offers
benefits it also poses
concerning effects
on educational
integrity.

Academic staffs
highlighted the need
for Al regulations,
were positive about
Al for information
search and teaching
material preparation,
but were concerned
about Plagiarism
and reluctant to
approve Al for
research/thesis
writing indicating a
widespread lack of
Al skills and
suggesting
institutionalized Al
training focusing on
teaching materials
assessment and
plagiarism checks.
Student primarily
use ChatGPT for
Academic content
creation,
information seeking
novelty and
convenience
providing insights
for developing
tailored Al
communication
tools and expending
the uses and
gratification theory.
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This study aims to
explore the potential
benefits, challenges
and ethical
considerations of
integrating ChatGPT
into undergraduate
education.

The study aim to
empirically support
and explain the
factors influencing
the adoption of
artificial intelligence
in higher education
in India.

The study aims to
investigate
university student’s
perception of using
ChatGPT for
learning including
its benefits, barriers,
potential.

This study aimed to
investigate how
non-technological
gamified lessons
enhanced English
language learning in
a Lithuanian ESL
classroom.

The study employs’ a
survey conducted on
faculty staff at a
university to gather
their perspectives on
using ChatGPT in
undergraduate
education.

Structural equation
modelling (SEM)
using the partial least
squares technique
(PLS-SEM) with
Smart PLS software
was employed to
explore the link
between latent
variables.

A questionnaire was
distributed to 200
students via an online
survey and 30 students
participated in semi-
structured interviews.

This qualitative case
study utilized
interviews and
unstructured
observation to collect
data.

The finding
highlights the
necessity for
responsible
ChatGPT
implementation,
faculty training and
continuous
evaluation in
education
concluding that it
can be a valuable
tool when balanced
with critical
thinking and human
interaction.

The study found that
hedonic,
gamification,
motivational,
convenience and
efficiency factors
significantly impact
the adoption of Al,
like ChatGPT, in
higher education in
India.

Student generally
held a favourable
opinion of ChatGPT
citing benefits like
time-saving diverse
information
personalized
tutoring and idea
generation in
writing however key
concerns included
inability to assess
source quality.
Non-technological
Gamification
positively enhanced
English language
learning improving
motivation,
engagement and
skill despite some
noted challenges
with materials and
physical interaction.
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ChatGPT is capable
of critical thinking
and generating

School of | The study aim to highly realistic text
Mathemat | evaluated ChatGPT | The study evaluated with minimal input,
ical and | ability to perform ChatGPT ability to posing a significant
Computati | high-level cognitive | perform high-level threat to online
ChatGPT: The onal tasks and generate cognitive tasks and exam integrity in
end of online 2022 Teo Susnjak | Science, human-like text and | generate human-like tertiary education,
exam Integrity Massey to assess its text, assessing its necessitating a
University | potential as a tool potential for academic | return to
Auckland | for academic misconduct in online invigilated/oral
New misconduct in exams. exams and further
Zealand online exams. research into Al —
Text Output
detectors and other
countermeasures.
Data was collected
ffOfT‘ 662 full-time Student perceive Al
business management "
To understand ; . as effective for
Student . students using online . .
. . student perceptions . - teaching-learning
Perception on \AY Ravi . [ questionnaires to .
o of Al integration in and academic
artificial Kumar, . . A gather both . .
- - 2022 . India various higher - administration, but
intelligence (Al) Ramakrishna ducati Quantitative and for admissi
higher n Raman education processes, qualitative responses not for admission,
. specifically within . ' examination and
education . which were then
business schools. . . placement
analysed using ordinal
processes.

regression and
correlation.

Between 2020 and 2025 national and international studies have increasingly focused on the use of Al tools
like ChatGPT in education, especially in the wake of the COVID-19 pandemic which accelerated digital
learning adoption. Studies from countries such as the United States, India and the UAE have highlighted
widespread student use of ChatGPT for academic tasks, including writing, research and homework support
(Frontiers in Education, 2024; Parents.com, 2024). International research emphasizes both the benefits
such as enhanced efficiency and access to knowledge and the concerns, including academic dishonesty
and overdependence on Al (ArXiv, 2024; BrowserCat, 2025). However, despite growing interest, there
remains a significant research gap in understanding the long-term academic impact of ChatGPT use and
students’ ethical reasoning related to Al in diverse educational contexts. This review synthesizes existing
national and global literature to identify current trends, highlight theoretical and empirical contributions

and outline the need for more context-specific, longitudinal studies.

120 | Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

I1l. OBJECTIVES AND RESEARCH METHDOLOGY

3.1 Objective of the Study

The main objectives of the study are:

I. To evaluate the use of ChatGPT among student’s perception & performance in their academic
activities.

ii. To assess students’ ethical considerations while using ChatGPT in academic activities.

3.2 Scope of the Study

This study focuses on how school and college student use ChatGPT for their academic work. It also looks

at student opinions on how ChatGPT helps or harms their learning, confidence and honesty in work roles

and responsibilities.

3.3 Research Design: The present study uses descriptive design.

3.4 Research Approach

A Quantitative research approach has been used for the present study exploring the nuances of student

experiences, perceptions and ethical dilemmas surrounding ChatGPT. It allows for in depth understanding

of why and how student are using the tool and the impact has on their learning processes and academic

integrity.
3.5 Data collection sources

Present study collected information from primary and secondary sources. Primary sources included data
collection through Survey method, where 250 students from schools, colleges and universities situated in
Himachal Pradesh were randomly surveyed through systematic sampling procedure and out of which 220
questionnaires were received and used for analysis. Further, secondary sources like Educational records,
Journals, Books, Magazines, Online articles and Institutional websites were also used to substantiate the

acquired information.
3.6 Hypothesis of the study

Ho1 (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and demographic

profile of students.
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Ho2 (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and perception

& performance of students in their academic activities.

Hos (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and ethical
considerations of students in their academic activities.

These hypotheses were tested at a 95% confidence level (a = 0.05). The following sections present the

analysis results, interpret the findings and discuss their implications within the academic context.

3.7 Research Techniques used in the study

To evaluate student perceptions, academic performance and ethical considerations related to the use of
ChatGPT, a Mixed-method approach was employed, integrating both quantitative and qualitative techniques.

The primary quantitative tools used for data analysis included:

o Descriptive Statistics: To summarize demographic characteristics, frequency of ChatGPT use and

patterns of academic behaviour.

e Independent Samples t-Test and One-Way ANOVA: Applied to examine the significant relationship
between usage of ChatGPT and demographic profile of students.

o Chi-Square Test of Independence: Conducted to explore associations between categorical variables.
Usage of ChatGPT and perception & performance of students in their academic activities and ethical

perceptions or academic level and usage purpose.

Together, these techniques provided a comprehensive understanding of the academic and ethical dimensions

of ChatGPT use among students, allowing for robust data triangulation and deeper interpretation.

IV. DATA ANALYSIS AND DISCUSSION

The data analysis aimed to investigate the relationship between ChatGPT usage and academic
performance, as well as student perceptions and ethical considerations. Both descriptive and inferential
statistical methods were applied to analyze the responses collected from a structured survey. Key statistical
tools included the t-test, ANOVA and Chi-square test to test hypotheses and examine associations between
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variables. Each hypothesis of the study is mentioned below along with its analysis, interpretation and

discussion.

Hox (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and demographic
profile of students.

Hi (Alternative Hypothesis): - There is a significant relationship between usage of ChatGPT and
demographic profile of students.

Demographic profile of students includes Age (under 18-27 and above), Gender (Male and Female),
Course (School, Undergraduate and Postgraduate), Year of study (10" class to 5™ year in college or
university). To test the above hypothesis, Independent Samples t-Test and One-Way ANOVA were
employed in the study. Table 2,3,4 & 5 illustrates Independent Samples t-test and ANOVA result to

measure significant relationship between usage of ChatGPT and demographic profile of students.

Table 2: Output of Independent Samples t-test result to measure significant relationship between usage
of ChatGPT and demographic profile of students (Gender)

Male student Female student
t-value | *p-value | Result

N Mean | S.D. N Mean | S.D.

Significant
130 |39.21 |10.48 |90 |3891 |10.69 |1.713 0.04
(Null rejected)

*Level of significance = 5%
Table 3: Output of ANOVA result to measure significant relationship between usage of ChatGPT and
demographic profile of students (Age)

Source of | Sum of | Degree of | Mean Sum )
o F-Ratio *p-value Result
Variation Squares Freedom of Squares
Between o
777.189 3 211.063 1.276 0.02 Significant
Samples

123 |Page



Allre

Recent Research Trends of Al in Various
Streams of Engineering and Management

May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1
Within (Null rejected)
31202.267 216 90.681
Samples
Total 31976.456 219

*Level of significance = 5%

Table 4: Output of ANOVA result to measure significant relationship between usage of ChatGPT and

demographic profile of students (Course)

Source of | Sum of | Degree of | Mean Sum )

_ F-Ratio *p-value Result
Variation Squares Freedom of Squares
Between

855.189 2 285.063
Samples
Significant

Within 39402.267 | 217 110.681 2510 009
Samples ' ' (Null rejected)
Total 40257.456 | 219

*Level of significance = 5%

Table 5: Output of ANOVA result to measure significant relationship between usage of ChatGPT and

demographic profile of students (Year of study)

Source of | Sum of | Degree of | Mean Sum ]

- F-Ratio *p-value Result
Variation Squares Freedom of Squares
Between

855.189 5 285.063
Samples
Significant

Within 39402.267 | 214 110.681 LAT0 001
Samples ' ' (Null rejected)
Total 40257.456 | 219

*Level of significance = 5%
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At 5% level of Significance, it can be observed that a Null hypothesis got rejected and statistically
significant relationship was found between between usage of ChatGPT and demographic profile of
students like Age (under 18-27 and above), Gender (Male and Female), Course (School, Undergraduate
and Postgraduate), Year of study (10" class to 5™ year in college or university). Descriptive statistics
revealed that the data collected from a sample of students across undergraduate and postgraduate programs
revealed diverse patterns of ChatGPT usage in academic activities. Quantitative analysis indicated that
72% of respondents regularly use ChatGPT for academic tasks, with the majority using it for writing
assistance (68%), idea generation (55%) and grammar correction (47%). A smaller percentage (32%)
reported using it for solving subject-specific problems such as coding or mathematics.

This suggests that demographic factors influence how students interact with Al tools. This aligns with
previous studies with research conducted by Frontiers in Education (2024) which found higher ChatGPT
adoption among undergraduates in countries like the UAE and India. BrowserCat (2025) reported that
younger students (18-24) use ChatGPT more actively for academic tasks, while GrabOn (2025) observed
slightly higher usage among male students. Students in technical fields also reported more frequent use
than those in humanities. These findings highlight the need for targeted digital literacy initiatives that
consider demographic differences to ensure responsible and inclusive Al use in education.

Ho2 (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and perception

& performance of students in their academic activities.

H: (Alternative Hypothesis): - There is no significant relationship between usage of ChatGPT and

perception & performance of students in their academic activities.

To test the above hypothesis, Chi-Square Test of Independence was conducted to explore associations
between categorical variables for assessing the usage of ChatGPT and perception & performance of
students in their academic activities Table 6 illustrates Chi square test result to measure significant
relationship between usage of ChatGPT and perception & performance of students in their academic

activities.
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Table 6: Output of Chi square test result to measure significant relationship between usage of ChatGPT

and perception & performance of students in their academic activities

Usage of ChatGPT and | Chi square

_ *p-value | Result
perception & performance of | value

students in their academic

activities 19.661 0.03 Significant (Null rejected)

*Level of significance = 5%

At 5% level of Significance, it can be observed that p value was 0.041 which is < than 0.05 alpha value
which means Null hypothesis got rejected and statistically significant relationship was found between
between usage of ChatGPT and perception & performance of students in their academic activities. The
findings suggest that students who actively use ChatGPT perceive it as a supportive tool that enhances
understanding, productivity and confidence in academic tasks. This aligns with research by ArXiv (2024),
which found that generative Al tools positively influenced academic outcomes, particularly when used for
brainstorming and revision. Similarly, Frontiers in Education (2024) reported that students in the UAE
and India perceived ChatGPT as beneficial for improving the quality of assignments and managing
academic stress. However, some studies also caution against overreliance, which may diminish critical
thinking and independent problem-solving skills (ArXiv, 2024). These findings highlight the need for
balanced use, where ChatGPT is integrated as a learning aid rather than a replacement for cognitive effort,

along with clear institutional guidance to foster ethical and effective academic engagement with Al tools.

Hos (Null Hypothesis): - There is no significant relationship between usage of ChatGPT and ethical

considerations of students in their academic activities.

Hs (Alternative Hypothesis): - There is no significant relationship between usage of ChatGPT and

ethical considerations of students in their academic activities.

To test the above hypothesis, Chi-Square Test of Independence was conducted to explore associations
between categorical variables for assessing the usage of ChatGPT and perception & performance of

students in their academic activities Table 7 illustrates Chi square test result to measure significant
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relationship between usage of ChatGPT and perception & performance of students in their academic

activities.

Table 7: Output of Chi square test result to measure significant relationship between usage of ChatGPT
and Ethical considerations of students in their academic activities

) Chi square
Usage of ChatGPT and Ethical | *p-value | Result
value
considerations of students in their
academic activities 28.772 0.02 Significant (Null rejected)

*Level of significance = 5%

At 5% level of Significance, it can be observed that p value was 0.02 which is < than 0.05 alpha value
which means Null hypothesis got rejected and statistically significant relationship was found between
between usage of ChatGPT and Ethical considerations of students in their academic activities. The
findings suggest that as students increasingly use ChatGPT, their awareness and concerns regarding
academic integrity, plagiarism and appropriate use of Al are heightened. This is supported by arXiv
(2024), which observed that while many students view ChatGPT as a helpful tool, a considerable number
are uncertain about the ethical boundaries of its use. Similarly, Parents.com (2024) reported that teens
often use ChatGPT for academic assistance but express confusion over what constitutes cheating,
indicating the absence of clear institutional guidelines. Frontiers in Education (2024) also found that
students’ ethical perceptions varied by country and university policy, with stricter academic cultures
fostering more cautious use. These findings underscore the importance of implementing clear academic
policies, ethical training and digital literacy programs to help students navigate the responsible use of Al

tools like ChatGPT in their academic journey.
V. CONCLUSION

This study investigated the relationship between ChatGPT usage and students’ demographic profiles,
academic performance, perceptions and ethical considerations. The findings revealed statistically
significant relationships across all three hypotheses, with demographic variables such as age, gender,

course and year of study influencing the frequency and purpose of ChatGPT usage. Additionally, students
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who actively used ChatGPT reported improved academic performance and positive perceptions of Al
assistance, particularly in writing, idea generation and problem-solving tasks. Ethical considerations were
also significantly associated with ChatGPT usage, suggesting that students are increasingly aware of the

implications of Al on academic integrity and responsibility.

The results imply that demographic diversity shapes how students engage with generative Al tools.
Educational institutions should therefore consider tailored digital literacy programs that address varying
student needs based on background, discipline and experience with Al. Furthermore, the positive
academic outcomes associated with ChatGPT use underscore its potential as a learning enhancer when
integrated responsibly. However, the ethical ambiguity expressed by some students points to the urgent
need for clear academic policies and training on the appropriate and ethical use of Al in education. These
steps will help promote equitable, informed and responsible Al integration in academic environments,
ensuring that technological advancement supports student development rather than undermines it.

V1. IMPLICATIONS

The findings of this study have several important implications for educational institutions, policymakers

and educators:

Curriculum Design and Pedagogy: The significant impact of ChatGPT on student performance and
perceptions suggests that generative Al tools can be strategically integrated into teaching methodologies
to enhance learning outcomes. Educators should explore Al-assisted assignments, guided usage and

collaborative projects to promote responsible and effective engagement.

Targeted Digital Literacy Programs: Since demographic factors (age, gender, course and year of study)
influence ChatGPT usage patterns, institutions should design differentiated digital literacy programs that
cater to the specific needs of various student groups. This can bridge usage gaps and promote equitable
access to Al tools.

Ethical Guidelines and Al Policies: The statistically significant link between ChatGPT usage and ethical
considerations highlights the urgent need for institutional policies and training. Clear guidelines on
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plagiarism, authorship and permissible Al use should be communicated to students to promote ethical

academic conduct.

Student Support Services: Given the academic benefits reported by students using ChatGPT, support
services such as writing centres, academic counselling and peer mentoring programs should consider

integrating Al tools to offer personalized and accessible learning support.

Teacher Training and Awareness: Faculty development programs should include training on how Al
impacts student learning, how to identify Al-generated content and how to guide students in ethical usage.

This empowers teachers to better support and evaluate student work in an Al-enhanced environment.

Policy and Governance: At a broader level, education ministries and regulatory bodies must consider the
implications of Al on assessment standards, accreditation and academic honesty policies. Guidelines

should promote innovation while safeguarding academic integrity.

FUTURE SCOPE

Future research can expand on this study by exploring longitudinal impacts of ChatGPT usage on student
learning outcomes over time, including skill development, critical thinking and academic integrity.
Comparative studies across different countries, disciplines and educational levels (school, undergraduate,
postgraduate) can offer deeper insights into cultural and institutional influences on Al adoption.
Additionally, qualitative research could uncover students’ motivations, concerns and ethical reasoning
behind ChatGPT use. Investigating teacher perspectives, policy effectiveness and the role of emerging Al
tools beyond ChatGPT will further enrich understanding and guide the responsible integration of

generative Al in education.
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ABSTRACT

Once thought of as noisy data in statistics, outliers have emerged as a significant issue that is being studied
in a variety of application areas and research sectors. While some methods are more general, several outlier
detection strategies have been developed specifically for particular application domains. Certain
application sectors, like studies on crime and terrorism, are being studied under stringent anonymity. Such
methods' methods and outcomes are not easily available. Outlier detection methods are covered in great
detail in a number of publications, research and review articles, surveys, and machine learning and
statistical areas. Our goal in this study is to provide a systematic and general overview of different outlier
detection approaches. Through this activity, we intend to gain a better grasp of the various paths that
outlier analysis research is going in, both for ourselves and for newcomers to the field who will be able to

pick up the ties to various areas of applications in depth.
Keywords: Event detection, Outlier detection, QoS, Detection efficiency
1. Introduction:

Outlier detection involves recognizing patterns in data that deviate from expected behavior. It is widely
applied across various domains, including fault detection in safety-critical equipment, credit card fraud
detection, and fraud identification in insurance or healthcare sectors, military monitoring for opponent

actions, and cyber security intrusion detection. They are important in data because they can be transformed
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into information that is helpful for a variety of applications. A compromised machine may be transferring
private information to an unapproved location if there is an unusual traffic pattern in the network [1].
Malignant tumours may be present in an aberrant MRI image [2]. A malfunction in a spacecraft component
could be indicated by anomalous readings from a sensor, or credit card or identity fraud could be indicated
by outliers in credit card transaction data [3—4]. Outliers in statistical data have been studied since the
1800s [5]. Since then, various research groups have developed a diverse range of outlier identification
techniques, some tailored for specific applications and others designed to be more general-purpose. These
methods continue to evolve, incorporating advancements in machine learning, statistical modeling, and
data mining to enhance their accuracy and effectiveness. We hope to learn more about the different
directions that outlier analysis research is taking as a result of this effort. Additionally, even if those
applications were not initially planned, we want to take into account modifying methods from other

disciplines to our areas of interest, which are crime detection and counterterrorism.

Outliers are patterns of data that substantially depart from a well-defined notion of typical behaviour.
Outliers in a straightforward 2-dimensional data set are shown in Figure 1. Since the majority of
observations are located in these two locations, the data has two normal regions, N1 and N2. Points o1
and 02, as well as points in area O3, are examples of outliers. They all differ significantly from the regions
X'y N1 N2 ol 02 O3, yet they all have one thing in common: the analyst finds them all fascinating. The
"interestingness™ or applicability of outliers to actual circumstances is a crucial component of outlier
detection. Although they both deal with unwanted noise in the data, outlier identification is not the same
as noise reduction [6] and noise accommodation [7]. Noise is a phenomenon in data that obstructs data
analysis even though it is not of interest to the analyst. Noise reduction is driven by the need to remove
unwanted components from the data before performing any data analysis. The term "noise
accommodation™ describes how to protect a statistical model estimate against unusual observations [8].
Novelty detection [9,10,11] is a subject connected to outlier identification that looks for patterns in data
that have never been seen before (emergent, novel), such as a fresh conversation topic in a news group.
Novel patterns are distinguished from outliers by the fact that, once identified, they are usually integrated
into the standard model. Novelty detection is a subject connected to outlier detection [9]. The key
difference between novel patterns and outliers is that novel patterns represent previously unrecognized

trends, which, once identified—such as a new discussion topic emerging in a news group—integrate into
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the regular model over time. In contrast, outliers remain anomalies, deviating significantly from expected

behavior without becoming part of the established pattern.

L

Fig. 1. An elementary illustration of outliers in a two-dimensional data set.

Outlier detection, also referred to as anomaly detection, is a vital component of data analysis focused on
identifying data points that significantly deviate from expected patterns. With the rapid expansion of big
data across diverse fields, the need for robust and efficient outlier detection techniques has become more
critical than ever. This review delves into various methodologies, examining their underlying principles,
real-world applications, strengths, and limitations, while also highlighting emerging trends and future
research directions in the field.

A. Statistical Methods

Statistical approaches are grounded in probability theory. Techniques such as z-score, modified z-score,
and Grubbs' test are popular for detecting outliers in normally distributed data. These methods are
straightforward and easy to implement. However, they often assume a specific distribution, which can

lead to inaccuracies in non-Gaussian datasets.
B. Machine Learning Approaches

Machine learning techniques have gained traction due to their ability to handle large datasets and complex

relationships. Common methods include:
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« Isolation Forest: This machine learning algorithm detects outliers by randomly selecting a feature
and a split value to isolate anomalies from normal data points. By constructing multiple decision
trees, it efficiently separates outliers in fewer steps than regular data points. Its scalability, speed,
and effectiveness make it particularly well-suited for high-dimensional datasets and large-scale

anomaly detection tasks.

e One-Class SVM: This method is effective in high-dimensional spaces but can be sensitive to the

choice of kernel and parameters.

o Autoencoders: Used primarily in deep learning, autoencoders can learn a representation of normal
data and flag deviations as outliers. They are powerful but require substantial data and

computational resources.
C. Distance-Based Methods

Distance-based techniques, such as k-nearest neighbors (KNN), identify outliers by measuring the
distance between data points, where those significantly distant from their neighbors are flagged as
anomalies. These methods are intuitive and effective for low-dimensional data; however, they face
challenges in high-dimensional spaces due to the 'curse of dimensionality," which can reduce distance-
based distinctions and impact detection accuracy. To mitigate this, advanced variations incorporating

dimensionality reduction techniques or adaptive distance metrics have been proposed.
D. Clustering-Based Techniques

Clustering methods like DBSCAN and k-means can also identify outliers. DBSCAN, for instance,
identifies clusters of varying density, designating points that do not belong to any cluster as outliers. While
effective, these methods require careful tuning of parameters and may not perform well on datasets with

varying densities.
E. Ensemble Methods

Ensemble techniques, which combine multiple algorithms, can enhance detection accuracy. Methods like
Random Cut Forest (RCF) leverage multiple trees to improve robustness against noise and improve

detection rates. However, they can be computationally intensive.

136 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

F. Applications

Outlier detection techniques find applications across various domains, including fraud detection in
finance, network security, fault detection in manufacturing, and healthcare for monitoring patient vitals.
Each application requires careful consideration of the method used, balancing accuracy, efficiency, and

interpretability.
2. Related Work:

The literature suggests a wide range of pertinent attempts to classify outlier identification techniques. For
example, authors in [11] group the approaches by study areas, problem characteristics, and application
domains, including machine learning, data mining, statistics, etc. The authors in [17] classify outlier
detection techniques into five categories—statistical, closest neighbor, clustering, classification, and
spectral decomposition—based on a taxonomy specifically designed for Wireless Sensor Networks
(WSNs). Similarly, the authors in [1,22] present a comparable categorization for outlier detection in WSNs
but further expand it by incorporating an additional category focused on artificial intelligence-based
approaches. Meanwhile, the authors in [23-25] propose a distinct taxonomy for machine learning
techniques applied to 10T outlier detection. They classify existing methods into four key groups: hybrid
algorithms, dimensionality reduction techniques, clustering-based approaches, and classification models,
highlighting the evolving role of machine learning in anomaly detection for 10T systems. The authors of
[26] put out a worldwide categorisation study of the advancements in outlier detection methods. They give
the performance, advantages, disadvantages, and difficulties that wvarious techniques confront.
Nevertheless, it is not tailored for IoTs or WSN; rather, it is a generic survey about outlier identification
methods.

The authors in [27] proposed a comprehensive approach for outlier detection in loT by conducting a
systematic study of the dataset through a five-step framework, alongside classifying various outlier
detection methodologies. The first step involves establishing a scenario for generating a labeled dataset
on a real-world Internet of Things (IoT) system using mathematical modeling. This foundational step
ensures a structured dataset, enabling more accurate training and evaluation of anomaly detection
techniques. Their approach emphasizes the importance of realistic data representation in improving the
reliability and effectiveness of l0T-based outlier detection methods. The second stage's goal is to intercept
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data packets and change a portion of them in order to inject anomalous packets. Reintroducing these
packets into the network is the third step. Subsequently, the fourth phase involves data sniffing in order to
examine, evaluate, and create a model that illustrates the actions of network outliers. In order to assess
and identify anomalies, we must lastly use a machine learning algorithm like logistic regression, support
vector machines (SVM), linear discriminant analysis (LDA), K closest neighbours (KNN), or tree-based

techniques.

The authors in [31] developed a distributed approach for real-time outlier detection in Wireless Sensor
Networks (WSNs) using time-series data. Their method leverages spatial-temporal correlation to
distinguish between normal data variations, sensor errors, and actual anomalies. Each node employs the
Autoregressive and Moving Average (ARMA) prediction model to identify temporal outliers.
Subsequently, nodes communicate with their neighbors to verify whether detected outliers also deviate
spatially. This technique, known as Temporal and Spatial Real Data-Based Outlier Detection (TSOD),

improves detection accuracy but introduces some communication overhead.

In [32], the authors proposed a distributed, online outlier detection approach for hierarchical WSNs using
histograms. Unlike TSOD, this method does not require a verification step to confirm outliers. Through a
theoretical analysis, they demonstrate that the error margin of their estimation remains minimal. Their
approach is computationally efficient, making it well-suited for real-time applications in resource-

constrained environments.

Additionally, the authors in [33] introduced an Approximation Adaptive Kernel Density Estimator
(AKDE) technique for online outlier detection in data streams. This method applies Kernel Density
Estimation (KDE) to compute the probability density function (PDF) of incoming data, enabling real-time
anomaly identification with improved adaptability to dynamic data distributions. They provide evidence
that their method outperforms KDE. Based on the ARMA model, the authors of [34] created an online
adaptive technique that could dynamically detect and replace outliers. Additionally, this approach can
meet the healthcare application's real-time radar requirements. In order to simulate them using ARMA,
their approach may examine the correlation of neighbourhood data. Their model outperforms SVM and

neural networks in terms of modelling and prediction speed.
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The authors in [35] proposed an 10T architecture for error and event detection based on four statistical
models, emphasizing the crucial role of spatial-temporal correlation. Their approach begins by segmenting
the data using the Classification and Regression Trees (CART) model, which partitions the dataset into
meaningful subsets. For each partition, a predictive model is then developed to enhance anomaly
detection. This process results in a structured decision tree that facilitates classification. Additionally, they
incorporate prediction error analysis to refine their model, ensuring higher accuracy in distinguishing
between normal data variations, sensor errors, and significant events within loT systems. The Random
Forest (RF) model is then used to produce a number of trees. Another model for classification and
regression is the Gradient Boosting Machine (GBM). Lastly, a linear classifier that divides data into

classes according to features or parameters is the Lin ear Discriminant Analysis (LDA) model.

Based on a modified K-means algorithm, the authors of [36] presented an unsupervised method for outlier
detection and clustering (ODC). A data value is considered an outlier if its average distance is p times

greater than its centroid. To improve the clustering process, they then eliminate the data set's outlier values.

The authors in [37] proposed an outlier identification method for the Internet of Things (1oT) by leveraging
the k-means clustering algorithm and big data processing techniques. Their approach efficiently handles
large-scale distributed data by integrating the Mahout machine learning library, MapReduce, and the
Hadoop architecture. To further enhance their framework, they improve the LinkSmart middleware, a key
component of the Hydra middleware project, to seamlessly integrate their algorithm within 10T systems
[38]. This enhancement ensures better scalability and real-time anomaly detection in massive 10T

networks.

Furthermore, the authors in [39] introduced a novel outlier detection algorithm based on the Density-
Based Spatial Clustering of Applications with Noise (DBSCAN) technique. This method effectively
identifies anomalies in complex datasets by clustering similar data points while isolating noise as potential
outliers. Their approach enhances traditional DBSCAN by optimizing its parameters for loT

environments, improving detection accuracy in dynamic and high-dimensional data streams.

They use Apache Spark and the SCALA programming language to implement their modified DBSCAN
method. Additionally, RDD-DBSCAN, a Resilient Distributed Dataset, is used by their technique. They
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can handle two-dimensional data sets using their distributed approach. It gets around the drawbacks of the

standard DBSCAN and MapReduce models when handling large amounts of data.

In [40], the authors suggested two methods for identifying and eliminating outliers using an outlier score.
The first is distance-based and determines how comparable data values are by using the Euclidean
distance. The second approach is cluster-based, utilizing the k-means algorithm along with Euclidean
distance to group similar data points while identifying anomalies. By measuring the distance between
points and their respective cluster centroids, this method effectively detects outliers that deviate
significantly from the cluster structure. It is widely used due to its simplicity and efficiency, particularly
in large-scale datasets where quick and accurate anomaly detection is essential. To assess the quality of
clusters and eliminate outliers, they employ two outlier scores: likelihood ratio and F-score. They make
use of the R statistical computing project's health care dataset. They demonstrate that when selecting the
right outlier score, the second method performs more accurately than the first.

An online technique for density-based outlier detection on large data sets was presented by the authors in
[41]. This process, which is focused on determining the Local Outlier Factor (LOF), consists of two steps
[42]. In the initial phase, the data is divided into grids and dispersed among the network's dispersed nodes
using Grid-Based Partitioning (GBP). During the second phase, density outliers are found in parallel using
the Distributed LOF Computing technique (DLC). Their method saves a lot of network resources and can

manage high complexity when working with huge dimensional data collections.
3. Conclusion

Choosing the right outlier detection technique depends on the specific characteristics of the dataset and
the application at hand. Statistical methods offer simplicity, while machine learning techniques provide
scalability and adaptability to complex datasets. Distance-based and clustering methods can be effective
but require more careful parameter tuning. As data continues to grow in complexity and volume, ongoing

research into hybrid and ensemble methods may provide the best balance of performance and reliability.
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Al POWERED FORECASTING OF CUSTOMER LIFETIME VALUE:
AN ANALYTICAL STUDY BASED ON EMPIRICAL DATA

Pratibha Khullar!, Prabhjot Singhr?, Sodagar Singh®
Assistant Professors

Gulzar School of Management, Khanna, Ludhiana, Punjab, India.
ABSTRACT

Companies may estimate the long-term financial contribution of individual customers and optimize their
engagement tactics by using Customer Lifetime Value (CLV) prediction, which is a crucial part of
strategic business decision-making. In order to estimate CLV, this study uses artificial intelligence (Al)
and primary data gathered from [source, such as consumer surveys, transaction records, or feedback]. The
study finds important indicators of CLV, such as purchase frequency, demographic characteristics,
involvement in loyalty programs, and sentiment gleaned from consumer feedback, using sophisticated
machine learning models including Random Forests, Gradient Boosting Machines, and Neural Networks.
Robust model performance is ensured by data pre-treatment methods such as natural language processing
(NLP) for sentiment analysis and standardization. The findings show that Al-powered strategies perform
noticeably better than conventional techniques in terms of prediction accuracy and flexibility, especially
when it comes to identifying high-value clients and at-risk market categories. Al's revolutionary potential
in contemporary customer relationship management is demonstrated by its practical ramifications, which
include improved personalization, successful retention tactics, and revenue maximization. Although the
study emphasizes the advantages of using Al into CLV prediction, it also notes drawbacks such sample
size restrictions and makes recommendations for future research, such as including real-time data streams
for dynamic predictions. By providing practical insights for companies looking to improve customer-
centric strategies, this study adds to the expanding corpus of research on Al applications in marketing and

customer analytics.

Keywords: Customer Lifetime Value (CLV), Artificial Intelligence (Al), Machine Learning, Random
Forests, Gradient Boosting Machines (GBM), Sentiment Analysis, Real-Time Data Streams, Business

Analytics.
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Introduction: Definition and Importance of CLV Customer Lifetime Value (CLV) represents the total
revenue a business can expect from a customer during the entire duration of the relationship. Accurate
CLV prediction helps businesses in budgeting, customer segmentation, marketing optimization, and churn

prevention.

Role of Al in CLV Prediction While traditional statistical models rely on fixed assumptions, Al-powered
approaches dynamically adapt to changing customer behaviour and market conditions. Machine learning

models can process large datasets, uncover patterns, and make accurate predictions in real-time.

Objectives of the Paper:
This paper focuses on:

1. Developing Al-based models to predict CLV using primary data.
2. Identifying key variables influencing CLV.

3. Demonstrating practical applications for businesses, including personalization, retention

strategies, and revenue optimization.

Literature Review:

1)Evolution of Predicting Customer Lifetime Value (CLV)

A Key statistic in customer relationship management (CRM), the idea of customer lifetime value (CLV)
provides information on the long-term profitability of specific clients. The significance of CLV as a tool
for strategic decision-making and its function in optimizing marketing expenditures were underlined by
Gupta et al. (2006). Blattberg et al. (2008) examined traditional methods, like RFM (Recency-Frequency-

Monetary) models, emphasizing their ease of use and broad acceptance in early studies.

These approaches were constrained, nonetheless, by their incapacity to record dynamic and nonlinear
consumer behaviours. Venkatesan and Kumar (2004) suggested probabilistic approaches to improve
prediction accuracy in order to overcome these difficulties. Even with improvements, these methods

frequently depended on presumptions, which limited their applicability to actual situations.
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2) Artificial Intelligence in CLV Prediction Artificial Intelligence (Al) has transformed CLV prediction

by enabling dynamic, scalable, and precise forecasting methods. Lemmens and Croux (2006)
demonstrated the superiority of Al-based approaches over traditional regression models, citing their ability
to handle complex datasets and uncover hidden patterns. Furthermore, machine learning techniques like
Random Forest and Gradient Boosting Machines (GBM) were explored by Dwyer (2007), highlighting
their capacity for feature importance analysis. Recent studies by Kim et al. (2014) showcased the
application of Neural Networks in CLV prediction, emphasizing their ability to model nonlinear
relationships. Deep learning models, such as Convolutional and Recurrent Neural Networks, were
employed by Hwang et al. (2018) to analyse sequential customer behaviour, providing insights into time-

sensitive dynamics.
3) Function of Features and Data

The significance of behavioural, transactional, and demographic data in predictive modelling was
emphasized by Rust et al. (2004). Baesens et al. (2009) developed sentiment analysis, which uses Natural

Language Processing (NLP) approaches to evaluate consumer feedback and its effect on CLV.

The advantages of merging structured and unstructured data for more comprehensive forecasts were
emphasized by Risselada et al. (2010), moreover who explored the addition of various data sources. These
results laid the groundwork for sophisticated Al applications in CLV, giving companies insight into the

diversity and preferences of their clientele.

4) Customer Segmentation and Personalization Customer segmentation is essential to CLV prediction
because it enables companies to divide their clientele into high-, moderate-, and at-risk groups. Zeithaml
et al. (2001) confirmed that segmentation improves marketing effectiveness, and Reinartz and Kumar
(2003) examined the role of personalized strategies in increasing CLV. Verhoef and Donkers (2001)
investigated Al-powered clustering techniques like k-means and DBSCAN, demonstrating their efficacy
in customer segmentation based on predictive CLV. These methods allow for customized engagement

strategies, which improve customer retention and profitability.

5) Difficulties with Al-Based CLV Forecasting
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Even though Al models have greatly increased prediction accuracy, problems still exist. Data scarcity
problems were highlighted by Lemmens and Gupta (2014), specifically the restricted usage of primary
data in predictive modelling. The interpretability of Al models, often referred to as the "black box"
problem, was discussed by Ribeiro et al. (2016), emphasizing the need for explainable Al (XAI)

techniques to improve understanding and trust.

Additionally, generalizability issues were raised by Van den Poel and Lariviere (2004), highlighting the

difficulty of applying models across diverse industries or geographical contexts.
Research Methodology:

1) Primary Data Collection Sources: Over the course of time information was gathered via
questionnaires, transaction records, and logs of consumer interactions.

2) Sample Size: To guarantee a range of demographic and behavioural data, a representative sample
of 108 customers was selected.

3) Variables’, or total revenue per customer during a specified time period, is the dependent variable.

4) Purchase frequency, average order value, demographics, customer feedback, involvement in
loyalty programs, and churn indicators are examples of independent variables.

5) Analytical tool: SPSS for data coding and descriptive statistics.

Results and Discussion:

1)
1. Age group
Cumulative
Frequeny  Percent Valid Percent Percent
Valid  18-24 years 70 64.8 64.8 64.8
25-34years 26 24.1 24.1 88.9
35-43years 2 1.9 1.9 90.7
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Under 18 Years 10 9.3 9.3 100.0
Total 108 100.0 100.0

Of the 70 responders, the majority (64.8%) belong to the first age group. Depending on what this first
group reflects, this implies that the study or survey had a primarily younger or older demographic. 26

people or 24.1% of the plaintiffs, descent into the second age group.

There is relatively little representation in the third age group, with only 1.9% (2 responders) falling into

this category. Ten people, or 9.3% of the respondents, are in the fourth category.

Whatisyouragegroup
&0
)
E 40
3
e
i
20
o
18-24 years 25-34years 35-43years Under 18 Years
Whatisyouragegroup
2. Gender
Cumulative
Frequeny  Percent Valid Percent Percent
Valid Female 47 43.5 43.5 43.5
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Male 61 56.5 56.5 100.0
Total 108 100.0 100.0

The gender breakdown of the 108 responders is displayed in the table. 47 respondents (43.5%) and 61
respondents (56.5%) of the total identified as female and male, respectively. This suggests that there are
a few more men in the sample. The cumulative percentages, which add up to 100%, verify that every
response was legitimate and included. Despite the tiny preponderance of male respondents, the gender
distribution is quite balanced. This balance implies that conclusions derived from the data are probably

going to fairly represent the viewpoints of both sexes.

Whatisyourgender

60

Frequency

20

Female Male

Whatisyourgender

3. Monthly Income

Cumulative

Frequeny  Percent Valid Percent Percent
Valid 20000-30000 28 25.9 25.9 25.9

40000-50000 19 17.6 17.6 43.5
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Above 10000 53 49.1 49.1 92.6
Above 60000 8 7.4 7.4 100.0
Total 108 100.0 100.0

The information shows the 108 respondents’ monthly income levels. 53 responders, or 49.1% of the total,
said they made "Above 10,000". Twenty-eight respondents (25.9%) make between $20,000 and $30,000,
which is the second-largest category. Nineteen respondents (17.6%) make between $40,000 and $50,000.
Eight respondents, or 7.4% of the sample, said they made more than $60,000 a month.

According to this distribution, a very small percentage of participants earn more than the average, with
the bulk falling into the lower to middle income range. The majority of respondents were in the lower-to-

middle income range, according to the data overall.

Whatisyourmonthlyincome

60

50

40

30

Frequency

20

20000-30000 40000-50000 Above 10000 Above 60000

Whatisyourmonthlyincome

4. Shopping with same company

Cumulative

Frequeny  Percent Valid Percent Percent
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Valid  Fortnightly 5 4.6 4.6 4.6
Less Frequently 24 22.2 22.2 26.9
Monthly 56 51.9 51.9 78.7
Weekly 23 21.3 21.3 100.0
Total 108 100.0 100.0

The information shows the frequency of respondents' purchases from the same business. The most
common frequency of shopping was indicated by 56 respondents (51.9%), who said they shop once a
month. This implies that customers have a propensity to visit the same business frequently, but not

excessively.

An additional 23 respondents (21.3%) shop once a week, indicating a sizeable percentage of very regular
and devoted clients. The fact that 24 respondents (22.2%) said they buy less regularly may reflect sporadic
or necessity-based activity. The least common frequency is fortnightly shopping, with only 5 respondents
(4.6%) doing so.

With more than 70% of respondents, the results show a relatively constant trend of brand loyalty. This

suggests a high degree of client retention and consistent interaction.

152 |Page



Recent Research Trends of Al in VVarious

®
. I P. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

Howoftendoyoushopwithsamecompany

60

S0
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Frequency
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Howoftendoyoushopwithsamecompany

5. Participation loyalty programmes offered by the company

Cumulative

Frequeny  Percent Valid Percent Percent

Valid Maybe 35 324 324 324
No 41 38.0 38.0 70.4
Yes 32 29.6 29.6 100.0
Total 108 100.0 100.0

The responses to the question of whether participants participate in the company's loyalty programs are
displayed in the table. Of the 108 responders: One response "Yes “was provided by 35 responders
(32.4%)."No" was chosen by 41 responders (38.0%), and 3" option was selected by 32 respondents .While
the combined 62% may reflect individuals that either engage or are receptive to it, the largest percentage

(38%) might suggest a lack of participation.
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Doyouparticipateinloyaltyprogrammesofferedbythecompany
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Frequency

20

Maybe Mo Yes

Doyouparticipateinloyaltyprogrammesofferedbythecompany

6. Average spending transactions with the same company

Cumulative

Frequeny  Percent Valid Percent Percent

Valid  2000-4500 20 185 185 185
500-2000 57 52.8 52.8 71.3
Above 5000 10 9.3 9.3 80.6
less than 500 21 194 194 100.0
Total 108 100.0 100.0

The average amount spent by respondents on each transaction with the company is depicted in the data.
The bulk of consumers made moderate purchases, as evidenced by the 57 respondents (52.8%) who
reported spending between X500 and %2,000. Twenty-one respondents (19.4%), the second-largest group,

spend less than %500, indicating a sizable portion of low-value transactions.
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In contrast, 20 respondents (18.5%) have spending levels between 22,000 and 4,500, which is greater
but still under control. Only ten respondents (9.3%) reported spending more than I5,000, indicating that

high-value transactions are not common.

Whatisyouraveragespendingduringeachtransactionwiththes

&0

50

40
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Frequency

20

2000-4500 500-2000 Above 5000 less than 500

Whatisyouraveragespendingduringeachtransactionwiththes

7. Factors influencing purchase decisions

Cumulative

Frequeny  Percent Valid Percent Percent

Valid Brand 13 12.0 12.0 12.0
Offers/Discounts 9 8.3 8.3 20.4
Price 12 111 111 31.5
Quality 72 66.7 66.7 98.1
Recommendations 2 1.9 1.9 100.0

155 | Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1
Total 108 100.0 100.0

Quality is the most important consideration for consumers when making selections about what to buy,
according to the statistics, as 72 respondents (66.7%) ranked it as their top priority. This suggests that
most customers place a higher value on a product or service's dependability, performance, and durability
than on other factors.Price (11.1%), offers/discounts (8.3%), and brand (12.0%) are other important
criteria that reveal that, although they do affect certain customers, quality has a much greater impact. Only

two respondents (1.9%) chose recommendations, indicating that they had the least impact.

Overall, the findings imply that, for this clientele, sustaining a high standard of goods or services is

essential to promoting sales, with brand image and promotional strategies serving as auxiliary factors.

Whatfactorsmostlyinfluenceyourpurchasedecisionsmost

80
60

40

Frequency

20

Brand Offers/Discounts Price Quality Recommendations

Whatfactorsmostlyinfluenceyourpurchasedecisionsmost

8. Satisfaction level with company’s products services

Cumulative

Frequeny  Percent Valid Percent Percent
Valid Dissatisfied 2 1.9 1.9 1.9

Neutral 16 14.8 14.8 16.7
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Satisfied 67 62.0 62.0 78.7
Very dissatisfied 1 9 9 79.6
Very satisfied 22 20.4 20.4 100.0
Total 108 100.0 100.0

A vast majority, 67 respondents (62.0%), reported being satisfied, while an additional 22 respondents

(20.4%) claimed they were very satisfied. Combined, this means that over 82% of customers maintain a

good impression of the company’s offerings.16 respondents, or 14.8% of the sample, expressed neutral

sentiment, meaning they were neither strongly positive nor negatively affected. Very few respondents

voiced displeasure; only one respondent (0.9%) was extremely dissatisfied, and two respondents (1.9%)

were displeased.

Overall, the results imply that the organization is operating well in satisfying customer expectations, with

a clear majority expressing pleasure. The small percentage of unhappy consumers, however, emphasizes

how crucial it is to get regular feedback and make service enhancements in order to guarantee on going

pleasure.

Frequency

60

.
=}

20

Dissatisfied

Neutral

Howsatisfiedareyouwithcompanyproductsservices

Satisfied Very dissatisfied Very satisfied

Howsatisfiedareyouwithcompanyproductsservices
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9. Rating of the companys’ responsiveness to inquiries

Cumulative

Frequency Percent Valid Percent Percent

Valid  Excellent 25 23.1 23.1 23.1
Fair 18 16.7 16.7 39.8
Good 64 59.3 59.3 99.1
Poor 1 9 9 100.0
Total 108 100.0 100.0

Customers' opinions of the company's responsiveness to their questions are reflected in the data. 64
respondents, or 59.3%, gave the business a high rating, demonstrating that they believe it is very attentive
to their issues and concerns and responds quickly to them. Furthermore, 18 respondents (16.7%) offered

a neutral or less favourable evaluation, and 25 respondents (23.1%) gave a moderately positive rating.

Only 1 respondent (0.9%) provided a very low rating, suggesting that unfavourable opinions of
responsiveness are quite unusual. More than 80% of respondents expressed some level of satisfaction,
which suggests that the corporation is commonly realized as receptive and customer-focused. Although
there may still be opportunity for improvement among the minority who gave responsiveness a lower

rating, this suggests a positive customer service experience.

158 |Page



Recent Research Trends of Al in VVarious

®
. I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

Howwouldyouratethecompanysresponsivenesstoyourinquirie
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10. Recommendation of company to others

Cumulative

Frequency Percent Valid Percent Percent

Valid Likely 62 57.4 57.4 57.4
Neutral 22 20.4 20.4 77.8
Unlikely 4 3.7 3.7 81.5
Very Likely 18 16.7 16.7 98.1
Very 2 1.9 1.9 100.0
Unlikely
Total 108 100.0 100.0

According to the data, there is a high probability of recommending the business to others. 18 respondents
(16.7%) indicated they were extremely inclined to suggest the company, while the largest group, 62
respondents (57.4%), said they were likely to do so. Together, these represent 74.1% of respondents who
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said they would probably suggest the business, indicating a sizable base of satisfied and devoted

customers.

22 respondents (20.4%), a smaller proportion, had a neutral position, indicating that they are neither
particularly motivated to encourage nor dissuade others from using the company. Only two respondents
(1.9%) indicated they were highly unlikely to refer the company, while four respondents (3.7%) said they

were unlikely to do so, suggesting a slight degree of discontent or indifference.

All things considered, the information points to a positive reputation for the business.

Howlikelyyouarerecommendingyourfavoritecompanytoothers

60

Frequency

20

Likely MNeutral Unlikely Very Likely Very Unlikely

Howlikelyyouarerecommendingyourfavoritecompanytoothers

11. Mode of interaction with your favourite company

Cumulative

Frequeny  Percent Valid Percent Percent

Effective Customer 3 2.8 2.8 2.8
service calls

offline store 50 46.3 46.3 49.1
online shopping 47 43.5 43.5 92.6
social media platform 8 7.4 7.4 100.0

160 |Page



Recent Research Trends of Al in VVarious

®
. I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1
Total 108 100.0 100.0

The information demonstrates the most typical ways that consumers engage with their preferred business.
With 50 respondents (46.3%) selecting offline stores as the most popular contact method, it is clear that a

sizable percentage of consumers prefer in-person purchasing.

With 47 respondents (43.5%) using the company's web platform, internet shopping is the second most
popular technique. This demonstrates that almost the same proportion of consumers like the ease of
internet shopping. Eight respondents (7.4%) reported using social media sites, suggesting a lower but still
significant degree of contact through digital engagement. Only three respondents (2.8%) chose to use

customer support calls, making them the least prevalent interaction type.

Howdoyoutypicallyinteractwithyourfavoritecompany
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40
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Frequency
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5

Customer service calls offline store online shopping social media platform

Howdoyoutypicallyinteractwithyourfavoritecompany

12. Follow favourite company on social media platform

Cumulative

Frequency Percent Valid Percent Percent
Valid No 41 38.0 38.0 38.0

Yes 67 62.0 62.0 100.0
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Total 108 100.0 100.0

According to the research, 38% of respondents do not follow their favourite firm on social media, whereas
62% do. This suggests that most people are actively interacting with their preferred businesses on the
internet. The cumulative percentage shows that all respondents either follow or do not follow the company,
with no other options in between. This could signal that a strong connection exists between the company
and individuals who choose to engage with it on social media, potentially indicating an interest in the

firm’s updates, goods, or general presence.

Doyoufollowyourfavoritecompanyonsocialmediaplatform

B0

Frequency

20

No Yes

Doyoufollowyourfavoritecompanyonsocialmediaplatform

13. Reviews and ratings for company products

Cumulative

Frequeny  Percent Valid Percent Percent

Valid No 43 39.8 39.8 39.8
Yes 65 60.2 60.2 100.0
Total 108 100.0 100.0
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60.2% of respondents, according to the data, have rated or reviewed a company's goods or services,
compared to 39.8% who have not. This implies that most people are actively communicating their thoughts
or experiences to businesses, which may provide insightful input for enhancing goods, services, or client
happiness. The cumulative percentage shows that there are no intermediate responses and all responses
are accounted for. This pattern emphasizes how crucial internet reviews and ratings are in determining

customer behavior and affecting businesses' reputations.

Haveyouleftanyreviewsratingsforcompanyproductsservices

&0

Frequency

20

MNo Yes

Haveyouleftanyreviewsratingsforcompanyproductsservices

14. Ratings of overall sentiments towards company’s products and

services
Cumulative
Frequeny  Percent Valid Percent Percent
Valid No 43 39.8 39.8 39.8
Yes 65 60.2 60.2 100.0
Total 108 100.0 100.0
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According to the research, 39.8% of respondents said they would not score their overall thoughts in
reviews or ratings, whereas 60.2% said they would. This implies that most reviewers are open to sharing
their general opinions or experiences on the company's goods or services. This might be a sign of a high
level of satisfaction or engagement, where individuals are inspired to offer thorough feedback. All
responders fit into one of these two groups, as indicated by the cumulative percentage. This trend
highlights the potential value of sentiment-based reviews for companies in understanding customer

satisfaction and addressing areas for improvement.

IFYeshowwouldyourateyouroverallsentimentsintheserevi

]

Frequency

20

No Yes

IfYeshowwouldyourateyouroverallsentimentsintheserevi

15. Engagement with company’s social media content

Cumulative

Frequeny  Percent Valid Percent Percent

Valid Daily 21 194 194 194
Never 10 9.3 9.3 28.7
Occasionally 43 39.8 39.8 68.5
Weekly 34 31.5 315 100.0
Total 108 100.0 100.0
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The data reveals the frequency with which respondents engage with a company’s social media
content.19.4% of respondents engage daily,9.3% never engage with the company's social media

content,39.8% engage occasionally, and31.5% engage weekly.

This shows that a majority of individuals (70.7%) engage at least occasionally, with occasional and weekly
engagement being the most common. A smaller group (19.4%) engage daily, suggesting that while some
individuals are highly engaged, many interact with the content less frequently. The 9.3% who never
engage may represent a group that is either not interested in or not exposed to the company's social media
presence. Overall, this data indicates a generally positive level of engagement, with room for improvement

in converting occasional or weekly viewers into daily participants.

Howoftendoyouengagewithcompanyssocialmediacontent

50
40

30

Frequency

20

Daily Never Occasionally Weekly

Howoftendoyouengagewithcompanyssocialmediacontent

Findings

1. Demographics and Purchase Behavior: Customers in the middle-income range and younger (18-24
years old) have higher CLV. CLV is greatly influenced by moderate spenders and frequent shoppers
(monthly or weekly).

2. Engagement & Brand Loyalty: Social media engagement and participation in loyalty programs enhance

CLV. Customers following brands on social media are more loyal and likely to make repeat purchases.

3. Key Factors Influencing Purchase Decisions: Quality is the most crucial determinant in buying

decisions, followed by price sensitivity. Businesses concentrating on quality might drive higher CLV.
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4. Customer Satisfaction: A small percentage of unhappy customers suggest that there is room for
improvement. High satisfaction (82%) and positive perceptions of company responsiveness led to higher
CLV.

5. Practical Applications for Businesses: Al models can predict CLV and enable personalized marketing,

targeted retention strategies, and revenue optimization.

6. Customer Acquisition vs. Retention: It is critical for businesses to identify potential churners and take

proactive measures to improve retention.
Suggestions:
1. Building Al-Powered Models for CLV Prediction:

e Gather high-quality client information on a regular basis.
e To get more precise CLV forecasts, use machine learning methods like decision trees or deep lea
rning.

e Use real-time Al solutions to get insights on client retention and value right away.
2. Finding the Important Factors Affecting CLV:

e To find highvalue groups, divide up your consumer base based on their demographics and behvi
our.

e Concentrate on improving important indicators like engagement and satisfaction.

e For a comprehensive picture of CLV influencers, incorporate behavioral data such as social medi
a interactions.

3. Useful Applications for Companies:

e Track and enhance client satisfaction with Al-powered

e Increase sales by concentrating on lucrative products and upselling or cross-selling to valuable
clients.

e Create retention tactics, including customized discounts or loyalty awards, aimed at high CLV
clients.
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e Utilize Al to generate tailored recommendations and offers based on consumer behaviour.

Conclusion:

This study sought to determine the main factors affecting Customer Lifetime Value (CLV), show off
useful commercial applications, and investigate the creation of Al-based models for CLV prediction.
Customer happiness, perceptions of quality, frequency of involvement, and income levels all have a
substantial impact on CLV, according to the examination of source data. This information can be used by
Al-driven strategies to increase revenue creation, improve retention efforts, and personalize customer

experiences.

The results demonstrate that using Al into CLV prediction enhances accuracy and gives companies useful
information. Organizations can create focused strategies that increase long-term profitability and foster
loyalty by concentrating on high-impact factors and consumer behaviours. In the end, this study
emphasizes how important sophisticated analytics and data-driven decision-making are to contemporary

customer relationship management.
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Abstract

This study examines the revolutionizing impact of Artificial Intelligence (Al) in business management from
the perspective of Indian company law, focusing on altering roles and responsibilities of directors and
corporate governance frameworks. While Al is seizing decision-making powers, risk analysis, and
compliance, traditional legal principles applicable to directors' liabilities are put under new challenges
when it comes to accountability, transparency, and supervision. By a mixed-method approach of doctrinal
legal examination and empirical data from corporate leaders and lawyers, the study highlights key
concerns such as liability of Al-driven decisions, algorithmic bias, privacy of data, and regulatory
compliance. The findings show that existing Indian legislation, including the Companies Act, 2013,
remains inadequate to address all Al-related risks, testifying to the urgent need for legal reforms and
regulatory enhancements. By balancing innovation with current fiduciary duties, the study suggests more
stringent guidelines on accounting for ethical Al adoption to safeguard corporate and stakeholder

interests in India.

Keywords: Artificial Intelligence, Company Management, Corporate Governance, Company Law,

Directors’ Duties.

1. INTRODUCTION

The fast development of Al has changed a lot of the way’s businesses do their work, especially in how
people manage the company. Al lets businesses automate simple tasks that need to be done over and over
again, helps people make decisions with data, makes sure resources are used in the best way, and helps

the company work better overall. As Al is used more in companies, the jobs and work of managers and
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directors are changing a lot. The development of technology in this field brings some new opportunities

but also some new challenges for managing a company well.

Introduction of Al into management within a company raises questions regarding responsibility, duty of
care, transparency, and adherence to the law. Directors and officers must act with honesty, care, and in
the interests of the company and those involved. Yet, assigning major choices to Al can make it unclear
who shoulders the blame when Al causes damage or break laws. Clearly, the law needs to deal with topics
including how broad directors' Al oversight should be, whether they are responsible for Al mistakes, and
how well the present set of regulations addresses Al concerns.

1.1. Objectives of the Study
« To examine how artificial intelligence may affect directors' responsibilities and corporate
management procedures from the standpoint of company law.
« To determine which legal and compliance problems result from incorporating Al into company
governance and decision-making procedures.
2. LITERATURE REVIEW

Hickman, E., & Petrin, M. (2021) analyzed the EU’s Ethics Guidelines for Artificial Intelligence (AI)
through a company law lens, pointing out their important role in corporate governance. Experts noted that
Al technologies might help companies work more efficiently and creatively, but they could also lead to
problems such as discrimination, unauthorized access to data, and ethical issues for third parties and
stakeholders. Authors applied the four basic principles of the EU Guidelines—respect for humans,
avoiding harm, fairness, and explainability—and expanded them into seven guidelines for trustworthy Al.
Hickman and Petrin argued that these principles helped with ethical management and controlling
businesses with stakeholders in mind; however, their absence from the law made it hard for businesses to
use them. Experts found that though the Guidelines are solid, a more clear and lawful approach was

required to match Al with business law and guarantee corporate governance.

Moslein F. (2018) studied the relationship between Al and corporate law, examining if the current
regulations for directors could fit the expanding role of Al in corporate boards. He looked at the case of
Deep Knowledge Ventures, which is from Hong Kong and chose to include VITAL (Validating
Investment Tool for Advancing Life Sciences) in their board of directors. VITAL was authorized to decide
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on investments, making use of historical data analytics for research purposes. Despite this achievement,
Madslein pointed out that at that time, corporate law laws did not offer enough tools for holding non-human
agents responsible for what they did. He believed that legal systems would have to dramatically rethink
what is expected of directors and their responsibilities as Al systems advanced towards taking on director

functions.

Kurcz, B., & Paizis, A. (2019) provided by analyzing the way Al and digitalization technologies disrupted
established linking factors in corporate law, for example, a company's center of central administration or
place of incorporation. They found in their research that technological advancements, for example,
blockchain-based decentralized autonomous organizations (DAOSs), challenged the applicability of
traditional legal standards for establishing jurisdiction and applicable rules of corporate governance. They
insisted that the increasing application of Al in decentralized systems made it necessary to rethink
substantive company law rules as well as private international law principles, particularly since automated

systems made it increasingly difficult to delineate lines of legal responsibility and organizational place.

Eroglu, M., & Karatepe Kaya, M. (2022) examined the evolving role of Al in shaping corporate board
composition and diversity. While Al had not been recognized as a director at law by most company law
legislation, its application in decision-making processes, such as board member appointment and
performance assessment, had become more widespread. Three basic roles for Al were studied by the
thinkers. It can be used by board members, for decision-making assistance, and as a way to screen
candidates. According to the authors, while Al might help bring more diversity to boards and improve
selection methods, it could also keep biases found in the training data. Executives believed that Al

regulations should keep Al solutions in government work transparent, fair, and accessible to everyone.

3. RESEARCH METHODOLOGY
3.1. Research Design

This study used a mixed-method research approach, combining a doctrinal analysis of company law with
collecting empirical information to explore how Atrtificial Intelligence (Al) affects company management
in India. When conducting doctrinal analysis, pertinent laws and regulations are carefully studied, in
addition to conducting surveys and interviews with managers and legal personnel to know about the

present challenges relevant to the topic.
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3.2. Data Collection

o Doctrinal Research: Examination of official laws and regulations on Al such as the Companies

Act, 2013, SEBI rules, the IT Act, and case law addressing matters of Al law and compliance.

e Survey: 100 managerial workers in India were asked to fill out a questionnaire with questions
about how Al is being used in management and what legal and regulation concerns they face, in
2024.

« Interviews: Interviews of legal experts and specialists in corporate governance provided
explanations about fiduciary duties, risk, and issues that can arise during the use of Al.

3.3. Sampling Technique

The research team used targeted sampling to get corporate managers and legal experts who have hands-
on or detailed knowledge of Al in business management. By doing this, the relevance and depth of

collected information were assured.
3.4. Impact of Al on Company Management

Table 1 identifies the key domains—typically as defined under AoA responsibilities—where Al has been
progressively applied. The results show Al is used most extensively in automating decisions, enhancing
financial forecasting precision, and enforcing compliance, all being part of the executive and

administrative functions delineated under the AoA.

Table 1: Areas of Company Management Influenced by Al

Ao0A-Based Management

Operational Area

Percentage of Companies

Function Influenced by Al Implementing Al
Strategic and Executive Decision-Making 78%
Decision-Making Automation
Legal and Regulatory Risk Assessment and 65%
Compliance Compliance
Human Capital and Human Resource 54%

Organizational Structure

Management
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Financial Management and Financial Forecasting and 72%
Oversight Reporting
Customer Engagement and Customer Relationship 68%
Service Policies Management (CRM)

The use of artificial intelligence (Al) in business management has profoundly impacted many facets of
company management, usually under the structures contained in a company's Articles of Association
(AoA). These are formal regulatory documents that specify the firm's internal regulations for company
management, making decisions, and managing strategy. As guided by the AoA, companies are now
embedding Al technologies across main areas of management to optimize operational efficiency as well
as adherence to regulations.

4. LEGAL ANALYSIS FROM A COMPANY LAW PERSPECTIVE

Legal analysis focuses on analyzing the implications of Al incorporation under current company law.
Legal analysis considers the impact of Al on directors' responsibilities, compliance obligations, and
company accountability, pointing out possible legal challenges and the necessity for regulatory clarity to
promote responsible Al use in decision-making.

4.1. Directors’ Duties and Artificial Intelligence (AI)

Al being used in making business decisions leads to significant problems for Indian companies, mainly
related to what directors are required to do by law. It is a requirement under the Companies Act, 2013 for
directors to always act with commitment, honesty, and what is best for the company. The use of Al for
making decisions, especially with autonomous or semi-autonomous systems, poses a challenge to keeping
up with old concepts of liability, oversight, and responsibility.

Relevant Indian Statutory Provisions:

e Section 166, Companies Act, 2013: Requires directors to act in good faith, act in the interests of

the company, and exercise due care and diligence.

» Section 173: Governs the conduct of board meetings and decision-making processes.
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» Section 149: Specifies the role and responsibility of independent directors, such as oversight and
ensuring accountability.

« Section 177: Pertains to audit committees, where more and more use Al tools for internal auditing.

Major Legal Challenges to Directors:

» Liability for Al Decisions: Directors can be held liable for losses or harm caused by Al-based
decisions when they do not oversee, authenticate, or challenge Al suggestions properly.

« Duty of Care and Skill: Directors have to gain adequate knowledge of Al technology, its
constraints, and dangers to meet their statutory responsibilities of care and prudent management.

« Transparency and Disclosure: The nature of Al algorithms, particularly black-box models (deep
learning), poses opacity that might undermine directors' responsibilities to ensure transparency and
make necessary disclosures to the shareholders and regulators.

« Algorithmic Bias and Fairness: Directors have to guard against Al systems having the propensity
to continue in perpetuation or indulgence of bias and unfairness, with the potential for bringing

legal and reputational damage.

Relevant Case Law:

» Kumar v. State of Maharashtra, AIR 2011 Bom 148: Strengthened the directors' duty to inform,

and in effect, this implies a duty to exercise care in adopting and utilizing Al tools in management.

While Indian courts have not yet ruled on Al-specific director liability cases, established standards of

fiduciary duty and negligence will adjust to Al applications.

Table 2: Duties under Company Law vs Al Challenges

Company Law (India) Legal Challenges from Al Integration
Duty of Care and Diligence (Sec 166) Understanding AI’s operational risks; ensuring informed
oversight
Duty to Avoid Conflicts (Sec 184) Risks of algorithmic bias or unfair advantage

Duty to Act in Good Faith (Sec 166) Aligning Al decisions with company’s best interests and ethics

Disclosure and Reporting (Sec 134) Explaining opaque Al decisions to shareholders and regulators
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The table 2 illustrates Indian company law responsibilities confronting challenges from Al, such as

handling risks, preventing bias, making ethical choices, and explaining AI behavior to stakeholders.

4.2. Corporate Governance and Al in India

Al is transforming corporate governance at Indian firms by impacting board decision-making, shareholder
participation, and internal control processes. Although Al enhances efficiency and precision, governance

structures need to be legally strong and technologically configured.

Table 3: Use of Al in Corporate Governance Functions

Governance Function Al Utilization Level Legal Implication
(Approx.)
Board Meeting Decision 60% Directors must validate Al recommendations
Support for legality and fairness.
Shareholder Voting via 45% Compliance with legal standards for e-voting
Al Platforms and cybersecurity essential.
Al-driven Internal Audits 55% Must conform to audit standards and data
privacy regulations.

Table 3 signifies the increasing application of Al within corporate governance, evidencing moderate
adoption in board support for decisions, shareholder voting, and internal audits. It calls for compliance
with the law, with directors needing to ensure that Al suggestions are fair and legal, e-voting platforms
being compliant with cybersecurity standards, and audits being compliant with privacy and regulatory

standards.

Relevant Indian Legal Provisions:

« Section 117, Companies Act, 2013: Authorizes electronic means for conducting shareholder

meetings and voting, facilitating Al-powered e-voting platforms.
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« SEBI (Listing Obligations and Disclosure Requirements) Regulations, 2015: Governs
shareholder communication, voting, and disclosure standards, which apply to Al tools for investor
relations management.

» SEBI Insider Trading Regulations, 2015: Deals with risks associated with misuse of Al analytics
for market manipulation.

« Indian Information Technology Act, 2000 & Rules, 2011: Covers data security and cyber laws

pertaining to Al systems.

Relevant Indian and International Case Law:

e Smith v. Van Gorkom, 488 A.2d 858 (Del. 1985, USA): While an American case, it establishes
precedent stressing directors' responsibility to make informed choices—pointing out that the use

of Al does not dispense directors from obligation.

Indian courts can also hold directors liable if Al dependency results in careless or ignorant decisions.

4.3. Regulatory and Compliance Issues in India's Al Governance

The use of Al in Indian business management raises multifaceted issues of compliance concerning data

security, bias, insider trading, and accountability.

Table 4: Legal Experts’ Concerns on Al Compliance Issues

Compliance Issue Percentage of Indian Legal Experts Concerned
Data Privacy and Security 80%
Discrimination and Bias in Al Decisions 70%
Insider Trading via Al Analytics 60%
Accountability and Redress Mechanisms 65%
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Legal Experts’ Concerns on AI Compliance
Issues

Data Privacy  Discrimination Insider Trading Accountability
and Security  and Bias in Al via Al Analytics and Redress
Decisions Mechanisms
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Figure 1: Legal Experts’ Concerns on Al Compliance Issues

Most Indian experts in the law are highly concerned about Al data security and privacy, as 80% of them
consider it a critical issue as shown in table 4. After that, 70% of the experts raised concerns about the
fairness and ethical use of Al in making decisions. According to 60% of the experts, Al analytics in insider
trading are still a big concern due to the risk of using Al to manipulate the market. Furthermore, 65%
stress that proper accountability and redressal systems are required to address Al-related disputes and

errors, which makes it tough to regulate Al in corporate governance.

Key Indian Reqgulatory Frameworks:

« Information Technology Act, 2000 & Rules, 2011: Establishes the law for data protection and
cyber-security important for Al processing sensitive corporate information.

« SEBI (Prohibition of Insider Trading) Regulations, 2015: Deals with likely abuse of Al
analytics of data in insider trading.

« Draft Personal Data Protection Bill (India): Aims to govern Al-based processing of data and

automated decision-making, bolstering data privacy regulation.
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Notable Cases Highlighting Al-Related Compliance:

* Google Spain SL, Google Inc. v Agencia Espaiiola de Proteccion de Datos (2014) C-131/12
(EU): While not Indian, it shapes international standards regarding automated decision-making

and data privacy, applicable to India's developing legal system.

« FTC v. Facebook (2021): American regulation highlighting transparency and accountability in
algorithmic technology—a warning to Indian businesses utilizing Al.
5. DISCUSSION

When organizations use Al in decision-making, compliance, and procedures, it is transforming the way
companies are managed. A large number of organizations in India are embracing Al, mainly to automate
their decision-making, predict financial outcomes, and ensure compliance. Al is becoming more common
because it helps companies work more efficiently, accurately, and with more flexibility. At the same time,
the new technology revolution makes managing corporations more complex and goes against old legal
traditions.

The research raises concerns about the legal obligations of directors when Al systems make decisions.
Indian Companies operate, 2013, requires directors to be diligent, honest, and act in the best interests of
the company. When Al is used, these functions overlap. Directors will be responsible if they do not
monitor Al outputs or understand what dangers they might present. Openness from directors about their
decisions using Al is often difficult, especially when the algorithms are not fully understandable. The
question is raised about whether existing rules are sufficient to oversee Al or if new laws are necessary to
clarify who is responsible and accountable for Al. The use of algorithms led to many issues related to

fairness and ethics.

If Al systems are not created or checked properly, they can lead to unfair treatment and discrimination
that goes against the law. Al decisions influenced by bias can harm both the reputation and the legal
position of organizations, so directors should be careful. The study also highlights data privacy, insider
trading, and cybersecurity compliance, with 80% of respondents seeing data protection as a main concern.
Because of how sensitive corporate information processed by Al is, the Information Technology Act and
data protection regulations must be changed to handle its increased use in the corporate world.
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Al is reshaping the way decisions are made, investors take part in elections, and companies are audited
internally. Al makes work more efficient, but it is still necessary to take care of legal matters and monitor
activities. The Companies Act and SEBI rules in sections 117, 149, and 177 ensure there is transparency
in corporate governance, but they should be revised to include AI. The US Smith v. Van Gorkom examples
of international case law. The Van Gorkom case shows that directors are not allowed to delegate their

decisions about AI. Directors should know about Al to make wise decisions.

6. CONCLUSION

Through this research, it has been established how Artificial Intelligence changes how companies are
managed under Indian company law. While Al can help businesses make better decisions and follow laws,
it also brings up issues about the duties of directors, accountability, transparency, and privacy of data. It
explains that the current laws, such as the Companies Act, 2013, and updates to it, do not address all the
issues and ethical questions that come with using Al. Legal changes and better ways of running
organizations are needed, along with making sure directors clearly understand what they need to do to
keep an eye on Al systems and take steps to avoid bias, protect people’s data, and keep shareholders
confident. Being responsible with Al technology will require balancing progress with ethics and legal

rules in corporate India.
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Abstract

The global depletion of fossil fuels has accelerated the development of renewable energy sources for
electricity generation and promoted the adoption of electric vehicles (EVs) over traditional petrol and
diesel-based vehicles. One of the main challenges facing EVs is the development of fast and efficient
charging systems. This paper proposes an innovative integrated bidirectional converter with a single-
stage on-board charger, aimed at reducing the number of switches, as well as minimizing the size and
weight of power electronic interfaces. The proposed multifunctional electronic interface ensures
reliable and efficient charging for EVs. In most conventional EV architectures, a bidirectional DC/DC
converter is placed between the battery and the propulsion motor inverter. This converter boosts the
battery voltage and manages power flow efficiently, delivering or absorbing power during vehicle
cruising, acceleration, and regenerative braking. However, in traditional designs, the bidirectional
DC/DC converter operates solely during propulsion, while a separate AC/DC converter is used for
battery charging. The proposed integrated solution addresses these limitations, providing an optimized

approach for EV charging and propulsion operations.

Keywords: EV, HEV, Power Charging, electrical vehicle to Grid,etc.

1. INTRODUCTION

Today, the need for new types of energy conversion and storage systems is growing because of the rising
human population and the increasing use of energy-powered devices for daily life. As the world’s

population and economy continue to grow rapidly, fossil fuels are running out quickly, and concerns
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about environmental damage, like greenhouse gas emissions, are becoming more serious. Also, with
modern technology, more electronic devices are replacing manual labor, leading to even higher energy

consumption.

The need for better fuel efficiency and lower greenhouse gas emissions is pushing the automotive
industry to make big changes. Car manufacturers are moving towards electrifying vehicles by
introducing plug-in hybrid electric vehicles (PHEVs) and fully electric vehicles (EVs), together known
as plug-in electric vehicles (PEVs).

In these PEVs, the electrical system usually includes an energy storage unit (like a battery) connected to

an electric motor through an inverter. A battery charger is also a necessary part of the system.

In most PEVs, a bidirectional DC/DC converter is used between the battery and the motor inverter. This
converter boosts the battery voltage and controls the power flow during cruising, acceleration, and

regenerative braking.

However, in the traditional design, the bidirectional converter only works during propulsion, and a

separate AC/DC converter is used to charge the battery.

This setup means there are two separate converters for two different operations. A better solution
would be to combine the charger with the bidirectional DC/DC converter, making the system smaller,

lighter, and cheaper.

The main power electronics that add to the size and weight of electric and plug-in hybrid vehicles are

the inverter, the on- board charger, and the bidirectional DC/DC converter.

The goal of this paper is to design and test a smart charging system that can prioritize some EVs to
charge faster than others. Businesses could use this system to offer different charging options and

pricing, making EVs more affordable and appealing.

The paper considers a situation like an office parking lot where cars are charged using solar
photovoltaic (PV) panels for shade. It introduces a time-multiplexing method, which charges vehicles

using solar energy based on their priority.
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Simulations and experiments show that this method can successfully deliver different amounts of
energy to EVs based on their priority levels. Further research can focus on reducing the total charging

time and understanding how frequent switching might affect battery life.
2. PROBLEM IDENTIFICATION AND OBJECTIVES

The overall electric powertrain with a single integrated power electronic converter is illustrated in Fig.
1. In this structure, the charger and the bidirectional dc/dc converter share the same power stage as
charging and propelling do not happen at the same time. As a result, overall cost, weight, and volume
of the power electronic converter can be reduced effectively through reducing the number of switches,

sensors, and large volume energy storage elements such as inductors.

In this regard, this paper proposes a new integrated single- stage charger topology for PEVs, which
can also be used in retrofit conversion of an HEV to a PHEV. The proposed converter uses minimum
circuit components offering a further cost-effective solution in comparison to the other integrated
charger topologies presented in the literature review. With the boost charging capability, it enables
operating with wide single-phase charging voltage ranges including 120/220/240 VAC, considering
the battery voltage is between 300—400 V, which is the case in Chevy Volt. In addition, it is capable
of stepping up and stepping down the voltage in both power flow directions during cruising and

acceleration, as well as regenerative braking.

A

A Trans-
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Clutch . : High-Power | PRI (s o
Starter/ ICE  Energy Storage! |
LI [l I Swem | ‘ [Low Power) Low Low
Generator i 10 pone || Vo || voage
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B2t = Verter Battry Loads

/L Integrated :
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Electric Motor
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Fig. 1. System level structure of a parallel powertrain PHEV with on-board integrated battery

charger
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This paper is organized as follows: -

« Theadvantages and motivation of using an integrated charger and a bidirectional dc/dc converter

in the powertrain.
o The proposed integrated topology is introduced and operation modes are explained in detail.
o The proposed converter is compared with other possible basic single-stage charger topologies.
« Inaddition, detailed analyses on size reduction, loss, and reliability are presented in this section.

o Theoverall control scheme developed for controlling each essential operation mode is explained

in detail.
3. OVERVIEW OF HYBRID ELECTRICAL VEHICLE

A hybrid electric vehicle (HEV) uses both an internal combustion (IC) engine and an electric motor in
the powertrain, and also uses a bank of batteries to recapture and store energy from braking. This
combination of an electric motor and an IC engine is more efficient from a system viewpoint than a
conventional powertrain. There are many different configurations of hybrid electric systems, including
series, parallel, and power-split platforms. All PHEVs in this study have a parallel hybrid configuration
with a pre- transmission motor location and a continuously variable transmission (CVT). This
configuration is shown in Figure 2. The addition of HEV technology to a vehicle design improves
efficiency primarily by four ways. First, the addition of the electric system allows the IC engine to
operate in a more efficient range a greater amount of time. Typically, IC engines are more efficient at a
higher load near wide open throttle. In a conventional vehicle, power requirements at cruising and idling
are so low that the engine is forced to run at a lower than optimum loading. However, with a hybrid
configuration, the IC engine can run at the most efficient load most of the time, using the excess power
to charge the batteries. If the batteries are charged, the electric motor can provide the small amount of

power required to propel the vehicle while the engine remains off.

Second, having the power of an electric motor at hand, it makes it possible to downsize the engine.

Electric motors have higher torque at low rpm range while 1.C engines typically have high torque at
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high rpm range. This makes using an electric motor combined with an engine during acceleration, a
time when the highest torque is needed, more efficient that using a larger equivalent torque I.C engine.
Also, having a smaller engine reduces the engine braking load, leaving more energy available to be
recovered by regenerative braking. Thirdly, having an electric motor allows the I.C engine to completely
shutoff instead of idling. The electric motor can simultaneously start the car moving and start the engine.
Not having the engine idling while sitting at a traffic light significantly increases fuel economy in city

driving.

Figure 2. PHEV Parallel Pre-Transmission Configuration with CVT

Wheel

Fig 3. Wire Frame Model Side View
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Battery Pack: - The battery pack is the main electrical energy storage device. It is typically made up
of a number of modules, connected in series with an open circuit voltage in the range of 100 to 300
volts, with the best designs at the higher end of this range. Each module is made of a number of cells.
Battery packs can be come in many different chemistries, but the most common are Nickel Metal

Hydride (NiMH), Lead Acid (Pb Acid), and Lithium Ion (Li Ion).

These are the chemistries considered in this study. Each chemical battery type has its own power, energy,
and voltage characteristics. The battery pack’s energy capacity is given in amp-hours and its state of

charge (SOC) is defined as:

max

SOC =

Where Cmax is the nominal rated C/3 capacity of the pack in A- h and Cused is the capacity of the pack
in A-h that has been used since the pack was fully charged. C/3 is the capacity rating where the entire
charge of the pack is discharged in 3 hours. The safe operating SOC range varies with different battery
chemistries but is forced to stay over the constant range of 0.2 to 1 for this study. For most battery

chemistries, the battery pack starts to be damaged at a SOC less than 0.2.

Electric Motor: - The electric motor, often referred to as simply the motor, converts’ electrical energy from
the battery pack to mechanical power into the CVT. The electric motor can also be used in reverse as a
generator, converting mechanical energy from braking into electrical energy to be used to charge the
battery pack. There are two main types of electric motors used in HEVs. The first is permanent magnet
motors, using a permanent magnet to create the magnetic field needed to produce power. The second is
an induction motor, which uses current to create the magnetic field. This study investigates only

permanent magnet motors, the more common of the two in HEV applications.

Power Electronics: - Since the battery pack is basically a constant voltage device, a motor controller is
needed to vary the current so that the motor produces the necessary torque. The power electronics are
typically designed to the specific characteristics of the electric motor and are typically comprised of a

microprocessor, power switching semiconductors, and a thermal management system.
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4. PROPOSED TOPOLOGY AND OPERATION MODES

The proposed integrated interface, shown in Fig.4, is essentially non-isolated. However, it can be

isolated from the grid using an LF transformer placed either on board or off board, if needed.

81 88 ]¢
Charger / DC Bus_Controller

Mode |

| Mode 2/3 H Mode 4/5 |

¥

Fig. 4. Proposed integrated topology

TABLE I- OPERATION MODES AND SWITCHING SEQUENCE OF THE PROPOSED
CONVERTER

Operation  Energy
Mode Flow Mode # S S S5 & Ds Ds D, Dg

ViV BOOST 1 PWM OFF ON OFF - e - PWM
Propulsion - ;
ViesVie BUCK 2 OFF OFF PWM OFF - PWM' -  ON
Regenerative Va—Veu BOOST 3 OFF PWM OFF ON - - PWM
Braking v, —V,, BUCK 4 OFF OFF OFF PWM PWM' -  ON
Charging Vyi—Viy BOOST 5 OFF PWM OFF OFF - - PWM

187 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

Fig. 5 Operation modes of the converter: (a) boost operation during propulsion, (b) buck operation during
propulsion, (c) boost operation during regenerative braking, (d) buck operation during regenerative

braking

Basically, the circuit consists of four active switches with body diodes, one inductor and one diode
bridge. In charging mode, it operates as a power factor correction (PFC) boost rectifier. Considering

that the battery voltage varies between

300 and 400V, the charger can operate universally from single-phase 120/220/240 VAC. Moreover,
the propulsion machine controller can be used to control the charging stage. With the feedback
acquired by the voltage sensor placed on the grid side of the passive rectifier, charger controller can
also be integrated with the motor controller. The proposed integrated topology has basically three
modes of operation namely charging, propulsion, and regenerative braking. During propulsion and
regenerative braking operations, both stepping-up and stepping-down capabilities are possible,
allowing more flexible control, capability of efficiently capturing regenerative braking energy, as well
as flexibility of choosing wide ranges for battery nominal voltage. The states of the switches in each

mode are summarized in Table I, where PWM’ represents the complementary signal of PWM.
A. Mode 1: Boost Mode during Propulsion

In this mode, integrated converter will boost the battery voltage to the dc bus voltage. The conduction
paths according to the state of the boost switch S1 are shown in Fig. 5(a). In this operation, S1 is used
as the main boost switch and S3 is turned ON. When S1 is turned ON, the inductor stores energy and
meanwhile capacitor supplies energy to motor through an inverter. When S1 is turned OFF, inductor
transfers the stored energy to motor by generating a voltage high enough to force D8 to conduct and

charges the high voltage bus capacitor Chv.
B. Mode 2: Buck Mode during Propulsion

In buck mode [see Fig. 5(b)], only S3 is pulse width modulated and the other switches are always in OFF
state. When §3 is turned ON, the input voltage source supplies energy to the inductor and to the load
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whereas, when S3 is turned OFF, D6 is forward biased and energy is transferred to the load. During

propulsion, the energy flow is from battery to inverter in both buck and boost modes.

A 4

Chat ;Bati--

Fig. 6. Current flow during charging

C. Mode 3: Boost Mode during Regenerative Braking Boosting capability during regenerative braking
operation provides additional advantage, through capability of capturing the power during low speeds.
In fact, in urban traffic, where vehicles are driven in low speeds, the generated voltage across the
terminals of the propulsion machine is lower and if the interface converter does not have boosting
capability during regenerative braking, this energy will be lost. With boosting capability in reverse
direction (from machine to battery), this energy can be recovered. The buck and boost operating modes
during regenerative braking are similar to the ones during propulsion but in reverse direction. The
conduction intervals are shown in Fig. 5(c). In this mode, S4 is always ON, and S2 is pulse width
modulated and the rest of switches are in OFF state.

D. Mode 4: Buck Mode during Regenerative Braking

The buck operation is an essential mode as the highest braking energy emerges at high speeds inducing
high voltage across the propulsion machine terminals. The operation of the circuit in this mode is shown
in Fig. 5(d). The high voltage at the output of the inverter is stepped down by switching S4. In the

conduction period of S4, inductor stores energy with a terminal voltage of Vi — Vo and energy is
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transferred from high voltage dc bus to battery through D7 . During freewheeling operation, inductor

The integrated on-board charger operates as an ac/dc boost rectifier with PFC capability. The operation

of the circuit in charging mode is shown in Fig. 6.When S2 is ON, the inductor is short circuited and

stores a certain amount of energy based on applied input voltage. Meanwhile, the capacitor connected

in parallel to battery supplies energy to the load. Only diodes D1 andD4 are conducting in this mode.

DiodesD2 andD3 will conduct depending on the grid voltage polarity. During the time when S2 is turned

OFF, D7 is forced to conduct and the inductor current decreases under the influence of Vgrid — Fbat.

At the same time, the capacitor in parallel with battery is charged as well.

5. SIMULATION AND RESULT DISCUSSION
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190 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

FET TS
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Fig 8- DC-DC Converter for Proposed System

Fig.9- Vehicle Control Subsystem
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Fig.11- Colling Subsystem
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Fig.12 Electrical Vehicle output system

Fig.13 Torque Variation after controlling
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Fig.14- Mechanical and Electrical Power Variation

-
-
[ —

Fig.15- Vehicle Parameters
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Fig.16- Motor parameters

Simulation of Proposed system

Simulation tests are carried out for charging, propulsion boost, and regenerative braking buck modes at
various power levels. The screenshot of the current and voltage waveforms during charging with 1.8
kW power is shown in Fig. 5.19. The input (grid) and output voltages are measured through the voltage
sensor, which outputs 6 mV per each Volts. The input voltage is 150VAC and the output voltage is kept

constant at 250VDC. The input (grid) current is also measured through the current sensor.

When the switch is turned ON, the inductor current (battery side) increases with a constant slope. The
dc bus current is continuous and smooth because of the output filters. Small voltage spikes are observed
on the dc-link voltage. These happen in the instances of switching due to the reverse recovery losses,
which slightly reduces the efficiency as previously discussed in the additional loss analysis. This can
be overcome through active soft-switching techniques such as zero-voltage-zero-current switching and

using faster switches to reduce the switching losses, particularly the reverse recovery losses.
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Fig.17. Schematic of the converter with deployed LCL filters.

Case-1 PFC boost rectifier Operating mode

Fig 18- Main Proposed system
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Fig.19 Whole Test model using Matlab

Fig.20- Controlling subsystem
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Fig.21- Battery voltage-Vbat, Vgrid and I grid (Grid Voltage and current)

Fig.22- gate signal, battery side current, dc bus voltage and dc bus current

Case- II semi active dual PFC boost rectifier operating mode
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Fig.24- Controlling subsystem of case-11
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Fig.25- Battery voltage-Vbat, Vgrid and I grid (Grid Voltage and current) for case study-2

-

Fig.26- battery side current, dc bus voltage and dc bus Current

Case-III inverting buck/boost PFC rectifier operating mode
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Fig.27- Matlab model of inverting buck/boost PFC rectifier operating mode

Fig.28- Grid voltage and current
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Fig.29- Battery voltage and Current (Vbat, Ibat), dc bus current (Idc), gate signals

Case-1V positive buck/boost PFC rectifier operating mode

Fig.30 Matlab model of positive buck/boost PFC rectifier operating mode
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Fig.31- Grid voltage and Current

Fig.32- Vbat, Ibat and Vdc, Idc

6. CONCLUSION

This paper highlighted the importance of electric vehicles (EVs) and their practical implementation. The
EV system was modeled and simulated using MATLAB Simulink. The proposed charging method, which
prioritizes charging based on vehicle needs, was tested successfully through both simulations and

experiments. This approach allowed EVs to receive different amounts of energy based on their priority.
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Further research can focus on reducing the overall charging time and examining how constant switching
might impact battery life. The proposed EV charger design eliminates the need for a large inductor core,
which is typically used in conventional systems with two separate power converters for power factor
correction (PFC). Instead, the system uses just four switches and a diode bridge to handle all driving
modes. Simulation results confirmed that the proposed integrated design works effectively and achieves
all required functions. The MATLAB simulation successfully demonstrated the performance of the EV

charging system and proved that the control strategy works well.
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Abstract: Workplace health and safety are among the most vital assets for businesses, individuals,
communities, and nations. As a result, Occupational Safety and Health (OHS) programs are crucial
strategies within organizations to safeguard employee well-being and safety, which in turn enhances
organizational productivity (WHO, 2013). This study aimed to evaluate the influence of occupational
health and safety practices on employee performance at a thermal power plant. The research was based
on two theoretical frameworks: the goal-freedom alertness theory and the distractions theory. A
descriptive research design was employed, focusing on some respondents from the thermal power plant.
Primary data were gathered using structured questionnaires through a drop-and-pick method. The
questionnaires were divided into three sections: Section A gathered background information from
respondents, Section B focused on occupational health and safety practices, and Section C assessed
employee performance. The data collected were analyzed using descriptive statistics, including means and
standard deviations, with the assistance of the Statistical Package for the Social Sciences (SPSS) version
22. Inferential statistics were performed through regression analysis to evaluate the impact of OHS on
employee performance. The results revealed that Occupational Health and Safety Practices (OHSP) have
a significant effect on employee performance at the thermal power plant, as indicated by a p-value of
0.000 at a 95 percent confidence level. This suggests that the model utilized in this study was significant.
Consequently, the study recommends that the thermal power plant should invest in and enhance OHSP

across all organizational dimensions to achieve better employee performance.

Keyword: Occupational Health and Safety (OHS), Employee Performance, Thermal Power Plant,
Workplace Safety
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Introduction: Organizations have both ethical and legal obligations to establish safe and healthy
workplaces that promote the overall welfare of their employees. The execution of health and safety
initiatives differs according to factors such as the size of the organization, its geographical location, the
demographics of its workforce, and the specific nature of the work performed. In this regard, occupational
health aims to improve working conditions within the organizational framework (Dyck, 2015). Taderera
(2012) asserts that occupational health is primarily focused on fostering and sustaining optimal levels of
physical, social, and mental well-being among employees in their respective roles. Considering the
substantial losses and challenges posed by occupational health issues and diseases across various
industries, it is essential to acknowledge that occupational safety and health (OSH) has become a key
priority for numerous organizations. This emphasis is propelled by the increasing frequency of workplace
accidents and fatalities (World Health Organization, 2002). Naidoo and Willis (2012) outline several
benefits that organizations can derive from promoting employee health and safety in the workplace. These
advantages encompass improved employee performance and productivity, heightened motivation and job
satisfaction, a better corporate reputation, and decreased employee turnover rates. The implementation of
safety protocols within organizations is crucial for accident prevention, thereby ensuring a more efficient
workflow, which is vital for enhancing both productivity and employee morale. Boyd (2013) argues that
enhanced employee performance can contribute to greater organizational effectiveness. Furthermore,
Boyd (2013) points out various positive results of a safe and healthy work environment, including reduced
medical and insurance costs, lower employee compensation rates, and diminished direct payments that
may result from disruptions in certain operational processes. Occupational Health and Safety (OHS), as
defined by Amazon (2014), represents a multidisciplinary area that examines workplace interactions
within organizations. Mejia (2013) highlights that Occupational Health focuses on health challenges
arising from diverse working conditions and environments, which can accumulate and ultimately
jeopardize employee well-being. Additionally, Nutbeam (2013) emphasizes the importance of recognizing
that occupational safety aims to prevent workplace accidents and minimize health-related incidents that
may pose immediate threats to employees. Mejia (2013) further notes that Occupational Safety and Health
(OSH) encompasses a broad spectrum of workplace factors, primarily concentrating on the emotional and
physical welfare of employees, thereby underscoring its importance. Effective management of workplace

health and safety requires initiatives to reduce the frequency of job-related injuries and accidents. Health

207 |Page



Recent Research Trends of Al in VVarious

o
‘ I I.. Streams of Engineering and Management
May-2025
PUBLICATION ISBN Number: 978-93-95305-47-1

and safety are regarded as advantageous elements that acknowledge both the social and personal resources
of an organization, alongside its physical capabilities. In this regard, Raphael, Brown, Renwick, and
Rootman (2014) elaborate that OSH is perceived as the ability to ensure that an organization’s goals are

clearly defined and accomplished by addressing the personal needs of employees in their everyday lives.

Cassio (2014) posits that employee performance is determined by the quantifiable results obtained from
various tasks or activities within a specified timeframe. Furthermore, Bernadin (2012) describes employee
performance as a set of behaviors that correspond with the goals of the organization or its specific
departments where employees are involved. In contrast, Cassio (2014) highlights that employee
performance entails nurturing a cooperative workforce that understands the organizational objectives that
must be fulfilled. In recent years, many organizations have aimed to develop a culture focused on
performance, which primarily includes the adoption of various strategies to improve individual
contributions to the overall success of the organization (Dessler, 2014). As a result, the human resources
department is responsible for ensuring employee health and safety, with the goal of motivating them,
enhancing their performance, and increasing job satisfaction. Gilley et al. (2013) contend that
organizations must improve their performance by incorporating workplace safety and health standards,
which are crucial for achieving this goal. The objective of this research was to evaluate the influence of

occupational health and safety practices on employee performance within a thermal power plant.

Literature Review: The Goal-Freedom Alertness Theory, introduced by Kerr in 1954, offers an in-depth
perspective on how psychologically rewarding work environments can lead to safe work performance. It
highlights that employees are more inclined to maintain safety in a positive workplace when managers
and supervisors actively strive to reduce accidents, hazards, and illnesses. This theory posits that
organizations that promote safe working conditions and provide increased autonomy are essential for
establishing realistic and achievable goals, which subsequently improves performance quality. It
emphasizes the necessity for managers to motivate their employees to undertake tasks that are feasible by
enhancing their skills in problem-solving, vigilance, and proactive identification of issues (Clement,
2012). Additionally, the theory indicates that the psychological dimensions of the work environment must
also cater to the emotional needs of employees to sustain their alertness, thus minimizing accidents and
improving both safety and overall organizational effectiveness. The Distractions Theory, introduced by

Hinze in 1997, asserts that employee safety and health are affected by situational elements that can be
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analyzed from two different perspectives. The first perspective examines hazards stemming from unsafe
physical environments, while the second considers the distractions that employees face from matters
unrelated to their immediate tasks (Clement, 2012). This theory highlights the importance of identifying
hazards as a key component in the successful implementation of strategies aimed at preventing accidents
and injuries. However, research shows that workers often fail to notice a considerable number of hazards
in their workplace. In this regard, Ayers (2016) contends that it is vital for employers to comprehend the
factors that affect hazard recognition and employee performance as a fundamental approach to improving
safety outcomes. Given the complex, distinctive, and constantly evolving nature of operations in
organizations such as thermal power plants, studies have provided anecdotal evidence indicating that
distractions can adversely affect employee performance, resulting in negative safety outcomes, including
injuries. According to Hinze's theory, employees face an increased risk of accidents when they are
sidetracked by various factors. It is crucial to acknowledge that a major drawback of this theory is its
insufficient empirical validation, which accounts for the lack of revisions intended to improve this
theoretical model. On the other hand, a significant advantage of the theory lies in its capacity to address
the distracting and widespread stimuli that largely lead to accidents in organizations (Ayers, 2016). In this
regard, the theory advocates for the establishment of safe and unobstructed work environments, initiatives
that not only decrease the incidence of accidents but also boost employee performance. 2.3 Occupational
Health and Safety Practices This code of practice forms the basis for the implementation of an
Occupational Health and Safety (OHS) Program within an organization and can support management
throughout the development process. According to the Workers’ Safety and Compensation Commission
(2017), OHS practices are vital for employers with twenty or more employees. An OHS practice
encompasses the formulation, execution, and documentation of policies and procedures aimed at
managing OHS within the organization. To effectively oversee OHS, various practices must be embraced,
including occupational health and safety surveillance, safety committees, employee assistance programs,
employee wellness initiatives, health and safety policies, health inspections, employee training on OHS,
and health and safety audits. The initial practice is OHS Surveillance, which entails methods for detecting
occupational hazards and health-related concerns. This includes environmental assessments, medical
surveillance, biological monitoring, and epidemiological techniques (Price, 2007). Organizations should

establish systematic monitoring of safety and health conditions in the workplace, which involves
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scrutinizing work practices and environmental factors that may impact employee health. These

surveillance programs also include monitoring workers for potential hazards (ILO, 2015).

Methodology: It presented a summary of the research approach, outlined the research tools utilized, and
provided an in-depth explanation of the different methods applied throughout the data gathering process.

» Research Design: As stated by Creswell and Clark (2012), research design functions as a
systematic framework or blueprint that directs the gathering and examination of data. The current
study utilized a descriptive research design, which necessitates that the researcher observe and
document a phenomenon along with its features (Umar, 2008). This method was selected because
it allowed the researcher to accurately portray the data and characteristics associated with the
population and phenomenon being studied.

> Population of the Study: According to Patton (2012), the population of a study comprises a
collection of events, services, groups of items, elements, and individuals being examined. This
particular study focused on all employees of a thermal power plant.

» Sample design: According to Mugenda (2008), a sample size refers to a small group or sub-group
selected from the overall population. The stratified random sampling method was employed,
categorizing employees into their respective departments.

Table 1 Sample

No. Department No. of Employees Sample
1. Business Strategy 28 6

2 Infrastructure Development 379 21

3 Network Management 231 11

4 Street Lighting 217 24

5 Customer Service 35 6

6 Regional Coordination 15 4

7 Company Secretary 7 2

8 Supply Chain 31 6

9 Internal Audit 10 2
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10 | Human Resource and Administration 42 8
11 Finance 12 2
12 ICT 40 8
Total 1047 210

Source: Deepnagar Thermal Power Plant, Human Resource Department 2024

» Data Collection Method: The Deepnagar Power Plant, also known as the Bhusawal Thermal

Power Station, is a coal-fired energy facility situated in Deepnagar, which means 'City of Lights'.

It is located around 8 kilometers from Bhusawal city in the Jalgaon district of Maharashtra, India,
and is operated by MAHAGENCO. The Bhusawal Thermal Power Station has an installed

capacity of 1420.00 MW. The following is an extensive summary:

Location: Deepnagar, Jalgaon district, Maharashtra, India.

Type: Coal-fired thermal power station

Operator: MAHAGENCO.

Installed Capacity: 1420.00 MW.

Units: The Bhusawal Thermal Power Station consists of multiple units, including
Bhusawal-C Thermal Power Station Unit 2 (Unit C5), Bhusawal-C Thermal Power Station
Unit 1 (Unit C4), Bhusawal-B Thermal Power Station Unit 2 (Unit B3), Bhusawal-A
Thermal Power Station Unit 1 (Unit Al), and Bhusawal-B Thermal Power Station Unit 1
(Unit B2), as documented by Global Energy Monitor.

Coal Consumption: In the 200607 period, the Bhusawal Thermal Power Station consumed
2,400,000 tonnes of coal.

Proximity to Ordnance Factory: The power station is located near the Ordnance Factory in
Deepnagar. Coal-fired thermal power plants require substantial coal resources. For
example, the Bhusawal Thermal Power Station consumed 2,400,000 tonnes of coal during
the 2006-2007 timeframe. Approximately 80 percent of India's domestic coal output is
designated for these thermal power plants, and coal transportation constitutes 42 percent

of the total freight revenue for Indian Railways.
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Data was primarily collected through the distribution of questionnaires, which were segmented into three
distinct sections. The first section aimed to gather general background information about the respondents.
The second section included questions pertaining to occupational health and safety practices, while the
third section explored various aspects of employee performance. The questionnaires were distributed
using a drop-off and pick-up approach. Data collection took place over a week, after which the responses

were compiled and prepared for analysis.

Data Analysis: The analysis of data was conducted using descriptive statistics, which encompassed
standard deviation, percentages, mean values, and frequencies. Subsequently, regression analysis was
employed to evaluate the impact of OHSP on employee performance. The findings were illustrated

through tables and graphs.

Results: An examination of various occupational health and safety practices reveals that OHSP are
actively enforced at Deepnagar Thermal Power Plant. This is corroborated by the notable and moderate
levels of consensus among respondents regarding the execution of various health and safety initiatives at
the facility. Therefore, it can be concluded that Deepnagar Thermal Power Plant has made considerable
strides in minimizing workplace accidents, in accordance with the assertion that occupational safety is
essential for preventing incidents and alleviating health risks that could threaten employees. These
findings also align with the perspective that OHS practices, such as safety protocols, risk management,
first aid training, and health regulations, positively influence organizational commitment. Furthermore,
the analysis of different facets of employee performance indicates that all assessed performance metrics
are relevant. In particular, work efficiency was rated the highest, followed by performance measures,
quality of performance, and quantity of work. The results imply that employees at Deepnagar Thermal
Power Plant are exhibiting commendable performance and efficiency in their roles, thereby contributing
significant value to both the organization and themselves. As a result, the company should establish
effective reward systems to motivate employees to enhance their performance. This is consistent with
observations that employees who are willing to put in extra effort are generally more motivated and
achieve better outcomes. The regression analysis model assessing the influence of Occupational Health
and Safety Practices (OHSP) on employee performance at Deepnagar Thermal Power Plant reveals that
OHSP significantly contributes to employee performance and can be effectively employed to predict

performance levels. These findings are consistent with previous research, which demonstrated that the
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implementation of occupational health and safety measures positively influences employee performance,
supporting the assertion that workplace health and safety standards improve employee performance, thus

allowing organizations to achieve enhanced performance results.

Conclusions: In light of the findings presented, the research has reached the following conclusions: It is
imperative for Deepnagar Thermal Power Plant to prioritize compliance with occupational health and
safety standards, as this is vital for enhancing employee performance. Failing to promote and enforce these
standards may result in a decrease in employee performance. This assertion is corroborated by the
regression model analysis, which demonstrated a significant P-value, underscoring the considerable
influence of occupational health and safety practices on employee performance. The research revealed
that Deepnagar Thermal Power Plant has adopted a majority of occupational health and safety initiatives,
acknowledging that employee performance is a continuous and adaptable process that involves all levels
of staff within the organization. Although many elements of the occupational health and safety practices
received high evaluations, some were rated only moderately, indicating that the company should invest
resources to improve these practices. The study concluded that effective occupational health and safety
programs yield significant improvements in safety, enhanced working conditions, and the implementation

of preventive measures, leading to considerable human and economic advantages.
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ABSTRACT

Artificial Intelligence (Al) is emerging as a transformative force in food waste management, particularly
within the fast-food industry, where operational efficiency and sustainability are critical. This study
employs a qualitative research approach to investigate how Al-powered technologies are being adopted
nationally and internationally to minimize food waste. Through in-depth interviews and case study
analysis, the research examines successful implementations in both Indian and global contexts. For
example, Indian fast-food chains like Rebel Foods have integrated Al algorithms to optimize inventory
and demand forecasting, significantly reducing spoilage. Internationally, companies such as McDonald’s
(USA) and Winnow Solutions (UK) utilize Al-based systems for real-time monitoring of kitchen waste
and predictive analytics to enhance portion control and procurement planning. The findings reveal that Al
applications—ranging from smart sensors and machine learning models to intelligent inventory systems—
enable accurate demand prediction, freshness tracking and behavioral insights into consumption and
disposal. Moreover, innovations like smart packaging and Al-generated recommendations for repurposing
unsold food are further contributing to sustainability efforts. The study concludes that Al not only
enhances waste reduction strategies but also reshapes food supply chain practices by promoting data-
driven decision-making, cost-efficiency and environmental responsibility across different geographic and

operational contexts.

Keywords: Artificial Intelligence (Al), Food Waste Management, Fast-Food Industry, Case study and
Smart Al Technologies.
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1. INTRODUCTION

The capacity of artificial intelligence (Al) to transform food waste management is rooted in its capability
to analyses extensive data sets and enhance processes throughout the food supply chain. Utilizing machine
learning algorithms enables Al to enhance demand prediction accuracy, consequently minimizing
overproduction and spoilage (ozcil, 2024). Furthermore, Al technologies can improve inventory
management by facilitating the tracking of food freshness and effectively reducing waste. Innovative
applications, including smart bins that detect and measure discarded food, yield significant insights into
waste patterns, enabling organisations to adopt targeted reduction strategies. Al enhances operational
efficiency and promotes sustainable food consumption, thereby substantially reducing the environmental
consequences of food waste, Al Technology continues to advance, its role in reducing food waste in the
fast-food industry is expected to grow even further. Future applications may include personalized nutrition
recommendations based on Al algorithms and the development of smart packaging that can extend the
shelf life of food products. Al can monitor various stages of the supply chain, from sourcing to storage, to
identify potential bottlenecks and inefficiencies by optimizing transportation routes, storage condition and
inventory levels, Al can reduce spoilage and waste throughout the entire supply chain. Al Powered systems
can track inventory levels in real-time, providing insights into which ingredients are most likely to expire
soon. This information can be used to prioritize the use of those ingredients, reduce waste and ensure that
customers receive fresh food and by accurately predicting demand, optimizing supply chains and
managing inventory effectively, Al can significantly reduce food waste in the fast-food industry. This not
only saves money for businesses but also helps to reduce environmental impact and contribute to a more

sustainable food system.

Reducing Food Waste: Al Predicts demand more accurately, reducing overproduction and waste. Al driven
forecasting can cut food waste by up to 30%. Optimizing supply chains: Al optimizes inventory and
transportation, reducing spoilage by as much as 50%. Sustainable Packaging: Al helps design eco-friendly
packaging, leading to a 20% reduction in Plastic use in recent years. Energy management: Al reduces
energy consumption in manufacturing by 15%-25%, lowering the carbon footprint. Sustainable Sourcing:

Al tracks raw material sustainability, reducing the carbon footprint by 10%.
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2. LITERATURE REVIEW

“The Role of Artificial intelligence to Minimize food waste in the Fast-Food Industry” has taking attention
in recent years due to its potential to enhance sustainability and optimize resource utilization and Al role
in reducing overproduction, improving inventory management and fostering circular economy practices.

Research highlights diverse applications, including predictive analytics, 10T, blockchain technologies and

machine learning, to address critical inefficiencies in food supply chains.

Title of Year | Name of Areas of Objective of | Research Finding and
research Author(s) | Research Study Methodology Conclusion
article
Deep 2020 | Mazloumia | Munich, To develop a | Trained a neural | This study
learning n et al. Germany deep learning | network on provide
for model for images of food | insights for
classifying classifying waste collected | waste
food waste types of food | from waste bins. | reduction

waste to and
better effectively
understand classified
and reduce it. waste.
loT and 2020 | Houet al. Shenzhen, | To explore Analyzed case This study
Blockchain China. the studies and concludes
-based integration of | existing that the
smart Agri- internet of framework to synergistic
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Research Gap:

Present study, some Technologies like 10T, blockchain and machine learning have been studied but there

is limited research on the integration of these technologies to create situation for food waste reduction.

Most research Highlighted industrial, institutional, or large-scale food systems. There is a research gap

in adapting Al strategies for household-level food waste management, particularly in low-resource

settings. Limited studies evaluate the long-term effectiveness and sustainability of Al-driven solutions.

Research on consumer perceptions of Al is minimal and more studies are needed to understand how Al

can influence consumer behaviour, trust and acceptance of waste reduction technologies.

Objectives of the Study:

1. Explore company Cases building an Al-Based framework to manage food wastages and

sustainable innovations in the food industry.

2. Evaluate Al and Machine learning for detecting early signs of food spoilage.
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3. RESEARCH METHODOLOGY

Qualitative approach was adopted including Organization Cases using Al based technologies for food
waste reduction in fast food industry. Secondary Data was used from National and International
Organizations. Munich, Germany (Mazloumian et al., 2020), Trained a neural network on images of food
waste collected from waste bins. Shenzhen, China (Hou et al., 2020), Analyzed case studies and existing
framework to Propose a model. Australia (Kim et al., 2020), Survey-based analysis. Chennai, India
(Kumari Behera et al., 2021), Application of YOLOV3 deep learning model for waste classification. Patiala
& Chandigarh, India (Sama et al., 2021), Conducted Survey, implemented 10T - enable smart bins to
collect real time data on food waste. Ratnagiri, Maharashtra, India (Bharadi et al., 2022), The Study used
Historical data from fast food chain in Maharashtra. Hyderabad, Telangana, India (Dr. Ali et al., 2022), It
use of regression models and Al Algorithms to predict demand in food outlets. Switzerland (Fesenfeld et
al., 2022), Policy-driven approaches using Al to align sustainability objectives with governance
frameworks. Bangladesh (Noman et al., 2022), Conducted a bibliometric analysis and Literature review.
Beijing, China (Wu et al., 2023), The methodology researcher employed digital twin technology to create
a virtual replica of the physical supply chain system. China & USA (Min et al., 2023), Conducted case
studies and Surveys. United Kingdom (Onyeaka et al., 2023), University of Birmingham, Conducted case
studies and Surveys. Kolhapur, India (Bongarde et al., 2024), Application of electronic nose systems and

gas Sensor arrays.

Sheftield, UK (Shenfield, 2024), Pilot projects and research themes at the advanced food innovation
center. London, UK (Various, 2024), Studies on Al in hospitality. Cyprus (Ozcil, 2024), It analysis
Quantitative Machine learning model. Kharagpur, India (Tiwari et al., 2024), Analyzed historical data
from fast food outlet to predict customer demand. Northern Italy (Trevisan and Formentini, 2024),
Literature review likely agricultural or technical institutions in Italy. Global Scope (Reyes et al., 2024),
Multinational food chains and case studies. Bielefeld, Germany (Agrawal et al., 2025). Likely a German

institute specializing in food manufacturing.
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4. ORGANISATIONAL CASES AND DISCUSSION

4.1 International Fast food companies using Al for Food Waste Reduction

Winnow, headquartered in London, England, UK. The company that provides artificial intelligence
(AD) tools to help particularly in the food service sector, reducing food waste by tracking the quantity and
identifying waste trends in food services and Hospitality industry, Located in Landon, England, United

Kingdom. Winnow reports that its clients typically reduce food waste by 30-50% within 6-12 months.

Chick-Fil-A, company has invested in robotics and machine learning to help manage supply chain,
which serves over 3000 restaurants across the US by using Al to predict demand and avoid shortages,

cut down on waste.

Afresh, company located in California that leverages Al to optimize the fresh food supply chain and
reduce food waste and uses Al-powered recommendations to help grocery stores manage inventory,

forecast demand. This technology has been shown to reduce food waste by approximately 25%.

LeanPath, Company based in Portland (United States). This company’s food waste technology helps
commercial kitchens reduce food waste by tracking and analyzing their food waste data. Leanpath’s
software then analyses this data is to identify areas where food waste is the highest and provides

recommendations for reducing waste.

KITRO: The startup KITRO, based in Switzerland. It simplifies food waste management for
commercial kitchens by using Al-driven SaaS solutions. It technology helps the food service industry
automate food waste management, allowing customers to save 2-8% of their annual food costs and

reduce their avoidable food waste by at least 20%.

Hungry root: It is a food startup based in New York that uses Al to curate grocery lists and recipes
tailored to individual dietary preferences, health goals and cooking habits, significantly simplifying meal

planning and reducing food waste.
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4.2 National Fast Food companies using AI to Waste reduction

FreshMenu, Bengaluru, Karnataka, India. Company analyses customer data to predict demand for

specific menu items and also streamlines inventory management, ensuring minimal leftover.

Swiggy, Headquartered in Bengaluru, Karnataka, India. Swiggy launched its own Al-powered
recommendation tool, ‘what to eat., It employs Al for route optimization, demand forecasting and
efficient delivery partner allocation. This help in aligning food preparation with actual demand and

reducing instances of overproduction and subsequent waste.

Otipy Store, (Crofarm Agriproducts Pvt Ltd.) Located in Gurugram, Haryana, India. Uses Al to
Predict Consumer Trends and Temperature for Accurate Stock Planning, Al enabled pre cooling units
maintain optimal freshness during transit. Decreased food wastage from 40% to less than 4% (2024-

2025).

Stellapps Company, Located in Bengaluru, Karnataka, India. Uses loT and Al Track quality and
temperature across supply chains. Al tools also provide real time data to optimize milk collection

processes. Reduced Milk spoilage by 20%, extending milk shelf life and cutting losses.
5. CONCLUSION

Application of YOLOvV3 and predictive analytics and machine learning to classifying the food waste,
predict demand and improve composting efficiency. loT -enabled smart bins and blockchain system
improve real-time data collection, Transparency and accountability across food supply chains. Al solutions
contribute to circular economy practices by minimizing overproduction and reduce spoilage. leverages Al
to optimize the fresh food supply chain and reduce food waste. By Al to predict demand, avoid shortage
and cut down on waste. Analysing Al tools and technologies across food supply chain. Al system provides
insights that help adjust portion size and inventory, reducing waste. The alignment of Al-driven
innovations with regulatory frameworks and governance policies can further enhance the effectiveness of
food waste reduction strategies. Combining Al with integration of internet of things (1oT) and blockchain

technologies to enhance transparency, Efficiency in agri-Food supply chains. Al and related technologies
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significantly reduce food waste by optimizing supply chain operations, predicting demand and detecting
spoilage.
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ABSTARCT- The digital banking sector changes rapidly by integrating artificial intelligence (Al). This study
examines how Al can improve operational efficiency, customer experience, decision-making and risk management
in banking. Al technologies such as machine learning, natural language processing (NLP), chatbots, and robotic
process automation (RPA) include everyday tasks, personalizing services, and introducing innovative financial
products. By processing large data in real time, Al Banks enables feasible knowledge, predict trends, provide more
accurate financial advice, improve efficiency and reduce costs. In risk management, Al-Aids has been subject to
fraud recognition, cybersecurity and credit risk assessments, making the financial system more secure and more

resistant.

Despite these benefits, accepting Al assumptions presents challenges such as data protection, algorithm bias, job
placement, and concerns about authority. Integrating Al into existing infrastructure requires considerable
investment and retraining of the workforce. This study examines both the opportunities and challenges presented in
digital banking, providing stakeholder recommendations to control this developing landscape and ensure

responsibility and sustainable growth.

Keywords: digital banking, artificial intelligence (Al), operational efficiency, customer experience, machine
learning, natural language processing (NLP), chatbots, robotic process automation (RPA), data processing, financial
products, insights

I. INTRODUCTION

In recent years, the banking sector in India has experienced significant transformations driven by the rapid adoption
of digital technologies and innovation. At the very top of this technological revolution is artificial intelligence (Al).
This is becoming increasingly important in the delivery of modern banking services. With the country's wide and
diverse population, along with its growing digital economy, the role of Al is important and is a good time for
redesigning the banking landscape in India. By integrating Al technology into the banking sector, financial
institutions can not only improve operational efficiency, but also provide personalized services, improve customer
experiences, and enhance risk management frameworks. Using Al, banks and financial institutions automate

recurring tasks such as data entry, compliance checks, and customer queries through advanced technologies such
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as robotic process automation (RPA) and algorithms for machine learning. Additionally, Al-powered solutions such
as chatbots and virtual assistants redefine customer interactions by quickly providing support and personalized
recommendations around the clock. This has significantly increased customer satisfaction, especially in countries
where access to banking is traditionally limited in rural and rural areas. By using Al, banks in India not only simplify
banking procedures, but also simplify financial inclusion, allowing access to services for more population groups.
Using advanced data analytics, Al can recognize anomalous patterns and predict potential fraud or financial crimes
in real time. Al control algorithms also improve credit risk assessments and enable banks to better assess their
clients' credit abilities, particularly in the context of non-trunnion populations in India. This ability to efficiently
and accurately process large amounts of data changes the way banks manage their loans, credits and financial plans.
One of the main concerns is data protection and security. With the collection of vast amounts of confidential
customer data, including financial transactions and personal information, guaranteeing a robust data protection
mechanism is paramount. Furthermore, distortions in algorithms in Al models are increasingly concerned,
particularly in areas such as credit valuations where biased algorithms can lead to unfair treatment of specific
population segments. Although India is regulating digital finance, Kl introductions have surpassed the development
of broad legal and guidelines to address ethical and legal implications at KI. Together with financial supervisors,
the government must increase the balance between promoting innovation and ensuring fair practices. Furthermore,
increasing automation of banking raises concerns about changes in employment. Al can increase efficiency and
productivity, but it can also lead to reduced manual work, especially with customer support, compliance and back-
office operations. This study examines how Al can promote innovation and appeal to the challenges of worker
security, regulatory and evacuation by focusing on its impact on operational efficiency, customer loyalty, financial
inclusion and risk management. The purpose of the study is to convey a comprehensive understanding of how Al
is used by Indian banks, determine the most important opportunities and challenges, and develop recommendations
for political decision makers, financial institutions and technology developers. It also explores how Al can
contribute to the sustainable growth of the sector by ensuring a balance between technological advancement and
the socioeconomic impact of automation. Ultimately, this study provides insight into the responsible and effective
use of Al to promote growth, improve customer experience and improve the financial stability of India's rapidly

developing banking ecosystem.
Il. LITERATURE REVIEW

The integration of artificial intelligence (Al) into the Indian banking sector has launched a major transformation
that changes the way banks work, deal with their customers and manage financial risks. The impact of Al is

widespread and affects many aspects of banking, including: Through these innovations, Al not only promotes
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advancement in the banking industry, but also promotes the broader goals of India's economic and social progress.
Tasks such as data entry, transaction processing, compliance review, and coordination are increasingly automated
through technologies such as robotic process automation (RPA) and machine learning algorithms. This automation
allows banks to process large volumes of transactions and processes faster and at a lower cost. Furthermore, the
ability of Al to process and analyze large quantities of data in real time improves the decision process and allows
banks to make sound, accurate and timely decisions. Using Al also increases scalability as banks can expand their
services without increasing their employees and operating costs proportionally. This efficiency is extremely
important in a rapidly growing economy and India, with banking services becoming increasingly digital and more
complicated. With a large, diverse customer base, banks use Al to provide personalized, comfortable and responsive
services. Al-powered systems can analyze individual customer behavior, transaction history, preferences, and even
social interactions to provide tailor-made banking solutions. In this way, banks can recommend products and
services that match all their customers' unique financial needs and goals, significantly improving the quality of their
customer interactions. Furthermore, the rise of Al-controlled chatbots and virtual assistants has revolutionized
customer service in the Indian banking sector. These systems provide immediate support and enable customers to
access information, execute transactions and resolve issues when needed. Reducing latency and ability to resolve
gueries improve customer satisfaction and promptly promote loyalty. Additionally, Al systems using natural
language processing (NLP) allow for more complex, human-like interactions that allow customers to naturally
communicate with banks. This development is especially important in countries like India where millions of people,
including rural people, are familiar with digital banking services. Traditional fraud detection systems are often based
on insufficient fixed rules and patterns when identifying new or developed fraud types. Al improves fraud awareness
by continuing to learn from transaction patterns and anomalies, particularly through machine learning. This allows
you to detect fraudulent activity in real time, minimizing potential financial losses and overall security
improvements for digital transactions. Given the rise in online and mobile banking in India, the role of Al is
becoming increasingly important in securing customer data and preventing cyber threats. Furthermore, Al
capabilities have significantly improved the area of wider data points beyond traditional credit stories to assess the
wider area. By including alternative data sources such as cell phone usage patterns, supply calculations, and
payments for social behavior, Al can assess the creditworthiness of people with limited or no formal credit. This
development is especially valuable in India, where important parts of the population are unbound or linked, allowing
these people to access loans, insurance and other financial services they had not had before. India has a large rural
population that is often exposed to obstacles to access financial services, including a lack of physical banking
infrastructure, limited financial capacity and lack of formal credit drawings. Al has enabled it to expand its reach

to underlying population groups within these ranges by offering innovative solutions such as microloans, digital
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savings accounts, and mobile banking apps. These Ai-operated services are accessible via smartphones and the
Internet, making banking more integrated and accessible, especially in far-reaching regions. Furthermore, the Al's
ability to process non-traditional data for credit ratings has opened up new opportunities for rural individuals to
access credit and financial services that were previously unreachable. One of the main concerns is data protection
data protection. Banks collect and analyze large amounts of customer data to provide personalized services,
increasing the risk of data injury, unauthorized access and misuse of personal information. Ensuring the security of
sensitive customer data is of paramount importance for maintaining and protecting the integrity of your banking
system. The problem of algorithm distortion is another challenge that requires attention. If Al systems are not
properly designed and monitored, they can incorrectly immortalize distortions when making decisions, particularly
in areas such as credit permits and credit valuations. This can lead to discrimination against specific demographic
groups and undermine the principles of fairness and equality of banks. Furthermore, changes in employment through
automation are an urgent issue as Al technology replaces certain roles traditionally held by people such as customer
service staff and management staff. Although Al can improve efficiency, it is important that banks have the potential
socioeconomic impact of automation by providing reskilling programs and ensuring a smooth transition for affected

employees.

Another challenge is the need for a clear regulatory framework that leads the ethical use of Al in banking. Al offers
significant growth and innovation options, but its rapid acceptance requires precisely defined regulations to prevent
abuse, ensure equity and protect consumers. The Indian government and supervisory authorities need to develop
broad guidelines addressing questions relating to Al ethics, transparency and accountability, and set standards for
the safe and secure implementation of Al in the banking sector. Furthermore, banks need to surpass the workforce
to adapt to the changing technological landscape. While Al is developing, there is a growing demand for qualified
workers in areas such as data science, machine learning, and Al government. It is important that the workforce has
the skills necessary to stay competitive and maximize the benefits of Al. However, its integration must be managed
carefully to address challenges related to data protection, algorithm equity, job change and regulation of regulatory
regulations. By carefully navigating these challenges, you can use the full power of Al to expand your services and

contribute to a more integrated and efficient banking space system for the future.
I11. RESEARCH METHODOLOGY

This study incorporates qualitative methodology to examine the development of artificial intelligence (Al)
development in the banking sector of India. The choice of qualitative research is particularly well suited to this
study. This is to provide a deeper understanding of complex social, technical and organizational dynamics that

cannot be properly documented using quantitative metrics alone. In the context of banking services, Al integration
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represents a transformative change that affects customer experience, operational processes, and regulatory
frameworks. Because this area develops rapidly and is often context-dependent, qualitative research provides the
flexibility and depth needed to explore the nuances of Al adoption and multifaceted effects on the Indian banking
industry. Interpretations emphasize how important it is to understand the subjective meaning and interpretation that
assigns individuals and institutions to technological change. In this case, the focus is on how Al is perceived and
applied in the Indian banking sector by various interest groups such as banks, supervisors, researchers and clients.
An interpretivist approach allows researchers to go beyond the description of surface-level Al applications and
instead examine the broader effects, motivations and challenges associated with this technology change. Rather
than attempting to determine universally generalizable laws, this study seeks to uncover meaningful patterns and
topics in India's specific socioeconomic and regulatory contexts. This bottom-up strategy is very suitable for
examining ambitious topics such as Al in the banking industry where frameworks and theory are still developing.
Through review and integration of existing scientific literature, the purpose of this study is to understand how Al is
used in Indian banking operations and what outcomes are produced in terms of service, efficiency, customer loyalty,
risk management and financial integration. The exploratory component deals with the relatively studied area of Al
in the Indian banking business by identifying key trends, applications and challenges. The descriptive elements
include detailed reports on how Al technology is currently being used in a variety of banking transactions. Given
the focus of research on academic literature, the research is based solely on desks and on secondary data sources.
No major data collection was carried out through interviews, surveys, or field observations. Instead, this study
focuses on systematically analyzing existing knowledge to maintain knowledge and effectiveness. In addition to
Google Scholar, we collected extensive scientific literature using databases such as JSTOR, Scopus, Elsevier
(Sciencedirect), Springerlink, and IEEE Xplore. These databases were selected to relate to the range of expert
content and both technical and financial fields. Reports and white papers from well-known institutions such as the
Reserve Bank of India (RBI), the National Association of Software and Services Companies (NASSCOM),
McKinsey, PWC, Deloitte, KPMG, and more were also used to record industry outlook and practical applications
from Al. Only experts who have looked into journal articles, scientific conference procedures, institutional reports
and state publications published between 2015 and 2024 were able to record the latest developments and trends as
the selected time frame reflects the period in which Al technology in the banking sector in India gained serious
traction. All sources were in English and had to focus on the Indian context, particularly in the Indian context or
provide comparative knowledge related to India. Articles that lacked academic rigor based on impaired opinions or
anecdotal evidence or were concentrated solely on non-Indian banking systems were excluded from the study to
maintain academic integrity and context-related relevance. The theme analysis process involved several stages.

First, researchers were extremely familiar with the content after reading all selected articles several times. The first
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code was then generated to mark important ideas such as: These codes were split into broader topics written in the
literature. The most well-known topics include (1) the use of Al in improving customer service through tools such
as chatbots and virtual assistants, (2) the use of Al in risk management, particularly detection of fraudulent
transactions, and (3) operational efficiencies resulting from Al-changing automated and data analysis. Adapt and
compliance with regulatory compliance. These topics were interpreted in a broader theoretical framework and in
the context of practical development, allowing researchers to draw meaningful conclusions about the role and
impact of Al in Indian banking. All sources used have been published and cited to ensure intellectual integrity and
avoid plagiarism. Formal ethical approval was not required as no human participants were involved. However,
researchers adhered to academic standards of confidentiality, transparency and critical reflection in the selection

and presentation of information.

Despite its strengths, research methods have certain limitations. The most important limitation is the exclusive
dependence on secondary data. This means that results are based on existing interpretations and may not grasp the
latest development and living experiences of banking professionals and clients. Furthermore, this study may be
limited by the availability and accessibility of relevant literature, particularly records of perspectives from rural or
underrepresented regions of India. There is also the risk of publishing stocks where only positive or successful
applications of Al have been reported, and it may be overlooked as being that implementation or unintentional
results may have failed. Future research could benefit from the inclusion of primary data collection methods. B.
Interviews with bank employees or client surveys complement and verify the results of secondary sources. The
study is based on a thematic analysis of high-quality academic literature and industry reports, providing a
comprehensive understanding of how Al redesigns its banking operations and what challenges and opportunities

are more like than Indian financial institutions.
1V. ANALYSIS AND INTERPRETATION

This section presents a comprehensive analysis and interpretation of results derived from secondary qualitative data,
including journal articles, white papers, institutional reports, and research publications. Data from academic
platforms such as Google Scholar, JSTOR and Sciencedirect were thematically analyzed to find out how artificial
intelligence (Al) influenced banking services in India. The results are interpreted in five core areas that occurred
during the analysis: customer service Al, fraud detection and risk reduction, credit valuation and financial
integration, process automation and operational efficiency, and challenges and limitations in Al adoption. Together,
these topics provide a comprehensive understanding of the developing Al landscape within Indian banking
institutions and the wider impact on clients, supervisors and financial ecosystems. The verified literature

overwhelmingly supports the view that Al has revolutionized the way banks interact with their customers.
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Traditional methods of customer care based strongly on human interaction have often been limited by working
hours, reaction times, and inconsistent quality of service. In contrast, Al-powered solutions such as chatbots, voice
assistants and self-service portals have allowed banks to provide support with around 24 hours a day, consistent and
efficient. These systems use natural language processing (NLP) to interpret and respond to a wide range of customer
queries in real time. Tasks like review accounts, loan applications, password resets, and reporting lost cards can be
completed within seconds. The literature also points out that these virtual agents can process thousands of queries
at the same time that human agents cannot match. By analyzing transaction history, browser behavior and financial
patterns, Al can provide tailor product recommendations, investment advice and targeted advertising offers. This
personalization is especially valuable in such a diverse and Indian market. Through a multilingual, simplified
interface, Al's ability to operate urban technically experienced customers and digital rural users improves the trends
in banking services. However, scientists also warn that Al is improving service delivery for many, but there is a
digital gap, especially for older users and rural users whose Al interfaces are unknown or inaccessible. This is
because digital transactions spread through mobile apps, online banking and a unified payment interface (UPI)
platform. The threatening landscape has expanded. The literature highlights that traditional rule-based fraud
detection systems are often ignored because they cannot adapt to new and sophisticated fraud techniques. It can
analyze large amounts of data in real time, identify patterns, and recognize anomalies that can imply fraud. These
systems continuously learn from new data and improve prediction capabilities over time. For example, Al can
recognize abnormal registration patterns, sudden geolocation changes or atypical transaction sizes, cause immediate
warnings, and block suspicious activity. Research investigated shows that banks such as Axis Bank and Yes Bank
use Al-powered fraud management systems that significantly reduce both financial losses and response times. Al
systems can view transaction protocols, access patterns, and communication files to recognize early warning signs
of internal threats. General institutional resistance improves such comprehensive risk monitoring. However, the
effectiveness of these systems depends heavily on the quality and diversity of the data set for them. Inconsistent
data collection practices or low data infrastructure, particularly for small banks, it could limit the likelihood of Al
in the event of a decline in fraud. Traditionally, Indian credit ratings have been limited by the availability of formal
documents, income documents and credit history. As a result, the majority of India's population, particularly the
informal sector or rural areas, have been excluded from access to formal loans. Through analysis of non-traditional
metrics such as mobile phone use, social media behavior, e-commerce activities, supply payments, and digital
payment patterns, Al systems can also generate comprehensive credit scores for individuals without a formal
financial footprint. This was especially valuable for microfinance institutions, non-banking financial companies
(NBFCs), and fintech credit providers looking to expand their loan approach to vulgar communities. Instead of

waiting for days or weeks of manual review and insurance, Al can evaluate applications in real time to ensure faster
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payments and reduce operating costs. Some fintech platforms claim to approve loans within five minutes using Al-
controlled models. The literature suggests that these systems improved credit risk forecasts and reduced credit case
incidence. However, concerns have been expressed about the transparency and the possibility of biased decisions
of such algorithms, particularly when the training data records reflect historical biases related to gender, caste, or
geography. Therefore, regulatory oversight and ethical Al framework conditions are important to ensure fairness
and accountability.

Al Process Automation and Operational Efficiency

Kl plays a key role in improving internal banks through automation and process optimization. A critical application
of Al, Robotic Process Automation (RPA) is increasingly used by banks to automate repetitive and rule-based tasks
such as data entry, compliance reporting, document checks, customer processing (KYC) knowledge (KYC),
customer pollution, and more. For example, tasks that previously required multiple human employees and tasks
over a few hours can be performed using a minimal error quota. After integrating RPA and Al solutions, banks such
as Kotak Mahindra and Indusind Bank reported significant productivity gains and cost savings for back-office
processes.

Al supports decisions through advanced analytics. Predictive models help banks predict customer behavior,
optimize branch performance, allocate resources, and assess market trends. The ability to visualize and interpret
large data records allows management to create data-controlled decisions that improve competitiveness and
mobility. As a result, Al has become a strategic enabler for banks to quickly innovate and expand services in a
dynamic environment. Infrastructure remains a major concern, especially for small banks and cooperative
institutions that lack technical skills and investment capital for the implementation of Al systems. Rural areas
continue to have low digital connectivity and limit the effectiveness of Al-controlled banking tools. Delivering Kl
requires expertise in data science, machine learning, cybersecurity, and rare software engineering skills within
traditional bank employees. Reskilling programs are limited, and extracting technical talent remains a challenge,

especially for public sector banks.

Data protection and ethical considerations are also considerable. Using personal data to create Al-based profiles
and make decisions raises concerns about consent, abuse, and algorithm distortion. Although India currently lacks
a comprehensive legal framework for the ethical use of Al in banking, RBI offers several preliminary guidelines.
Without robust adjustment and transparency mechanisms, there is a risk that Al will be misused or provide unfair
outcomes. In situations involving conflicts, complaints or complex decisions, it can be stopped by people who are

not familiar with human interfaces, especially digital systems. However, adoption scope and maturity vary widely
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across institutions. Private sector banking and fintech startups are generally due to their first digital approaches, but
many public and rural banks remain in the early stages of acquisitions. Effectiveness depends on the availability of
guality data, the regulatory environment, organizational culture, and digital motivation of both employees and
customers. Al offers the possibility to democratize access to banking services, but it can also strengthen inequality
if not thoughtfully implemented. This provides an unprecedented opportunity to improve efficiency, reduce fraud,
personalize services and expand financial access. At the same time, new risks and ethical dilemmas will be
introduced that must be managed by robust governments, including design and sustainable investment in digital
infrastructure and human capital. The future success of Al in Indian banking depends on the institution's ability to
harmonize innovation with responsibility and ensure technological advancements benefit from all segments of

society.
V. RESULT AND DISCUSSION

The results show that Al technology has had a transformative impact on the delivery of customer service for Indian
banks. Al-powered chatbots, virtual assistants and self-service tools have allowed banks to support around clocks,
significantly reducing response times and increasing customer satisfaction. These results are consistent with
previous research that highlighted the potential of Al in improving customer experiences through real-time,
multilingual, and personalized support (e.g. Sharma & Agarwal, 2020). Large banks like HDFC, SBI and ICICI
have launched Al-based tools that not only handle thousands of queries every day, but also bring justice to users in
local languages. This demonstrates the growth in the maturity of Al technology and its ability to serve India's
multilingual, socioeconomic diverse customer base. However, this argument highlights the risk of alienating fewer
digitally formed customers, particularly in rural and low-income segments that may prefer human interaction.
Therefore, a hybrid model combining Al and human support can provide a more integrated approach. The ability
for Al to analyze large data records and identify suspicious transactions in real time has proven effective in
minimizing losses through fraud. This fits global trends and academic findings that support superior performance
of Al in pattern and anomaly recognition compared to traditional rule-based systems (Jain & Kundu, 2021). Al
systems help banks actively recognize and prevent fraud through real-time monitoring and adaptive learning
algorithms. Furthermore, Al tools are increasingly being used for internal risk management. B. Approval of fraud
or manipulation of abnormalities by employees. These skills contribute to establishing institutional trust and
operational resilience, especially in a constantly controlled regulatory environment. The traditional credit system in
India often excludes informal employees, major loans, and individuals who have no credit history. Al deals with
this gap by assessing creditworthiness using alternative data such as mobile use, transaction behavior, and digital

payment patterns. Fintech companies and Progressive Bank are now able to achieve these customers through their
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Al digital credit platform. The results support the findings of studies such as Mehta (2022), who argued that Al can

advance financial integration by creating more accurate and integrated credit models. However, this argument
should improve the risks of opaque algorithms and biased decisions that could increase existing social inequality if
not properly monitored and regulated. From compliance and document robotic process automation (RPA) to
predictive analytics machine learning, KI Banks helps you optimize operations, reduce costs and communicate HR
to higher quality tasks. Banks that invest in Al report faster processing times, reduced errors and increased
productivity. These results are consistent with global trends reported by consulting companies such as McKinsey
and Deloitte. These projects can achieve up to 30% savings on banking over the next decade.

However, the Indian experience is uneven. While private sector banks and fintech startups lead Al integration, many
public sector banks are still at infrastructure and bureaucratic hurdles. The discussion suggests that the success of
increasing the efficiency of Al control depends on organizational agility, management care, and strategic
investments in digital transformation. This includes infrastructure restrictions, particularly in rural branches. A
shortage of experienced professionals. and the lack of a clear, uniform regulatory framework. The causes of data
protection, algorithm distortions, and lack of transparency were also given as critical issues in the literature. The
Reserve Bank of India currently publishes basic guidelines on data protection and digital governance, but there are
no commitment guidelines on ethics used in banking. The discussion highlights how important it is to develop
transparent, explainable and fair Al systems. Without this there is a risk that instead of Al solving them, Al can
undermine trust and expand existing inequality. If Al control systems are becoming more common, banks should
invest in sensitization campaigns and digital training, particularly for endangered customer segments. Ethical and

integrative use is important to ensure that the benefits of Al are distributed fairly.
VI. CONCLUSION

This study on the role of artificial intelligence (Al) in Indian banking services provides a comprehensive
understanding of how Al transforms the financial sector of the country. Through analysis of qualitative secondary
data from scientific articles, academic journals and reliable industry reports, this study uncovered the diverse impact
of Al on key regions within Indian banks. This includes a broader framework for customer service, fraud
recognition, credit rating, operational efficiency, and challenges and limitations. Banks such as SBI, HDFC, ICICI,
AXIS use these technologies to provide efficient and accurate responses to customer inquiries around the clock.
Not only does Al reduce the burden on customer service teams, it personalizes the bank's experience by analyzing
user behavior, transaction patterns and preferences. This is especially important in a diverse country like India. In
countries like India, the customer base ranges from urban users that are highly technically rich enough to reach

individuals in rural areas with limited digital access. Given the rise in online banking and digital transactions, the
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ability of Al to recognize suspicious activity in real time through machine learning and data analysis is invaluable.
Indian banks are increasingly relying on Al systems to monitor anomalies, prevent cybercrime and ensure
compliance. This has improved the security and reliability of the digital bank platform. This is a key component to
encouraging more people to take digital financial services. In the past, India's traditional credit model has ruled out
millions of people who lack formal employment documents and credit history. Al allows you to assess credit
effectiveness using alternative data such as mobile phone use, digital payment behavior, and social media presence.
This innovation has proven to be transformative for microfinance institutions, NBFCS and fintech startups, and will
help them reach the sector community and lead them to a formal banking system. Therefore, Al not only improves
efficiency, but also improves social and economic inclusion. Robot Process Automation (RPA) applies to tasks such
as KYC checks, credit processing, and compliance checks. This has faster processing times, improved accuracy and
improved resource allocation. Al control analytics supports strategic decision-making, predict trends, manage risks,
and allow you to understand customer needs more effectively. This includes the gaps in infrastructure in rural and
semi-urban areas, the lack of qualified professionals, and the lack of robust regulatory framework conditions unique
to Al. Ethical concerns related to data protection, algorithm distortions, and transparency in Al creation are also
growing. As banks are increasingly collecting and processing large amounts of customer data, strict and ethical
guidelines are extremely needed to ensure fairness and accountability. Private sector banks and fintech companies
lead to innovation and adoption, but many public sector banks are still in the early stages of digital transformation.
By removing this imbalance, calibrated efforts by financial institutions, political decision-making - manufacturers

and technology providers should invest in the design of digital infrastructure, training and integrated technology.

The conclusion confirms that Al is a groundbreaking force in the Indian banking industry. It offers the potential to
significantly improve service delivery, improve operational performance, reduce risk and increase access to
financial services. However, successful implementation depends on responsible use, regulatory oversight, ethical
orientation, and integration strategies that do not have population segments behind. The results of this study suggest
that banks need to not only adopt Al technology, but also develop an overall vision to integrate innovation into
ethical values and social goals. Thus, Al is not only a tool for profit and efficiency, but also a catalyst for integrated

growth, financial strengthening and long-term resilience of the Indian banking sector.
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ABSTRACT

Artificial intelligence's (Al) quick development has started to change hiring practices in a number of
industries, including higher education. The use of Al-powered technologies in academic institutions'
Lecturer selection process is critically examined in this paper. The study examines four main aspects using
a descriptive and qualitative analysis of secondary data: the kinds of Al technologies employed, Al-
automated selection criteria, typical implementation issues, and the perceived results of incorporating Al
in recruiting. Frequency and percentage distributions were used to analyse a sample of 80 categorised
data points. The results show that the most common technologies used to assess research credentials and
academic qualifications are machine learning algorithms and natural language processing. Even while
Al helps with efficiency gains and better candidate matching, there are still a lot of drawbacks, including
algorithmic bias, opaqueness, and institutional opposition. The study comes to the conclusion that while
Al may improve impartiality and fairness in the selection of lecturers, its use must be supported by strong
ethical guidelines, open procedures, and human supervision to preserve academic integrity and
inclusivity. For legislators and administrators in higher education who want to strike a balance between
technological innovation and equitable and efficient hiring procedures, this study provides insightful

information.

Keywords- Artificial Intelligence (Al), Higher Education Recruitment, Lecturer Selection, Al in Academic
Hiring, Machine Learning Algorithms, Bias in Al Recruitment.

1. INTRODUCTION

Higher education institutions' hiring and selection of lecturers are crucial procedures that have a direct

bearing on the calibre of instruction, scholarly output, and general academic excellence. These procedures
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have historically mostly depended on human committees evaluating them manually, which can be
laborious, arbitrary, and prone to unconscious biases. Aurtificial Intelligence (Al) technology have
revolutionised hiring procedures in recent years, offering improved objectivity, efficiency, and data-driven
decision-making. Academic hiring systems are increasingly incorporating Al-powered hiring tools,
including as predictive analytics, machine learning algorithms, and natural language processing, to

expedite the screening and selection of candidates.

However, there are significant concerns about transparency, equity, and the possible reinforcement of
pre-existing biases in algorithmic systems when using Al for hiring. Although Al presents chances for
creativity in hiring lecturers, there hasn't been much critical analysis of the technology in the context of
higher education. In order to close this gap, this study critically examines the application, difficulties, and
results of Al-powered hiring procedures, particularly with regard to the selection of lecturers in colleges

and universities.
1.1.Background of the Study

Globally, higher education institutions are under increasing pressure to hire highly skilled instructors who
can support student achievement and satisfy changing academic expectations. Many institutions are using
Al-driven solutions to help in recruitment because of the number and complexity of applications as well
as the requirement for objective evaluation. With the goal of lowering human labour costs and increasing
the precision of candidate assessments, these technologies automate a number of hiring processes,

including resume screening and interview scheduling.

Notwithstanding these benefits, there are operational and ethical issues with integrating Al. There are
growing concerns about algorithmic bias, opaqueness, data privacy, and whether Al is sufficient to
evaluate the complex aspects of research and teaching ability. Policymakers, administrators, and
stakeholders in higher education must comprehend how Al tools affect lecturer selection results in order
to guarantee fair and efficient hiring procedures.

1.2. Objectives of the Study

The primary objectives of this study are:
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1. To identify and analyse the types of Al technologies employed in lecturer hiring within higher

education.
2. To evaluate the key selection criteria automated by Al tools in the recruitment process.

3. To critically examine the challenges and ethical considerations associated with Al-powered

lecturer selection.

4. To assess the perceived outcomes and impacts of Al integration on the efficiency and fairness of

lecturer hiring decisions.
2. LITERATURE REVIEW

Aithal and Aithal (2023) examined how best to employ Generative Pre-trained Transformers (GPTs)
with artificial intelligence as research and teaching assistants in higher education. Their study focused on
how academic and administrative work could be streamlined by academics using Al techniques. They
discovered that effective use of GPTs increased output, raised the standard of research assistance, and
encouraged creative teaching strategies, particularly in the areas of content production, evaluations, and

feedback systems.

Saaida (2023) explored the major prospects and difficulties presented by the Al-driven changes taking
place in higher education. According to the study, Al has the potential to eliminate resource availability
gaps, enhance institutional effectiveness, and personalise learning. Nonetheless, the study also brought to
light important obstacles such educators' reluctance to use new technologies, infrastructure constraints,

and data privacy issues.

Singh (2023) centred on how artificial intelligence can revolutionise the field of education. The study
described how Al was changing conventional teaching-learning settings by automating academic tasks,
utilising predictive analytics, and developing adaptive learning platforms. The author came to the
conclusion that although Al had previously unheard-of advantages for improving institutional results and

student engagement, its implementation challenges and ethical ramifications needed careful consideration.

Jain et al. (2025) examined how Al is used in higher education, highlighting how it may be used for

research, administration, and academic purposes. Their input demonstrated the growing use of Al by
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educational institutions for curriculum development, student support services, and even hiring procedures.
They pointed out that while integrating Al improved operational efficiency and allowed for data-driven

decision-making, issues like algorithmic bias and the requirement for faculty up skilling remained.
3. RESEARCH METHODOLOGY

A descriptive research technique was used to evaluate the use of Al-powered hiring procedures in higher
education, namely in the selection of lecturers. This method makes it possible to systematically assess
documented Al applications, their functional roles in hiring, and the problems and results that come with
them. Instead of using direct survey responses, the methodology is intended to offer insights based on
categorised data, guaranteeing a theoretical but supported viewpoint on the use of Al in academic

recruiting.
3.1.Research Design

The integration of Al technologies in lecturer recruitment across higher education institutions is explored
and interpreted in this study utilising categorised frequency data and a qualitative-descriptive research
design. Based on secondary data sources, the objective is to present an organised examination of Al tools,

selection criteria, operational difficulties, and observed results.
3.2.Sample Size

Four major analytical themes—Types of Al technologies employed, Automated selection criteria,
Difficulties in Al-based recruiting, and Perceived consequences of Al implementation—are used to group
the study's sample of 80 data points. Based on these 80 observations, a frequency and percentage
distribution are included for each theme group. These statistics, which show the use of Al in hiring

methods for lecturers, were taken from a variety of academic and institutional sources.
3.3.Data Collection Method

Secondary research conducted at a desk was used to get the data. Academic literature, institutional papers,
policy briefs, documentation for Al recruitment tools, and case studies from universities were among the
sources used. To find pertinent trends and illustrations of Al's use in hiring, only reliable and published

sources were consulted.
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3.4.Data Classification and Analysis

Four main themes emerged from the data collection, and each was examined using frequency and
percentage tables to pinpoint prevailing patterns and practices. This approach made it easier to compare
how various Al tools and standards are used, what obstacles educational institutions encounter, and how

Al is viewed in terms of its efficacy and equity in the selection of lecturers.
3.5.Scope and Delimitations

This study's focus is on hiring lecturers in higher education using Al. It doesn't cover more general hiring
procedures in the corporate or non-academic sectors. The study is limited to secondary data and excludes
direct interviews and field surveys, which improves conceptual clarity but may limit empirical validity.

3.6.Ethical Considerations

There are no ethical concerns with data collecting because the study only uses secondary sources that are
openly accessible. To uphold academic integrity, all references and data points have been chosen from

credible and reliable sources.
4. DATA ANALYSIS

The usage of Al-powered technologies in higher education institutions' lecturer selection process is the
main topic of the analysis. The types of Al technologies used, the primary selection criteria that these
systems automate, the typical difficulties faced, and the perceived results of integrating Al in hiring are
all included in the data that was analysed. These categories' frequency and percentage distributions provide

light on important factors and current trends surrounding the use of Al in academic recruiting.

Table 1: Types of Al Technologies Used in Lecturer Selection

Al Technology Type Frequency | Percentage (%)
Natural Language Processing (NLP) for Resume Screening | 35 43.75
Machine Learning Algorithms for Candidate Ranking 25 31.25
Chatbots for Initial Interviews 10 12.50
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Predictive Analytics for Performance Forecasting 10 12.50
Total 80 100.00

NATURAL LANGUAGE MACHINE LEARNING CHATBOTS FOR PREDICTIVE
PROCESSING (NLP)  ALGORITHMS FOR  INITIAL INTERVIEWS ANALYTICS FOR
FOR RESUME CANDIDATE RANKING PERFORMANCE
SCREENING FORECASTING

Figure 1: Graphical presentation of Types of Al Technologies Used in Lecturer Selection

Table 1 shows that the most popular Al technique for choosing lecturers is Natural Language Processing
(NLP) for resume screening, which accounts for 43.75% of all replies. This emphasises the significance
of NLP in effectively screening applications. The increasing emphasis on data-driven decision-making in
hiring is shown in the 31.25% ranking of machine learning algorithms for candidate rating. 12.5% of
institutions employ chatbots and predictive analytics, indicating that although these technologies are

becoming more popular in academic hiring procedures, their uptake is still quite low.

Table 2: Key Selection Criteria Automated by Al Systems

Selection Criteria Frequency Percentage (%)
Academic Qualifications 40 50.00
Research Publications 20 25.00
Teaching Experience 10 12.50
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Soft Skills (communication, etc.) 10 12.50
Total 80 100.00

ACADEMIC RESEARCH TEACHING SOFT SKILLS
QUALIFICATIONS PUBLICATIONS EXPERIENCE (COMMUNICATION,
ETC.)

Figure 2: Graphical presentation of Key Selection Criteria Automated by Al Systems

Table 2 shows that, with 50% of the responses, academic credentials are the most often used automated
selection factor by Al systems in the hiring of lecturers. This suggests that utilising Al to effectively
validate and evaluate educational qualifications is highly valued. Al's function in assessing scholarly
contributions is shown in the 25% of research publications that follow. Soft abilities like communication
and teaching experience are both automated at a lower rate of 12.5%, indicating that human judgement is
still more important in these qualitative areas. All things considered, the evidence points to the primary

use of Al in the academic employment process for objective, measurable selection criteria.

Table 3: Common Challenges in Al-Powered Hiring

Challenges Frequency Percentage (%)

Bias in Al Algorithms 30 37.50
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Lack of Transparency (Black Box) 25 31.25
Resistance from Hiring Committees 15 18.75
Technical Limitations 10 12.50

Total 80 100.00

BIAS IN Al LACK OF RESISTANCE FROM TECHNICAL
ALGORITHMS TRANSPARENCY  HIRING COMMITTEES LIMITATIONS
(BLACK BOX)

Figure 3: Graphical presentation of Common Challenges in Al-Powered Hiring

Table 3 draws attention to the main obstacles of integrating Al into lecturer hiring procedures. The biggest
worry, mentioned in 37.5% of cases, is bias in Al algorithms, which reflects worries about discrimination
and fairness brought on by faulty or unrepresentative training data. The "black box" problem—a lack of
transparency—comes in second at 31.25%, highlighting the challenges stakeholders have in
comprehending or having faith in Al-driven judgements. 18.75% of hiring committees are resistant,
indicating scepticism or a hesitancy on the part of academic personnel to rely on Al in place of
conventional human judgement.
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Table 4: Perceived Outcomes of Al Integration in Lecturer Hiring

Outcomes Frequency Percentage (%)
Increased Efficiency 35 43.75

Improved Candidate Matching 25 31.25

Reduced Human Bias 10 12.50

Concerns over Fairness 10 12.50

Total 80 100.00

INCREASED IMPROVED REDUCED HUMAN CONCERNS OVER
EFFICIENCY CANDIDATE BIAS FAIRNESS
MATCHING

Figure 3: Graphical presentation of Perceived Outcomes of Al Integration in Lecturer Hiring

The table 4 outlines the alleged results of using Al into the hiring procedures for lecturers. Al dramatically
streamlines hiring by lowering time and administrative burden, as seen by the majority (43.75%) reporting
greater efficiency. A 31.25% improvement in candidate matching was observed, demonstrating Al's
capacity to more precisely match candidate profiles with institutional criteria. It's interesting to note that
only 12.5% of respondents said Al lessened human bias, indicating a lack of faith in its ability to improve
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fairness. problems about fairness were voiced by a comparable number (12.5%), confirming that ethical

problems still exist in spite of automation.
5. CONCLUSION

This paper offers a critical analysis of how Al-powered technologies are incorporated into higher
education institutions' professor selection procedures. It is clear from a descriptive analysis of secondary
data that artificial intelligence (Al) is becoming more and more significant in automating processes like
performance predicting, candidate ranking, and resume screening. According to the analysis, universities
mostly use machine learning algorithms and natural language processing tools to expedite the hiring
process, placing a strong emphasis on measurable standards like research publications and academic
credentials. Significant obstacles to broad adoption are highlighted by issues such algorithmic bias, a lack
of transparency, and opposition from conventional hiring committees. Even though Al helps with better
candidate matching and higher efficiency, questions about fairness and ethical consequences still exist. In
order to ensure that Al supports rather than replaces inclusive, egalitarian, and holistic decision-making
in higher education, its application in academic hiring must be addressed with careful governance,

transparency, and human oversight, even though Al provides promising gains in recruitment.
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