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Analysis of the 
Acquisition of Health 
Alliance Group Inc by 
Reliance Digital Health 
Limited

Anjali Gupta, N.P Singh

Abstract

Reliance Digital Health Ltd (RDHL), a subsidiary of Reliance Industries 
Limited (RIL), has acquired a 45% stake in Health Alliance Group Inc. 
(HAGI) for $10 million in a strategic action to strengthen its position 
in the global digital healthcare landscape. This acquisition is a major 
step in increasing RDHL’s operational effectiveness and broadening its 
reach, especially in underdeveloped areas like the US and India. Because 
of HAGI’s superior telemedicine, diagnostic, and preventive care capabil-
ities, RDHL has the chance to incorporate cutting-edge technologies into 
its service offerings and meet the growing demand for easily accessible, 
technologically advanced healthcare solutions. The aim of this study is 
to investigate the strategic significance of the RDHL–HAGI partnership. 
The research applies an investigative methodology based on secondary 
data collected from industry reports, corporate announcements, financial 
disclosures, and media articles. A fusion of qualitative and quantitative 
techniques, including trend analysis and textual review, is used to eval-
uate the acquisition’s potential impact. The research findings suggest 
that this strategic alliance could significantly contribute to closing 
healthcare gaps in access and promoting a more efficient, inclusive, and 
technology-enabled healthcare ecosystem. Additionally, the partnership 
is predicted to improve RDHL’s competitive positioning in the rapidly 
changing global digital health sector.

Keywords: Acquisition, Digital Healthcare, Telemedicine, Operational 
Efficiency, and Market Expansion.
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Introduction
The global digital healthcare sector has observed a significant transformation in 
recent years, driven by rapid advancements in telemedicine, artificial intelligence, 
data analytics, and remote diagnostics. As healthcare systems across the world 
confront challenges related to accessibility, affordability, and efficiency - especially 
in Underprivileged and rural regions - digital health platforms have emerged as es-
sential tools in bridging these gaps. Preventive care as well as virtual consultations 
grow increasingly popular since they offer scalable and affordable solutions while 
also lessening the strain on the conventional healthcare system. This digital shift 
is further supported by rising investments from both public and private sectors, 
positioning the industry for substantial growth and innovation on a global scale.

In this evolving landscape, Reliance Digital Health Limited (RDHL), a fully-owned 
subsidiary of Reliance Industries Limited (RIL), has identified itself as a disrup-
tive force. With a December 2024 valuation of US$220 billion, RIL has shown its 
ability to have an impact on significant sectors like energy, communication, and 
now healthcare. As part of its strategic expansion, RDHL has announced the ac-
quisition of a 45% stake in Health Alliance Group Inc. (HAGI) for US$10 million 
(Business Standard, 2024; Aoi Venture, 2024; Bizz Buzz, 2024; CNBC-TV18, 2024; 
Domain-b, 2024; and Digital Health News, 2024). Established in 1980 in Dela-
ware, HAGI is a prominent leader in digital health platforms, offering innovative 
telemedicine, diagnostic, and preventative care services primarily to low-income, 
underrepresented groups. In countries like India, the US, and other nations with 
healthcare inequality, the acquisition aligns with RDHL’s overall goal of creating an 
all-encompassing and integrated digital healthcare ecosystem that provides servic-
es that are both accessible and reasonably priced.

This study’s goal is to investigate the strategic significance of RDHL’s investment in 
HAGI and assess how it will impact the company’s operations and standing in the 
global digital healthcare sector. In addition, the study aims to determine how this 
collaboration could encourage the formation of sustainable and scalable healthcare 
solutions, especially in areas with insufficient medical infrastructure. By analysing 
this acquisition, the study is trying to determine if RDHL has the capacity to be-
come a world leader in digital healthcare innovation and to fill important health-
care gaps with technologically advanced solutions.

The overall investigation is determined by ten particular questions that form the 
conceptual framework of the research. These investigations aim to examine several 
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aspects of the transaction, like its operational impact, strategic value, long-term 
vision alignment, innovation integration, and impact on healthcare access. The 
questions are:

•	 Research Question 1: What are the strategic advantages of RDHL acquiring 
a 45% stake in HAGI?

•	 Research Question 2: Can this partnership help RDHL address healthcare 
delivery challenges in underserved global regions?

•	 Research Question 3: How will the integration of HAGI’s technological inno-
vations influence RDHL’s current healthcare services portfolio?

•	 Research Question 4: Does this acquisition align with RDHL’s long-term am-
bition to become a global leader in digital healthcare solutions?

•	 Research Question 5: How does this transaction contribute to RIL’s overarc-
hing vision of leveraging technological innovation to drive growth?

•	 Research Question 6: Will this deal strengthen RDHL’s competitive position 
in the global digital health sector?

•	 Research Question 7: What risks might arise from this acquisition, including 
integration hurdles and competitive pressures in the digital health space?

•	 Research Question 8: How will this collaboration affect RDHL’s operational 
efficiency and market expansion strategies?

•	 Research Question 9: To what extent can this partnership improve healthca-
re accessibility in India and other underserved markets?

•	 Research Question 10: What implications does this partnership have for 
RDHL’s global healthcare strategy?

Literature Review
The literature on mergers and acquisitions (M&As) in the healthcare industry 
is thoroughly reviewed in this section, with a focus on digital innovation and 
cross-border strategic integration. The purpose of this review is to identify the-
oretical perspectives, patterns, and research gaps that are relevant to the current 
study by reviewing prior research and industry reports. Positioning this research 
within the larger academic literature on healthcare M&As and digital transforma-
tion, as well as providing a conceptual basis for assessing Reliance Digital Health 
Ltd.’s (RDHL) acquisition of Health Alliance Group Inc. (HAGI), are the purposes.
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The literature focuses on five main concepts: (1) strategic expansion into under-
developed markets; (2) innovation performance and digital health integration; 
(3) ethical conduct and employee implications; (4) operational efficiency through 
M&A; and (5) current research gaps.

Operational Efficiency Through M&As

According to Barkema and Schijven (2008) and Salleh et al. (2013), mergers and ac-
quisitions (M&As) enhance technical efficiency through the integration of technol-
ogy, infrastructure, and human capital. Reduced expenses, resource optimisation, 
and the growth of synergy are the means by which these efficiencies are accom-
plished. According to recent research, strategic acquisitions like RDHL-HAGI can 
greatly enhance service delivery mechanisms in the context of digital healthcare, 
especially in domains with limited access (Angel One, 2024; Medical Buyer, 2024).

Digital Health Integration and Innovation

The primary justification for M&A in the high-tech and healthcare sectors is in-
novation. Innovation may be helped or hampered by the scope and nature of the 
acquired firm’s knowledge base, according to Cloodt et al. (2006). After COVID-19, 
companies prioritise acquiring digital health capabilities as a competitive need, ac-
cording to recent industry reports. According to Business Standard (2024), RDHL 
can enhance its innovation performance by applying HAGI’s technology develop-
ments in diagnostics and telemedicine.

Ethical Conduct in Healthcare M&As

It is additionally well-known that behavioural integrity has a significant impact 
on M&A success. Organizational trust and the ethical management of transitions 
have a strong connection, according to Lin and Wei (2006). Promoting high eth-
ical standards becomes crucial in the healthcare industry, where privacy, regula-
tory compliance, and personnel security are crucial. In accordance with industry 
reviews, ethical transparency during integration affects public impression as well 
as internal efficiency (McKinsey & Company, 2020).

Strategic Expansion Into Underserved Markets

In the opinion of the WHO (2021), digital health is the driving force behind the 
expansion of healthcare access in underprivileged communities. Following the year 
2020, companies have used mergers and acquisitions (M&A) much more frequent-
ly as a means of entering underserved and emerging markets strategically. Global 
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parallels are offered by Singh (2014a, 2014b, 2015a, 2015b, 2017, 2019), where 
technology companies have acquired assets to scale quickly across geographies. In 
the case of Lenovo’s following acquisitions of Motorola Mobility and IBM’s x86 
server division, it allowed it to gain a competitive presence in both emerging and 
Western markets, while Microsoft’s acquisition of Nokia made it possible to enter 
the smartphone market. The above situations illustrate how cross-border acqui-
sitions can be used as strategic instruments to enter untapped client niches and 
assimilate new technologies. In a comparable manner, RDHL’s purchase of a 45 
percent share in Health Alliance Group Inc. (HAGI) is part of a bigger plan to target 
underserved digital populations in Africa, the U.S., and India (Mint, 2024; Eco-
nomic Times, 2024; MSN, 2024). In domains without solid physical healthcare sys-
tems, RDHL is well-positioned to address infrastructure gaps in healthcare delivery 
by combining Reliance’s present infrastructure and market access with HAGI’s tele-
medicine and diagnostic platforms. The adoption of M&A to scale technologies and 
promote inclusive health outcomes is a global trend that this fits with.

Identified Gap in Literature

Although research on M&A in the healthcare sector increases, only a few percent of 
studies focus on cross-border digital health acquisitions completed by developing 
market companies. The vast majority of the literature that is accessible right now 
focuses on pharmaceutical sector integrations or Western acquisitions. Thus, the 
RDHL–HAGI agreement is a rare instance of a major Indian company using ad-
vanced technology from abroad to fill healthcare gaps both domestically and inter-
nationally. A real-time, data-supported investigation of strategic digital healthcare 
expansion through acquisition is presented by this study, assisting in closing that 
gap.

Research Methodology 
This study explores Reliance Digital Health Ltd.’s (RDHL) strategic acquisition of 
a 45% share in Health Alliance Group Inc. (HAGI) employing an exploratory and 
descriptive approach. The methodology aims to employ secondary data sources to 
examine the acquisition’s consequences on strategy, operations, and innovation.

Type of Study

The present study adopts a descriptive and exploratory methodology. Given that 
RDHL’s acquisition of HAGI is a recent development in the area of digital health-
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care, the exploratory component is appropriate. The use of descriptive design is 
particularly important because its purpose is to better understand the acquisition’s 
overall market consequences, technology fit, and strategic goal. An organised un-
derstanding of the structures and information at present is made possible by this 
design. All of these methods are combined to facilitate a more thorough examina-
tion of the case’s both quantitative and qualitative components.

Data and Data Sources

The study only uses secondary data. These include formal corporate press releases, 
investor presentations, annual reports, and regulatory filings, all of which offer 
trustworthy and verified information on the deal. Additionally, news articles and 
sector reports from verified sources such as Business Standard, Mint, CNBC-TV18, 
Medical Buyer, and Angel One are used to supplement and triangulate the data. The 
selection of these sources is to maintain stability between third-party analysis and 
the organisation disclosure. For this preliminary strategic evaluation, secondary 
data is both suitable and economical.

Time Frame of Analysis

This research utilised data from December 2023 to February 2025. The most im-
portant phases of the acquisition that are represented throughout this time period 
include the announcement, public disclosure, stakeholder reactions, and short-
term developments. By analysing this period of time, the researcher can investi-
gate the impacts on strategic direction, stock performance, and market perception 
that occur instantly and in the initial phases after an acquisition.

Tools and Techniques of Analysis

In the present research, both qualitative and quantitative methods are employed. 
The overall strategic direction of RDHL and the contribution of the acquisition to 
the expansion of its healthcare reach can be visualised via trend mapping. The in-
tegrated use of these tools offers multiple perspectives on the potential outcomes 
of the partnership.

Validity and Reliability

The analysis has depended entirely on validated and confirmed sources to ensure 
their accuracy. Announcements on official company websites, regulatory disclo-
sures, and annual reports are all considered highly reliable. To decrease biases and 
deception, these were compared to unbiased news reports from trustworthy media 
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sources. The findings’ consistency and authenticity are enhanced by this multifac-
eted strategy. The incorporation of confirmed and publicly available content fur-
ther supports the research’s potent methodology.

Theoretical Framework

Furthermore, the following previous research findings and theories that focus on 
the dynamics of mergers and acquisitions in the pharmaceutical and healthcare 
industries are utilised in the analysis of the RDHL-HGAI agreement.

Technical Efficiency: Engaging in merger and acquisition (M&A) activities is fre-
quently viewed as an approach that increases relative technical efficiency, which 
ultimately results in higher revenue growth. According to Barkema and Schijven 
(2008) and Salleh et al. (2013), M&As can motivate companies to increase oper-
ational efficiency, which will enhance their competitive edge and market perfor-
mance through the integration of complementary competencies, economies of 
scale, and better resource allocation.

Innovative Performance: Cloodt et al. (2006) suggest that non-technological 
M&As frequently have an adverse impact on the acquiring firm’s post-M&A inno-
vation when it comes to innovating performance. The size of the acquired knowl-
edge base, however, plays an important role in technical M&As; if it is substantial 
in comparison to the acquiring company, it may potentially limit the firm’s ability 
to innovate because of problems with integration and potential knowledge over-
load.

Ethical Conduct: According to Lin and Wei (2006), there is a significant connec-
tion between employee job performance and the ethical conduct that occurs during 
M&As. According to their research, keeping high ethical standards during the M&A 
process is essential since it has a direct impact on employee trust, morale, and pro-
ductivity, all of which have an effect on the acquisition’s overall performance.

Growth of RDHL
Reliance Digital Health Limited (RDHL), a subsidiary of Reliance Industries Limit-
ed (RIL), is strategically positioned as a leading force in the rapidly advancing digital 
healthcare sector, with a particular focus on underserved and emerging markets. 
The growing demand for telemedicine, digital diagnostics, and remote healthcare 
solutions has opened up significant opportunities for RDHL to expand its glob-
al reach. Healthcare technology adoption in regions such as India and the U.S. is 
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projected to grow by more than 20% annually, with underserved areas presenting 
the greatest potential for market penetration. By aligning its strategy with these 
trends, RDHL has crafted a comprehensive growth plan that combines organic ex-
pansion through technological innovation with inorganic growth via strategic ac-
quisitions, including its recent investment in Health Alliance Group Inc. (HAGI).

RDHL’s strategy to target key segments within the healthcare market is clear 
through its emphasis on telemedicine, diagnostics, remote care, and health man-
agement platforms. As illustrated in Table 1, these segments are poised for sub-
stantial growth, especially in underserved rural and urban markets.

Table 1.

Market Segments Targeted by RDHL for Digital Healthcare Growth (December 2024)

Industry Telemedicine Diagnostics Remote 
Care

Health Management 
Platforms

Rural Healthcare 40% 30% 25% 5%

Urban Underserved 35% 25% 30% 10%

Established Markets 20% 35% 30% 15%

Global Public Health 15% 25% 40% 20%

Source: Compiled and adapted according to Business Standard (2024), Angel One 
(2024), CNBC-TV18. (2024), and Digital Health Alliance (2024). 

RDHL’s growth can also be attributed to a series of strategic milestones and in-
itiatives, which highlight its commitment to becoming a global leader in digital 
healthcare. These include investments in cutting-edge telemedicine platforms, di-
agnostics networks, and global partnerships to address critical healthcare gaps.

The growth strategy of RDHL is a complementary approach, with its organic ex-
pansion supported by its inorganic growth through acquisitions. For example, the 
development of telemedicine platforms expands RDHL’s reach in rural regions, and 
the acquisition of HAGI offers it access to cutting-edge digital health technologies 
that enhance its telemedicine and diagnostics capabilities.

RDHL has the potential to become a global leader in digital healthcare through 
its combined efforts in technological advancement and strategic acquisitions. The 
growth promotes Reliance Industries’ overall goal for employing technology to en-
courage social impact and economic growth in further improving RDHL’s position 
in the health care sector. Globally, RDHL is improving health equity and reducing 
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healthcare gaps due to its strong market focus, innovative collaborations, and solid 
infrastructure.

Table 2.

Key Milestones in RDHL’s Growth Trajectory

Year Initiative Objective Outcome

2024 Acquisition of 
HAGI (45% 
Stake)

Leverage HAGI’s expertise 
in telemedicine and diag-
nostics to expand globally

Entry into underserved 
regions, targeting India, 
the U.S., and Africa

2023 Launch of 
Telemedicine 
Platforms

Address rural healthcare 
challenges in India

Delivered over 1 million 
consultations in the first 
year

2023–
24

Expansion 
of Digital 
Diagnostics 
Network

Establish diagnostics hubs 
in Tier 2 and Tier 3 cities

Improved access to 
affordable healthcare 
diagnostics in underserved 
areas

2022 Partnerships 
with AI-Based 
Healthcare 
Providers

Deliver personalized, 
data-driven healthcare 
solutions

Enhanced service offerings 
in predictive and preven-
tive care

Source: Compiled and adapted according to Business Standard (2024), An-
gel One (2024), CNBC-TV18. (2024), Economic Times (2024), Medical Buyer 
(2024), and Mint (2024). 

Results and Discussion

RDHL Deals of the Past

RDHL’s success in the digital health care sector might be related to its growth-ori-
ented policies that promote technological advancement and the smooth integra-
tion of acquired business assets, like platforms, products, technology, and skills. 
The reality that RDHL acquired an important part of Health Alliance by Reliance 
(HAGI) is evidence of its commitment to employing digital health solutions to ex-
pand its presence in areas of disadvantage.

This imperative partnership aligns with RDHL’s goal of addressing critical gaps in 
healthcare access, leveraging the abilities of HAGI to enhance its offerings. By in-
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vesting in underserved markets, RDHL is setting up the foundation for a broad-
er ecosystem of telemedicine and diagnostics. As of March 2023, Reliance Digital 
Health Limited had 1,617.19 million equity shares of ₹10 each, with a total value 
of ₹18.6 billion. Also, as of March 2024, the company kept 1,617.19 million equity 
shares of ₹10 each, amounting to ₹18.6 billion (Reliance Industries Limited, 2024).

Table 3 presents a comparative analysis of RDHL’s significant strategic deals, pre-
senting their terms, objectives, and results. This approach reflects the growth strat-
egies of global technology giants, which have consistently implemented inorganic 
growth paths to enhance their market share.

Table 3.

Reliance Digital Health’s Investment in Health Alliance Group: Deal Overview

Parameters Health Alliance by Reliance

Value $10 million

Year 2024

Payment Equity acquisition (45% stake in HAGI)

Objective Strategic move to strengthen presence in under-
served regions through digital health solutions

Stage of the Deal Expected to close within two weeks, contingent 
on customary closing conditions

Non-listed/Listed Non-listed

What is in the deal for RIL/
RDHL

Expanding digital healthcare offerings, leverag-
ing HAGI’s technology for underserved regions

Source: Compiled and adapted according to Business Standard (2024), Angel One 
(2024), CNBC-TV18. (2024), Economic Times (2024), Medical Buyer (2024), Mint 
(2024) & Digital Health Alliance (2024). 

Reliance Digital Health Ltd (RDHL), a subsidiary of Reliance Industries Ltd, has 
made a strategic move by acquiring a 45% equity stake in Health Alliance Group 
Inc. (HAGI) for $10 million (Economic Times, 2024; Angel One, 2024; Medical 
Buyer, 2024; Mint, 2024; Business Standard, 2024). This acquisition underscores 
RDHL’s commitment to expanding its digital healthcare footprint, with a focus on 
underserved regions by leveraging HAGI’s innovative healthcare technology solu-
tions. HAGI, incorporated in Delaware in December 2023, specializes in address-
ing critical gaps in healthcare access globally, particularly in the United States and 
India. The transaction, expected to close within two weeks, subject to customary 
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conditions, aligns with RDHL’s vision of establishing a robust ecosystem for tele-
medicine and diagnostics (Digital Health Alliance, 2024). This investment repre-
sents RDHL’s ongoing efforts to bridge healthcare disparities through targeted 
technology-driven initiatives.

The Deal to Acquire Health Alliance 

Reliance Digital Health Ltd (RDHL), a subsidiary of Reliance Industries Ltd, has 
entered into a strategic contract to acquire a 45% equity stake in Health Alliance 
Group Inc. (HAGI) for $10 million. This acquisition is part of RDHL’s strategy to in-
crease its digital healthcare contributions, particularly in underserved areas (Mint, 
2024; Business Standard, 2024; Money Control Hindi, 2024). HAGI, established in 
Delaware in 2023, emphasizes providing technology-driven healthcare solutions 
to underserved populations in the United States, India, and other worldwide mar-
kets. The partnership is aimed at enhancing RDHL’s telemedicine and diagnostic 
capabilities, contributing to a broader ecosystem for digital healthcare (Angel One, 
2024; Digital Health Alliance, 2024). The deal was likely to close within two weeks, 
contingent on customary closing conditions (Medical Buyer, 2024). This deal was a 
show of RDHL’s commitment to fill critical gaps in healthcare access and leveraging 
technology to improve healthcare delivery (Economic Times, 2024; Reuters, 2024). 

Why RDHL Acquires a Stake in Health Alliance

Reliance Digital Health Ltd. (RDHL), a subsidiary of Reliance Industries Ltd., ac-
quired a 45% stake in Health Alliance Group Inc. (HAGI) for $10 million, with stra-
tegic aims. The major motives behind this deal, as stated by experts, professionals, 
and social media, are as follows:

Expansion into Underserved Markets: RDHL, which already has a significant 
presence in India, aims to further expand its footprint in underserved healthcare 
markets, both within and outside India. It could also reach developing markets by 
way of creating networks of similar healthcare providers. HAGI’s technology-driv-
en healthcare solutions, which are in line with filling technological gaps of RDHL, 
are in sync with RDHL’s goals (Mint, 2024; Economic Times, 2024). RDHL is confi-
dent that this acquisition will enable it to rapidly scale up its offerings and provide 
affordable, quality healthcare in regions where access to state healthcare services 
is limited.

Technological Synergy: RDHL seeks to leverage HAGI’s advanced healthcare 
technology to enhance its telemedicine and diagnostic platforms. The integration 
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of HAGI’s solutions into RDHL’s existing infrastructure is expected to improve 
service delivery, streamline healthcare access, and drive innovation within RDHL’s 
digital healthcare ecosystem (Business Standard, 2024; Digital Health Alliance, 
2024). The combination of RDHL’s resources and HAGI’s cutting-edge solutions 
will enable both companies to offer integrated, tech-enabled healthcare services 
more effectively. However, it depends on the quality of integration of different lay-
ers, including the integration of abilities and skills of manpower.  

Building a Global Healthcare Ecosystem: By acquiring HAGI, RDHL is position-
ing itself as a leader in the digital healthcare sector. This strategic acquisition will help 
RDHL build a global healthcare ecosystem that provides telemedicine, diagnostics, 
and other healthcare services across borders. RDHL’s investment in HAGI comple-
ments its vision of creating a seamless, integrated global healthcare delivery network 
that bridges gaps in care for underserved populations (Angel One, 2024).

Diversification of Healthcare Portfolio: With the growing demand for digi-
tal healthcare solutions, RDHL’s acquisition of HAGI will diversify its healthcare 
offerings. By broadening its portfolio to include HAGI’s technology-driven solu-
tions, RDHL aims to strengthen its competitive position in the fast-evolving digital 
health market (Medical Buyer, 2024). This expansion is seen as crucial to RDHL’s 
strategy of staying ahead of emerging healthcare trends and tapping into new busi-
ness opportunities.

Strategic Long-term Growth: In the opinion of RDHL, this acquisition is in line 
with its broader strategy of inorganic as well as organic growth, parallel to the ap-
proach followed by global technology companies. Similar to the strategies of large 
companies like Microsoft, Google, and Verizon, RDHL realizes that HAGI’s inno-
vative platform is a means to accelerate its growth path in the digital healthcare 
space (Digital Health Alliance, 2024). By making an investment in HAGI, RDHL 
goals to not only expand its market reach but also develop more capabilities and an 
expanded business model in the healthcare industry.

Impact of the deal on RDHL and its Operations

The acquisition of a 45% stake in Health Alliance Group Inc. (HAGI) by Reliance 
Digital Health Ltd (RDHL) is expected to have a significant influence on RDHL’s 
operations, aligning it as a stronger player in the global digital healthcare market. 
This acquisition is in line with RDHL’s long-term strategy of expanding its presence 
in underserved healthcare markets and improving its digital health solutions. The 
impact of this contract can be analysed through several important magnitudes, in-
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cluding operational synergies, market expansion, technological enhancement, and 
long-term growth potential.

Operational Synergies and Integration

The acquisition is well-positioned to create substantial operational synergies be-
tween RDHL and HAGI, primarily in the combination of HAGI’s innovative health-
care technologies with RDHL’s existing infrastructure. By merging their resources 
and expertise, RDHL can rationalize healthcare delivery, increase operational effi-
ciency, and leverage HAGI’s platform to enhance service availability. As known by 
experts, the acquisition will increase RDHL’s telemedicine and diagnostic services, 
which are central to its business model (Business Standard, 2024). These synergies 
are expected to accelerate RDHL’s ability to provide scalable, tech-driven health-
care solutions across different geographies, especially in regions where access to 
quality healthcare is limited (Digital Health Alliance, 2024). 

This quote supports the finding that such integration will streamline healthcare 
delivery and increase RDHL’s efficiency in underserved regions.

Market Expansion and Geographic Reach

The strategic shift to acquire a stake in HAGI will significantly increase RDHL’s mar-
ket expansion abilities, primarily in the United States and other universal markets. 
By Leveraging into HAGI’s developing networks and customer base, RDHL can boost 
its entry into these markets and expand its influence in the digital healthcare sector. 
RDHL aims to leverage HAGI’s expertise in expressing healthcare access gaps, which 
aligns with its broader objective of enhancing healthcare accessibility in underserved 
regions (Mint, (2024). This environmental diversification is likely to stabilize RDHL’s 
competitive positioning, supporting it to create a healthier presence in the global 
healthcare market. MSN (2024) and Business Upturn (2024) emphasized that this 
deal is part of RDHL’s broader effort to enhance its global reach by leveraging inno-
vative telemedicine and diagnostics platforms. As reported by Business Upturn, this 
move enables RDHL to align with the fast digitization of healthcare and target geo-
graphic regions where healthcare access remnants a challenge, thus strengthening its 
occurrence in both established and emerging markets.

This reinforces RDHL’s strategic intent to grow its geographic footprint through 
partnerships with regionally established players.
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Technological Enhancement and Innovation

Technological integration is another crucial driver of this acquisition’s impact on 
RDHL. HAGI’s advanced healthcare technology solutions, including telemedicine 
and diagnostics, are expected to complement RDHL’s available offerings and in-
crease its digital health ecosystem (Angel One, 2024). The acquisition will enable 
RDHL to integrate cutting-edge technology into its operations, making it quicker 
and more responsive to changing healthcare demands. This technological develop-
ment aligns with RDHL’s vision of becoming a leader in digital healthcare, permit-
ting it to develop innovative solutions that present gaps in healthcare access and 
improve patient results (Medical Buyer, 2024).

This reflects how RDHL is enhancing its innovation capability and patient service 
standards through this deal.

Long-term Growth and Strategic Positioning

After a strategic perception, this acquisition strengthens RDHL’s position in the 
digital healthcare sector, providing it with a platform for long-term growth. Paral-
lel to other global technology companies, RDHL has followed a non-organic growth 
strategy by acquiring strategic assets, like HAGI, to expand its portfolio and in-
crease its capabilities (Economic Times, 2024). This deal is expected to not only 
improve RDHL’s digital healthcare contributions but also help it stay ahead of com-
petitors in the fast-evolving market. With the combination of HAGI’s solutions, 
RDHL is well-positioned to capitalize on the rising demand for digital health ser-
vices, which are expected to play a progressively important role in global healthcare 
delivery in the coming years (Business Standard, 2024). 

This finding indicates that RDHL is setting itself up for long-term positioning in 
the global healthcare value chain.

Stock Market Response to the RDHL-HAGI Acquisition: Impact on RIL’s 
Share Price

A significant impact of this acquisition has been felt in the market response to Re-
liance Industries Ltd (RIL), RDHL’s parent company. Subsequent to the announce-
ment, RIL’s share price experienced a rise of over 1%, signifying strong investor 
confidence. Table 4 demonstrates the variations in RIL’s share price together with 
market directories on NSE and BSE during this period:
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Table 4.

Stock Market Reaction to RDHL-HAGI Acquisition: Impact on RIL’s Share Performance

Date Share Price Market Index on NSE Market Index on BSE
Dec 03, 2024 1,323.30 24,367.50 80,529.20
Dec 04, 2024 1,308.95 24,488.75 81,036.22
Dec 05, 2024 1,322.05 24,539.15 81,182.74
Dec 06, 2024 1,311.55 24,729.45 81,575.96
Dec 09, 2024 1,295.15 24,633.90 81,602.58
Dec 10, 2024 1,284.85 24,652.65 81,575.96
Dec 11, 2024 1,278.20 24,620.50 81,568.39
Dec 12, 2024 1,262.90 24,604.45 81,476.76
Dec 13, 2024 1,272.85 24,498.35 81,212.45
Dec 16, 2024 1,268.30 24,753.40 82,000.31
Dec 17, 2024 1,245.30 24,584.80 81,511.81
Dec 18, 2024 1,253.25 24,297.95 80,666.26
Dec 19, 2024 1,230.45 23,877.15 79,029.03
Dec 20, 2024 1,205.30 23,960.70 79,335.48
Dec 23, 2024 1,222.30 23,738.20 78,488.64
Dec 24, 2024 1,222.75 23,769.10 78,707.37
Dec 26, 2024 1,216.55 23,775.80 78,557.28
Dec 27, 2024 1,221.05 23,801.40 78,607.62
Dec 30, 2024 1,210.70 23,796.90 78,637.58
Dec 31, 2024 1,215.45 23,560.60 77,982.57

Source: Compiled and adapted according to Investing.com, (2024), National Stock 
Exchange of India (NSE), (2024). Bombay Stock Exchange (BSE), (2024). 

The stock market response to the RDHL-HAGI acquisition, especially after the 
stake acquisition on December 20, 2024, showed mixed reactions. Initially, fol-
lowing the acquisition announcement, RIL’s share price increased to ₹1,323.30 on 
December 3, 2024. However, after December 6, 2024, the stock began to decline, 
reaching ₹1,230.45 by December 19, 2024. On December 20, 2024, when the stake 
in RDHL was acquired, RIL’s share price continued to fall, dropping to ₹1,205.30. 
This suggests that despite the positive initial reaction, the acquisition didn’t lead to 
a significant boost in RIL’s stock price. Instead, investor sentiment appeared more 
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cautious, possibly due to broader market factors or profit-taking. As of December 
31, 2024, RIL’s share price was ₹1,215.45, reflecting a slight recovery post-acqui-
sition. The market Index on NSE and BSE also tracked a similar pattern, rising on 
December 16, 2024, before progressively decreasing along with RIL’s stock price. 
Although the announcement and the acquisition set off some initial optimism, 
the decline in RIL’s share price suggests that investors become more cautious over 
time, possibly reviewing the long-term effects of the deal. This shift in sentiment 
affects how market reactions to acquisitions can be complex and influenced by sev-
eral factors.

Analysis of Data & Interpretation With Respect to Research Questions 
Based on the event analysis, content analysis, and trend analysis presented in ear-
lier sections, the possible answers to the 10 research questions are summarized as 
follows.

Research Question 1: What are the strategic advantages of RDHL acquiring a 
45% stake in HAGI?

Digital Health Alliance (2024) said the acquisition allows RDHL to leverage HAGI’s 
technological innovations in digital healthcare, enhancing its telemedicine and 
diagnostics services, and improving healthcare access in underserved regions (Fi-
nance Saathi, 2024; M&A Critique, 2024; Navbharat Times, 2024; ICaps Sri Lanka, 
2024; Digital Health Alliance, 2024). This shows clearly how RDHL benefits from 
HAGI’s innovative platforms both in terms of technological depth and market po-
sitioning, particularly in the areas of diagnostics and AI-based telehealth solutions. 
The partnership allows scalable healthcare delivery by increasing RDHL’s product 
capability.

Research Question 2: Can this partnership help RDHL address healthcare deliv-
ery challenges in underserved global regions?

Yes, the partnership is aimed at addressing healthcare delivery challenges by uti-
lizing HAGI’s expertise to expand RDHL’s reach in underserved markets, thereby 
improving healthcare accessibility and outcomes (Business Standard, 2024; Repub-
lic Biz, 2024; Digital Health Alliance, 2024; India.com, 2024). The agreement gives 
RDHL the ability to provide affordable digital healthcare services in inaccessible re-
gions, particularly by utilising HAGI’s established preventive care methods. These 
address barriers based on geography and income.



17

Anjali Gupta, N.P Singh
Analysis of the Acquisition of Health Alliance Group Inc by Reliance Digital Health Limited

Research Question 3: How will the integration of HAGI’s technological innova-
tions influence RDHL’s current healthcare services portfolio?

The integration is expected to enhance RDHL’s existing services, particularly in dig-
ital diagnostics and telehealth, allowing for more comprehensive healthcare solu-
tions and improving RDHL’s competitive position (Mint, 2024; Business Standard, 
2024; Digital Health Alliance, 2024; Money Control Hindi, 2024). This reveals how 
RDHL’s present offerings will not only increase but also become more complex and 
efficient. The use of artificial intelligence-powered diagnostics will improve clinical 
accuracy and service delivery speed.

Research Question 4: Does this acquisition align with RDHL’s long-term ambi-
tion to become a global leader in digital healthcare solutions?

Yes, the acquisition aligns with RDHL’s long-term vision by expanding its ser-
vice portfolio and reinforcing its commitment to innovation in the global digital 
healthcare landscape (Medical Buyer, 2024; CNBC, 2024; Business Standard, 2024; 
Sarthe, A. 2024). This shows how the acquisition can serve as an introduction to 
international markets and the future leadership in the sector.

Research Question 5: How does this transaction contribute to RIL’s overarching 
vision of leveraging technological innovation to drive growth?

The transaction supports RIL’s vision of growth through technological innovation 
by enhancing RDHL’s digital healthcare capabilities, allowing it to tap into the 
growing digital health market (Economic Times 2024; Angel One 2024; Chola Se-
curities, 2024; Medical Buyer 2024; Mint 2024). This explains how RDHL enhances 
RIL’s wider journey into technology-related ventures.

Research Question 6: Will this deal strengthen RDHL’s competitive position in 
the global digital health sector?

The acquisition is likely to strengthen RDHL’s competitive position by expanding 
its technological capabilities and market reach, enabling it to compete more effec-
tively in the digital health sector (Business Standard, 2024; Digital Health Alliance, 
2024; Business Standard, 2024). This proves RDHL can now set itself apart in in-
ternational healthcare technology marketplaces.

Research Question 7: What risks might arise from this acquisition, including in-
tegration hurdles and competitive pressures in the digital health space?
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The potential risks include integration challenges and competitive pressures from 
other digital health providers, as well as the need for RDHL to effectively leverage 
HAGI’s technologies (Medical Buyer, 2024; Business Standard, 2024; CNBC, 2024). 
It also implies that a seamless system and human capital integration are crucial for 
post-deal success.

Research Question 8: How will this collaboration affect RDHL’s operational effi-
ciency and market expansion strategies?

The collaboration is expected to enhance operational efficiency by streamlining 
processes and integrating advanced technologies, facilitating market expansion 
strategies in underserved regions. (Business Standard, 2024; The Startups News, 
2024; Angel One, 2024). This represents how RDHL can now effectively enter new 
markets, generating more revenue.

Research Question 9: To what extent can this partnership improve healthcare 
accessibility in India and other underserved markets?

The partnership has the potential to significantly improve healthcare accessibility 
by providing affordable and scalable healthcare solutions in India and other un-
derserved markets (Medical Buyer, 2024; Economic Times, 2024; CNBC, 2024). 
The observation indicates actual desires to use HAGI’s scalable technology to reach 
nationally.

Research Question 10: What implications does this partnership have for RDHL’s 
global healthcare strategy?

This partnership is an important component of RDHL’s global healthcare strate-
gy, allowing it to expand its mark in the digital health sector and address health-
care challenges on a global scale (Startups News, 2024; Medical Buyer 2024; CNBC 
2024). This identifies that the acquisition of HAGI is necessary for RDHL’s strategy 
of international expansion.

Conclusion
Reliance Digital Health Ltd.’s (RDHL) strategic acquisition of a 45% share in Health 
Alliance Group Inc. (HAGI) represents an influential turning point in RDHL’s 
growth as a major player in the global digital healthcare market. The agreement 
is more than simply a financial investment; it is an innovative initiative meant 
to close important gaps in healthcare access, particularly in impoverished parts 
of India, the US, and developing countries. Through incorporating HAGI’s inno-
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vative diagnostic and telemedicine healthcare solutions, powered by artificial in-
telligence, RDHL reiterated its dedication to building an innovative, inclusive, and 
scalable healthcare ecosystem.

The agreement is in perfect alignment with Reliance Industries Limited’s (RIL) 
overarching mission of employing technology innovation to encourage social im-
pact and sustainable growth. It improves RDHL’s operational effectiveness and 
puts the business in a stronger position to address the growing demand for dig-
ital healthcare solutions around the globe. In addition, through offering unique 
services and enhancing accessibility, affordability, and care quality, the acquisition 
helps RDHL to improve its competitive position and support goals related to public 
health.

The improvement in RIL’s share price as a result of the initial investor reaction 
shows that the market is highly confident in the strategic intent and possibilities of 
this move. With the development of digital diagnostics and virtual care platforms 
that get beyond geographical and infrastructural hurdles, the alliance is anticipated 
to make it easier for RDHL to reach health-deficient areas.

Nevertheless, there are some challenges with the acquisition. Difficulty of integra-
tion, problems with cultural alignment, and increasing competition from both ex-
isting and developing digital health providers are potential threats. To fully reap 
the rewards of this partnership, RDHL needs to overcome these barriers with thor-
ough strategic planning, strong change management, and a patient-centric per-
spective.

In conclusion, the RDHL–HAGI acquisition, in brief, is a courageous and appro-
priate move of strategy that not only enhances RDHL’s business strengths but 
also indicates its wider ambition to redefine healthcare delivery on a global scale. 
By using modern technology, providing underprivileged people with preference, 
and promoting RIL’s purpose of innovation-led impact, RDHL is well-positioned 
to change digital healthcare in India as well as globally. Future studies should look 
at the partnership’s long-term operational results, post-integration effectiveness, 
and broader impact on healthcare accessibility in low-resource environments.
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Abstract

Cancer is a complex disease characterized by the uncontrolled prolifera-
tion of abnormal cells, which possess the potential to invade surrounding 
tissues and metastasize to distant organs. Its development is influenced 
by a variety of factors, including genetic predisposition, environmental 
exposures, and individual biological characteristics. The aim of this 
research is to analyze the blood of 100 patients diagnosed with cancer 
seeking care at the University Clinical Center of Kosovo for Cancer Care, 
Oncology Clinic. The patients range in age from 29 to 85 years, with 
half being men and half being women. The blood parameters survey was 
conducted between January and June 2024 and was voluntary. Blood 
samples were tested for a total of ten hematological and biochemical 
parameters: hemoglobin, erythrocytes, platelets, leukocytes, iron, sedi-
mentation, AST, ALT, urea, and creatinine. Statistical analysis of the data 
was conducted using the Statistical Package for Social Sciences (SPSS). 
Non-parametric tests were employed, including the median equality test 
based on the Chi-square distribution and Spearman’s rank correlation 
coefficient. There is a deviation from the reference values ​​of the measured 
parameters in sedimentation, where the average measured value for all 
patients is above the upper reference limit. Namely, the sedimentation 
in cancer patients covered by the analysis ranges between 5 mm/h and 
40 mm/h, while the average is 14.3 mm/h. Differences in median values ​​
for almost all blood parameters are also observed between patients who 
have metastasized disease and those in whom the disease has not metas-
tasized. Nutritional status is a dynamic rather than a static condition. 
Consequently, it should be regularly evaluated throughout the various 
stages of the treatment process to ensure consistent and timely access 
to appropriate nutritional interventions.
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INTRODUCTION

Impact of Chemotherapy on Hematological and Biochemical Profiles in 
Cancer Patients

Cancer is a leading cause of death globally, with complex causes including genet-
ic, environmental, and structural factors (Sobin & Wittekind, 2009; Lodish et al., 
2000). Treatment options such as surgery, chemotherapy, and radiotherapy vary 
by cancer type, stage, and location (Shahid, 2016). However, chemotherapy often 
causes significant side effects that may affect treatment success (Sheikh, 2014). 
Chemotherapy disrupts cell growth by damaging DNA, leading to declines in he-
moglobin, platelets, and white blood cells, thus weakening the immune system and 
increasing infection risk (Devi et al., 2006; Ramasamy et al., 2016). It also affects 
liver and kidney function. Many chemotherapeutic drugs are metabolized in the 
liver, contributing to hepatocellular damage and elevated liver enzymes such as 
ALT, AST, ALP, and LDH (Steele & Narendran, 2012; Uo, 2006). Kidney toxicity 
may present as increased urea and creatinine due to tubular cell damage (Moore, 
2016). Close monitoring of hematological and biochemical profiles is essential to 
managing side effects and improving outcomes in cancer patients receiving chemo-
therapy.

The Role of Nutrition in Cancer Care

Cancer is a complex disease requiring integrated, multimodal treatment approach-
es. Among supportive therapies, nutrition plays a critical role in improving treat-
ment outcomes and quality of life. Evidence shows that professional nutritional in-
tervention enhances nutrient intake, physical function, and the overall prognosis 
by preventing and managing cancer-related malnutrition (Caccialanza et al., 2016). 
Malnutrition is a common yet often overlooked complication in cancer care, af-
fecting up to 87% of patients, with 15–40% experiencing weight loss at diagnosis 
(Wigmore et al., 1997). Despite its impact, there is no universally accepted gold 
standard for diagnosing malnutrition in cancer. Inadequate nutritional support 
is linked to reduced treatment options, longer hospital stays, increased toxicity, 
and lower treatment response (van Cutsem et al., 2005). Alarmingly, up to 20% 
of cancer-related deaths may result from malnutrition rather than the cancer it-
self (Muscaritoli et al., 2021). Improving access to nutritional care should be pri-
oritized across healthcare systems to enhance cancer treatment effectiveness and 
patient outcomes.
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LITERATURE REVIEW

Hematological and Biochemical Markers in Breast Cancer Progression

Numerous hematological and biochemical parameters—such as hemoglobin, to-
tal leukocyte count, differential leukocyte count, random blood sugar (RBS), liver 
enzymes (SGPT, SGOT), bilirubin, ALP, total protein, creatinine, and urea—have 
been studied in breast cancer patients (Shreya et al., 2023). Among these, blood 
sugar, urea, hemoglobin, and alkaline phosphatase (ALP) showed significant vari-
ations between early- and late-stage breast cancer. For instance, elevated RBS lev-
els (normal: 80–140 mg/dL) were observed in 20 out of 56 patients, with 85% in 
late-stage and 15% in early-stage cancer. High RBS is linked to increased tumor 
grade, potentially due to enhanced cell proliferation driven by hyperglycemia and 
hyperinsulinemia (Shander et al., 2004). ALP, a marker of liver and bone activity 
(normal: 40–125 mg/dL), was elevated in 31 patients, with 59% in advanced-stage 
disease. This supports ALP as a potential indicator of metastasis, particularly in 
bone and liver. Anemia was present in 30 patients, with 84% of cases in late-stage 
breast cancer, suggesting disease progression correlates with declining hemoglobin 
levels. Likewise, elevated urea levels (normal: 20–40 mg/dL) were found in 70% 
of late-stage and 29.6% of early-stage patients, pointing to renal dysfunction or 
systemic catabolism. Finally, 75% of advanced-stage patients showed elevated total 
protein, correlating with disease severity and systemic involvement. These findings 
highlight the prognostic value of routine biochemical markers in staging and mon-
itoring breast cancer progression.

Impact of Chemotherapy on Hematological and Biochemical Profiles in 
Cancer Patients

In a retrospective cohort study by Wondimneh et al. (2019), involving 376 cancer 
patients at Ayder Comprehensive Specialist Hospital, Ethiopia, significant changes 
in hematological and biochemical parameters were observed pre- and post-chemo-
therapy. The study included 228 women and 147 men. Hematological findings 
showed statistically significant decreases in white blood cells (WBC), red blood 
cells (RBC), hemoglobin (Hb), hematocrit (HCT), platelets (PLT), and neutrophils 
(NUT) after chemotherapy (p < 0.05), except for lymphocytes, which did not show 
a significant change. The WBC decrease was attributed to the suppression of he-
matopoietic stem cells by chemotherapy, increasing susceptibility to infections. 
Similarly, reduced RBC, Hb, and HCT levels suggested impaired erythropoiesis and 
possible chemotherapy-induced nephrotoxicity, affecting erythropoietin produc-
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tion. Biochemical parameters—including urea, creatinine (CRT), alanine transami-
nase (ALT), and aspartate transaminase (AST)—showed no statistically significant 
changes post-treatment (p > 0.05), although minor trends were noted. ALT and 
AST levels showed a slight, non-significant increase, while urea and CRT decreased 
marginally. The study concludes that chemotherapy significantly affects hemato-
logical profiles, contributing to anemia and immunosuppression, while changes in 
biochemical parameters were minimal. These findings underscore the need for reg-
ular monitoring to manage treatment-related toxicities effectively.

The Role of Nutritional Intervention in Cancer Treatment

Nutritional intervention plays a vital role in comprehensive cancer care. Clinical 
evidence supports its effectiveness in reducing hospitalization duration, minimiz-
ing treatment-related toxicity, and enhancing nutrient intake, physical function, 
and overall quality of life. Importantly, nutritional support can significantly im-
prove treatment outcomes by preventing or mitigating malnutrition—a common 
and often life-threatening condition among cancer patients. In fact, nearly 25% of 
cancer-related deaths may be attributed to malnutrition rather than the malignan-
cy itself (Vitaloni et al., 2022). Patients with gastrointestinal cancers are particu-
larly vulnerable due to disease-related digestive tract impairment, yet many lack 
adequate access to nutritional care. To address this, interdisciplinary and multipro-
fessional care models are essential. Such models, successfully implemented in a few 
European countries like the Netherlands and Sweden, ensure timely, effective, and 
safe nutritional interventions. However, across Europe, these remain exceptions 
rather than standard practice (Caccialanza et al., 2020).

METHODS AND MATERIALS
The subject research was conducted on a sample of 100 patients diagnosed with 
cancer seeking care at the University Clinical Center of Kosovo for Cancer Care, 
Oncology Clinic. All samples were taken after approval from the institutional ethics 
committee and the personal consent of the patients. Blood samples were collected 
from patients in heparinized tubes. The patients range in age from 29 to 85 years, 
with half being men and half being women. The blood parameters survey was con-
ducted between January and June 2024 and was voluntary. The patients included 
in the research have various demographic and socioeconomic characteristics.
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In order to test the set goals, the patients covered by the research were given a survey 
regarding the use of nutritional supplements. For the purposes of the survey, a sur-
vey questionnaire was prepared, which contained open and closed-type questions, as 
well as multiple-choice questions that allow for the selection of multiple answers. In 
addition to demographic and socioeconomic questions about the patients, the survey 
questionnaire also included questions about the use of dietary supplements, changes 
in dietary habits, including preferences or avoidance of certain foods since the can-
cer diagnosis, and questions about the disease itself., that is, diagnosis, tumor stage, 
treatment history, and comorbidities (Dina et al, 2024). The patients diagnosed with 
cancer also had a blood count, that is, the measurement of ten hematological and 
biochemical parameters in the blood, shown in Table 1, together with their reference 
values. Through the analysis of blood samples, the values ​​of: hemoglobin, erythro-
cytes, platelets, leukocytes, iron, sedimentation, AST, ALT, urea, and creatinine. The 
erythrocyte sedimentation rate (ESR) was determined using the Westergren method, 
a simple, cost-effective, and widely utilized laboratory technique. Statistical analysis 
of the collected data was conducted using the Statistical Package for Social Sciences 
(SPSS). Non-parametric statistical tests were applied, including the test for equality 
of medians based on the Chi-square distribution, as well as Spearman’s rank correla-
tion coefficient to assess the relationships between variables.

Table 1

Blood parameters measured through blood count of patients.

Parameter Reference values

Hemoglobin 11.0-16.3  g/dl

Erythrocytes 3.8-5.8  x10⁶mm³

Platelets 150-390  x10⁶mm³

Leukocytes 3.5-10  x10⁶mm³

Iron 60-180  mcg/dl

Sedimentation 3-10  mm/h

ACT 2-37 U/L

ALT 3-41 U/L

Urea 1.7-8.3 mm/l

Creatinine  53-115 mm/l
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Understanding the Importance of ESR Levels in Cancer Patients

The erythrocyte sedimentation rate (ESR) is a nonspecific laboratory marker that 
measures the rate at which erythrocytes (red blood cells) settle at the bottom of 
a test tube over a specified period. This process is influenced by the density dif-
ferences among the components of blood, where heavier, iron-rich red blood cells 
settle beneath white blood cells and plasma, forming a gradient. The rate of sed-
imentation reflects the presence and intensity of inflammation within the body 
(MediSearch, 2023). Elevated ESR values can serve as important clinical indicators 
in oncology. High ESR levels have been associated with undiagnosed malignancies 
and are often correlated with poorer prognosis. This parameter may help clinicians 
assess absolute cancer risk, identify common sites of tumor involvement, and eval-
uate overall disease progression. Notably, ESR has shown utility in distinguishing 
between aggressive and non-aggressive tumor types, such as in prostate cancer. 
Additionally, elevated ESR may indicate metastatic spread and has been linked to 
reduced survival rates in patients with cutaneous melanoma (MediSearch, 2023).

RESULTS AND DISCUSSION

Blood Analysis in Oncology Patients

According to the results obtained from the analysis of certain blood parameters in 
the cancer patients covered by this research (Table 2), it can be concluded that with 
the exception of sedimentation, the average measured values ​​for all other parame-
ters are within the reference values.

Namely, from the blood analysis, it can be seen that hemoglobin in cancer patients 
ranges from 8 to 15.5 g/dl, with the average measured value being 12.4 g/dl, with 
a standard deviation of about 2 g/dl. The results show that 24% of the cancer pa-
tients covered by the research have hemoglobin below the reference level of 11 g/
dl, while the rest have hemoglobin within the reference values.

The situation is similar to erythrocytes, where 26% of patients have slightly lower 
values ​​than normal. Namely, the values ​​of this parameter range from a minimum 
of 2.86 to a maximum of 5.12 x10⁶mm³, while the average measured value for all 
patients is 4.1 x10⁶mm³, and the standard deviation is equal to 0.6 x10⁶mm³.
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Table 2 

Descriptive statistics of blood count results

Indicator Hgb. Erith. Sluggi Leuk. Iron Sedim. AST ALT Urea Creat

Reference 
values

11-16,3 3,8-5,8 150-390 3,5-10 60-180 3-10 2-37 3-41 1,7-8,3 53-115

Average 12.4 4.1 222.1 8.6 80.2 14.3 30.7 35.2 8.0 91.8

Median 12.2 4.1 201.2 8.5 70.9 10.5 30.1 32.2 7.4 80.8

Minimum 8 2.86 92.2 4.6 30.3 5 15.5 15.32 5 50.35

Maximum 15.5 5.12 401 15.5 150.2 40 60.6 90.5 22.2 200.2

S t a n d . 
Dev.

2.0 0.6 69.4 2.1 23.8 9.8 11.1 15.1 2.4 29.0

Asymmet-
ric.

-0.15 -0.29 0.79 0.78 1.27 1.33 0.72 1.05 3.68 1.34

Flatness 1.98 2.19 3.15 3.73 4.71 3.91 2.80 4.02 18.88 4.66

Zhark-Be-
ra

4.63 4.10 10.5 12.35 39.3 32.9 8.7 22.7 1276.5 41.6

P-value 0.099 0.129 0.005 0.002 0.000 0.000 0.013 0.000 0.000 0.000

According to the reference values, platelets in the blood should be between 150 and 
390 x10⁶mm³. In the patients analyzed, platelets ranged between 92.2 x10⁶mm³ 
and 401 x10⁶mm³, with a mean of 222.1 x10⁶mm³ and a standard deviation of 
69.4 x10⁶mm³. Only 11% of the total number of patients have platelets outside the 
reference values.

Regarding leukocytes, 18% of patients have leukocytes above the upper limit of 
10 x10⁶mm³, while in the rest of the cancer patients, the value of this parameter is 
within the normal range. The minimum value of this parameter is 4.6 x10⁶mm³, and 
the maximum is 15.5 x10⁶mm³, while the average for all patients is 8.6 x10⁶mm³, 
with a standard deviation of 2.1 x10⁶mm³.

For iron, cancer patients have values ​​of this blood parameter between 30.3 and 
150.2 mcg/dl. The average value of the parameter for all patients is 80.2 mcg/dl, 
with a standard deviation of 23.8 mcg/dl. A total of 8% of patients have blood iron 
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values ​​below the lower reference limit of 60 mcg/dl, while the rest have iron within 
the reference values.

The only deviation from the reference values ​​of the measured parameters is the 
sedimentation, where the average measured value for all patients is above the up-
per reference limit. Namely, the sedimentation in cancer patients covered by the 
analysis ranges between 5 mm/h and 40 mm/h, while the average is 14.3 mm/h. 
The reference values ​​for this parameter are between 3 and 10 mm/h, while exactly 
half of the patients have elevated sedimentation.

Regarding AST and ALT parameters, 28% and 30% of patients have elevated values. 
For AST, measured values ​​in cancer patients range between 15.5 and 60.6 U/L, 
while for ALT, the range of measured values ​​ranges from 15.32 to 90.5 U/L. The 
mean AST for all cancer patients was 30.7 U/L, with a standard deviation of 11.1 
U/L, while the mean ALT for all patients was 35.2 U/L, with a standard deviation 
of 15.1 U /L.

Regarding urea, reference values ​​are between 1.7 and 8.3 mm/l, while the range of 
measured values ​​in cancer patients is between 5 and 22.2 mm/l. The average value 
of urea for all cancer patients is 8 mm/l, with a standard deviation of 2.4 mm/l, 
while 24% of the patients covered by the research have elevated values ​​of this pa-
rameter.

Finally, regarding creatinine, 2% of cancer patients have creatinine below the lower 
reference limit of 53 mm/l, while 21% of patients have elevated creatinine, that is, 
creatinine above the upper limit of 115 mm/l. The range of values ​​of this parame-
ter ranges from 50.35 mm/l to 200.2 mm/l, with the average value for all patients 
being 91.8 mm/l, with a standard deviation of 29 mm/l.

Figure 1 below shows the distribution of values ​​for blood parameters. As can be 
seen from what is shown, it can be concluded that the data do not follow a normal 
distribution, which indicates that in further analysis it is necessary to use non-par-
ametric tests, such as the test for the equality of the median, which follows a Chi-
square distribution, or Spearman’s rank correlation coefficient.
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Figure 1

 Distribution chart of blood count parameters

From the perspective of the relationship between the age of patients and the values ​​
of blood parameters, it can be concluded that there is a moderate positive relation-
ship (correlation) between age and: leukocytes (0.22), sedimentation (0.37), AST 
(0.28 ), ALT (0.26), urea (0.37), and creatinine (0.43). Additionally, we have a some-
what weaker, but negative relationship between age and iron, with a correlation co-
efficient of -0.18. In other words, an increase in age is often followed by an increase 
in the values ​​of the above parameters, that is, a decrease in the value of iron.
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In contrast to this, we have the absence of any linear relationship be-
tween the age of patients and hemoglobin, erythrocytes, and platelets, 
where the correlation coefficients assessed are statistically insignificant 
at the 0.05 significance level. It is important to point out that the rest of 
the coefficients are statistically significant at the 0.05 significance level, 
with the exception of the one between patients’ age and iron, which is 
statistically significant at the 0.1 significance level.

Table 3

Correlation coefficients between age The blood count.

Parameter Age

Hemoglobin -0.10

Еritrocite -0.13

Platelets 0.15

Leukocytes 0.22

Iron -0.18

Sedimenti 0.37

АSТ 0.28

АLТ 0.26

Urea 0.37

Creatinin 0.43

From the perspective of different characteristics of the patients, an analysis was 
made to see if there are certain systematic differences in the median values ​​of the 
measured blood parameters between separate groups of patients. In this context, 
the results of the analysis showed that older patients generally have higher median 
values ​​of urea and creatinine, with these values ​​tending to increase with increasing 
age. So, for example, people up to the age of 40 have a median urea value of 7 mm/l, 
while those over 70 years of age have a median urea of ​​7.91 mm/l.

The situation is similar to creatinine. Namely, people under the age of 50 have a 
median value of creatinine of 70.5 mm/l, while the median value of creatinine for 
those over 70 years old is 95.45 mm/l.
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In terms of gender, the analysis showed that men generally have higher values ​​than 
women for leukocytes (8.8 x10⁶mm³ in men vs. 7.7 x10⁶mm³ in women), sedimen-
tation (15 mm/h in men vs. 8 mm/h in women), urea (7.7 mm/l in men vs. 7.01 in 
women) and creatinine (90.25 mm/l in men vs. 70.7 mm/l in women).

Finally, differences in median values ​​for almost all blood parameters were also ob-
served between patients with metastatic disease and those without metastatic dis-
ease. Namely, patients who have metastasis of the disease have generally higher 
values ​​of leukocytes (9.05 vs. 7.7), sedimentation (15 vs. 8.5), AST and ALT (34.3, 
respectively 40.3 vs. 22.75, that is, 25.25), urea (7.79 vs. 7), and creatinine (90.3 
vs. 72.2). On the other hand, patients with metastasis of the disease have generally 
lower values ​​of hemoglobin (11.26 vs. 13.3), erythrocytes (4 vs. 4.43), and iron 
(70.2 vs. 80.3).

Regarding the other independent variables that were the subject of analysis, the re-
sults showed the absence of statistically significant differences in the median value 
of blood parameters between patients with different places of residence, different 
body mass index, cigarette consumption, presence of a history of disease in the 
family, as well as between patients receiving different treatments of the disease.

In addition, the graphs below (Fig. 2, Fig. 3, Fig. 4) graphically show the identified 
differences.

Figure 2

Graphs showing the differences in the median values ​​for specific parameters from the 
blood count, according to the age of the patients
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Figure 3

Graphs showing the differences in the median values ​​for certain parameters from the 
blood count, according to the gender of the patients.

Figure 4

Graphs showing the differences in median values ​​for certain blood count parameters, ac-
cording to whether the disease has metastasized or not

Finally, the results of the conducted equality tests are shown in Table 4 below.
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Table 4

Tests for equality of median values ​​of blood count parameters for different groups of pa-
tients according to age group, sex, and whether the disease is metastatic or not.

Parameter
Age-Group Gender Metastasis

Stat. on a 
test.

P-value.
Stat. on a 
test.

P-value.
Stat. on a 
test.

P-value.

Hemoglobin 6.639 0.156 0.361 0.548 17.832 0.000

Eritrociti 2.081 0.721 0.040 0.841 4.848 0.028

Platelets 8.066 0.089 1.000 0.317 0.040 0.841

Leokocit 3.174 0.529 5.762 0.016 12.928 0.000

Iron 0.611 0.962 0.400 0.841 9.014 0.003

Sedimenti 7.287 0.121 14.440 0.000 17.668 0.000

АСТ 5.627 0.229 0.640 0.424 15.968 0.000

АЛТ 6.139 0.189 1.973 0.160 17.512 0.000

Urea 14.760 0.005 4.840 0.028 9.014 0.003

Creatinin 12.784 0.012 11.579 0.001 11.488 0.001

Integrating Nutrition into Oncology: Clinical Benefits and Future Directions

Nutrition plays a vital role in cancer care, influencing disease progression, treat-
ment tolerance, and quality of life. Nutritional interventions—including coun-
seling, supplements, and enteral or parenteral support—have been shown to im-
prove body weight, energy, protein intake, and reduce treatment-related side effects 
(Prado et al., 2022). These benefits lead to better treatment adherence, survival, 
shorter hospital stays, lower costs, and improved physical function (Caccialanza et 
al., 2020; Senesse et al., 2008). Beyond physical health, nutrition supports psycho-
social well-being by reducing anxiety, preserving social bonds around meals, and 
promoting healthy habits. Combined with exercise, it helps maintain muscle mass 
and independence. Patients receiving nutritional counseling often report improved 
quality of life (Sonneborn-Papakostopoulos et al., 2021; Marin Caro et al., 2007). 
Early, routine nutrition screening and a personalized, multimodal assessment are 
essential to optimize patient care.
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Future Directions

Despite evidence, nutrition remains under-integrated in oncology due to limited 
awareness and dialogue. Future efforts should focus on:

•	 Embedding nutrition specialists in oncology teams

•	 Standardizing malnutrition screening tools

•	 Developing cancer- and treatment-specific nutritional protocols

•	 Investing in research on nutritional genomics, microbiome interactions, and 
immunonutrition

•	 Ensuring universal access to nutrition services regardless of socioeconomic 
status

Integrating nutrition fully into cancer care will improve clinical outcomes and en-
hance survivorship and quality of life.

Conclusion
The results of the blood analysis show that 24% of the 100 cancer patients covered 
by the research have hemoglobin below the reference level of 11 g/dl, while the 
rest have hemoglobin within the reference values. In 26% of patients, the values ​​of 
erythrocytes are somewhat lower than normal values. Only 11% of the total num-
ber of patients have platelets outside the reference values. 18% of patients have 
leukocyte values ​​above the upper limit of 10 x10⁶mm³. A total of 8% of patients 
have blood iron values ​​below the lower reference limit of 60 mcg/dl. Sedimentation 
in cancer patients covered by the analysis ranges between 5 mm/h and 40 mm/h, 
while the average is 14.3 mm/h. The reference values ​​for this parameter are be-
tween 3 and 10 mm/h, while exactly half of the patients have elevated sedimenta-
tion. Regarding AST and ALT parameters, 28% and 30% of patients have elevated 
values. The average value of urea for all cancer patients is 8 mm/l, with a standard 
deviation of 2.4 mm/l, while 24% of the patients covered by the research have el-
evated values ​​of this parameter. Regarding creatinine, 2% of cancer patients have 
creatinine below the lower reference limit of 53 mm/l, while 21% of patients have 
elevated creatinine, that is, creatinine above the upper limit of 115 mm/l.

The increase in age is followed by an increase in the values ​​of the parameters leuko-
cytes, sedimentation, AST, ALT, urea, and creatinine, that is, a decrease in the value 
of iron. The results of the analysis showed that older patients generally had higher 
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median urea and creatinine values, with these values ​​tending to increase with in-
creasing age. Differences in the median values ​​for almost all blood parameters are 
also observed between patients who have metastasized disease and those in whom 
the disease has not metastasized. Namely, patients who have metastasis of the dis-
ease have generally higher values ​​of leukocytes (9.05 vs. 7.7), sedimentation (15 
vs. 8.5), AST and ALT (34.3, respectively 40.3 vs. 22.75, that is, 25.25), urea (7.79 
vs. 7), and creatinine (90.3 vs. 72.2). On the other hand, patients with metastasis 
of the disease have generally lower values ​​of hemoglobin (11.26 vs. 13.3), erythro-
cytes (4 vs. 4.43) and iron (70.2 vs. 80.3). Evaluating the nutritional status of every 
cancer patient is essential, as nutrition influences disease progression, symptoms, 
treatment response, recovery, and overall prognosis. Health systems must invest 
in qualified nutrition experts to support cancer care teams. Currently, insufficient 
staffing and limited recognition of nutrition’s importance among oncologists and 
policymakers hinder patients from accessing vital nutritional support. There is 
a critical need for enhanced education for both healthcare professionals and pa-
tients, especially regarding nutrition in digestive system cancers. Developing tar-
geted educational and scientific resources will help raise awareness and enable ef-
fective nutritional interventions tailored to patient needs.

References
Aziz, H. A., & Habeeb, J. M. (2019). Study the effect of chemotherapy on some hematological and 

biochemical parameters of cancer patients in AL-Muthanna Province. Indian J PublicHealth 
Res Dev., 10(2), 813–816. 

Caccialanza, R., Pedrazzoli, P., Cereda, E., Gavazzi, C., Pinto, C., Paccagnella, A., Beretta, G., Nar-
di, M., Laviano, A ., Zagonel, V . (2016). Nutritional support in cancer patients: a position 
paper from the Italian Society of Medical Oncology (AIOM) and the Italian   Society of Arti-
ficial Nutrition and Metabolism (SINPE). J Cancer, 7, 131–135.

Caccialanza, R., Goldwasser, F., Marschal, O., Ottery, F., Schiefke, I., Tilleul, P., Zalcman, G., & 
Pedrazzoli, P. (2020). Unmet needs in clinical nutrition in oncology: A multinational analysis 
of real-world evidence, Ther Adv Med Oncol., 12, 1-10.

Devi, L.I., Ralte, L., & Ma, A. (2006). Serum biochemical profile of breast cancer patients. Eur J 
Pharm Med Res., 2(6), 210–214.

Dina, K., Pavlova, V., Tahiri, A., Kovaci, I., Blazhevska, T., Knights, V., Pavlovska Dimkovski, M., & 
Srbinoska, M. (2024). A survey on the motivation, attitudes and frequency of use of dietary 
supplements in cancer patients, Journal of Hygienic Engineering and Design, 47, 121-126. 

Lodish, H., Arnold, B.S., Lawrence, Z., Paul, M., & David, B.J.E. (2000). Molecular Cell Biology. 
4th ed. NCBI.



IJTNS
International Journal of Technical and Natural Sciences

40

Marin Caro, M.M., Laviano, A., & Pichard, C. (2007). Impact of nutrition on quality of life during 
cancer. Curr Opin Clin Nutr Metab Care, 10, 480–487.

MediSearch (2023). https://medisearch.io/blog/what-is-esr-level-in-cancer-patients

Moore, D.C. (2016). Drug-induced neutropenia. Pharmacovigil Forum., 41 (12), 765–768.

Mughal, T. I. (2004). Current and future use of hematopoietic growth factors in cancer medicine. 
Hematol Oncol., 22, 3,121–134.

Muscaritoli, M., Arends, J., Bachmann, P., Baracos, V., Barthelemy, N., Bertz, H., Bozzetti, F., Hut-
terer, E., Isenring, E., Kaasa, S., Krznaric, Z., Laird, B., Larsson, M., Laviano, A., Muhlebach, 
S., Oldervoll, L., Ravasco, P., Solheim, S. T., Strasser, F., de van der Schueren, M., Preiser, J.C., 
& Bischoff, S.C., (2021). ESPEN practical guideline: Clinical Nutrition in cancer, Clin Nutr, 
40, 2898–2913.

Network NCC. (2018). Cancer- and Induced Anemia. In: NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®), 1–51.

Prado, C.M., Laviano, A., Gillis, C., Sung, A., Gardner, M., Yalcin, S., Dixon, S., Newman, S., Bas-
tasch, M., Sauer, A., Hegazi, R., & Chasen, M. (2022). Examining guidelines and new eviden-
ce in oncology nutrition: a position paper on gaps and opportunities in multimodal approa-
ches to improve patient care, Support Care Cancer, 30, 3073–3083.

Ramasamy, P., & Sundaresan, S. (2016). Haematological and biochemical changes in pre and post 
treatment of buccal mucosa carcinoma patients, International journal of pharmaceutical 
science and research, 7 (7), 1000-1005.

Senesse, P., Assenat, E., & Schneider, S. (2008). Nutritional support during oncologic treatment 
of patients with gastrointestinal cancer: who could benefit? Cancer Treat Rev, 34, 568–575.

Shahid, S. (2016). Critical reviews in oncology/hematology review of hematological indices of 

cancer patients receiving combined chemotherapy & radiotherapy or receiving radiotherapy alo-
ne. Crit Rev Oncol Hematol. 105, 145–155.

Shander, A., Knight, K., Thurer, R., Adamson, J., & Spence, R. (2004). Prevalence and outcomes 
of anemia in surgery: a systematic review of the literature, Am. J. Med., 116, 7A, 58S-69S.

Sheikh, N., & Masood, M.N.N. (2014). Hematological and serological changes. J Soc Dev New 
Net Env. 5, 6.

Shreya, S., Shekher, A., ​​Puneet, P., Prasad, S. B., & Buddhi Prakash Jain B. P. (2023). Haemato-
logical and biochemical analysis of blood samples from early and late stage breast cancer 
patients in India, Bioinformation, 19, (7), 806-809.

Sobin, L.H., & Wittekind, C. (2009). TNM Classification of Malignant Tumors. 7th ed. In Sobin 
LH, Gospodarowicz MK, Wittekind C, eds. Wiley-Blackwell, 1–333.

Sonneborn-Papakostopoulos, M., Dubois, C., Mathies, V., Heß, M., Erickson, N., Ernst, T., & Hu-
ebner, J. (2021). Quality of life, symptoms and dietary habits in oncology outpatients with 
malnutrition: a cross-sectional study, Med Oncol., 38, 1-20.

Steele, M, & Narendran, A. (2012). Mechanisms of defective erythropoiesis and anemia in pedi-
atric acute lymphoblastic leukemia (ALL). Ann Hematol. 91(10), 1513–1518.



41

Kushtrim Dina, Valentina Velkovski, Aksu Samet
Determination of Hematological and Biochemical Parameters in Blood Samples from Oncological Patients in Kosovo

Uo, H. (2006). Science GS of NA and. Disaster Nursing in a Ubiquitous Society Care Package for 
Cancer Patients In Times of Handbook of Self-Managing. Side Effects of Chemotherapy in 
Times of Disaster. In: Handbook of Self-Managing Side Effects of Chemotherapy in Times 
of Disaster; 1–26.

Van Cutsem, E., & Arends, J. (2005). The causes and consequences of cancer-associated malnut-
rition, Eur J Oncol Nurs, 9, S51–S63.

Vitaloni, M., Caccialanza, R., Ravasco, P, Carrato, A., Kapala, A., van der Schueren, M., Cons-
tantinides, D., Backman, E., Chuter, D., Santangelo, C., & Maravic, Z. (2022). The impact of 
nutrition on the lives of patients with digestive cancers: a position paper, Supportive Care 
in Cancer, 30, 7991–7996.

Wigmore, S.J., Plester, C.E., Ross, J.A., & Fearon, K.C.H. (1997). Contribution of anorexia and 
hypermetabolism to weight loss in anicteric patients with pancreatic cancer, Br J Surg., 84, 
2, 196-197.

Wondimneh, B., Setty, S.A.D., Asfeha, G.G., Belay, E., Gebremeskel, G., & Baye, G. (2019). Com-
parison of Hematological and Biochemical Profile Changes in Pre- and Post-Chemotherapy 
Treatment of Cancer Patients Attended at Ayder Comprehensive Specialized Hospital, Me-
kelle, Northern Ethiopia 2019: A Retrospective Cohort Study, Cancer Management and Re-
search, 13, 625–632.





43

Role of Hybrid Feature 
Selection Algorithms 
in Foreseeing Student 
Performance

Mamta Saxena, Netra Pal Singh

Abstract

The interest of analysts in applying analytical algorithms to investigate 
students’ performance data with a view to enhancing their knowledge 
is growing among data miners. The key factor of this trend is ample 
multimedia data generated by educational institutions with the usage 
of technologies, tools of e-learning, and other digital platforms for 
conducting online courses. Educators could utilize these data to exam-
ine and understand students’ learning behaviors by using data mining 
techniques to forecast student achievement, among other things. In data 
mining models, the difficult task is to select effective strategies that will 
generate satisfactory forecast accuracy. To achieve such goals, this article 
uses six hybrid feature selection (FS)  algorithms such as hybrid PSO, 
hybrid GA, filter wrap, wrapper embedded, ensemble based, and filter 
embedded and five algorithms such as  “Random Forest (RF)”, “Decision 
Tree (DT)”, “Logistic Regression (LR)”, “K-Nearest Neighbor (KNN)”, and 
“Support Vector Machine” (SVM) to forecast the performance of students 
and to make comparison of performance of five classification processes 
in the perspective of six FS models.  Based on the analysis of the given 
data set, it is concluded that the performance of classification models 
improved when 20 important features were part of the data in place 
of all 30 attributes. Further reduction in the number of attributes did 
not result in further improvement in the performance of classification 
models in predicting students’ success or failure.  

Keywords: ‘Hybrid Feature Selection’, ‘Random Forest’, ‘Decision Tree’, 
‘Logistic Regression’, ‘KNN’, ‘SVM’, ‘EDM’
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INTRODUCTION
Every educational institution desires that students who are enrolled with them 
must achieve academic success to a high standard because it helps in creating brand 
value for the institutions.   Students, on the other hand, value their academic per-
formance since it is central to achieving success, including getting admitted to a 
prominent university or institution. It will finally fetch a remunerative job with 
better growth in their career. It will ultimately raise their lifestyle and living. The 
question is “how does data mining come into the picture?” To mention, research-
ers from the University of Miami claim that Grade Point Average (GPA) in high 
school can predict the category of college a student will attend. In addition, GPA in 
high school can also predict who will complete their degree program and who will 
not, along with predictions about their future earnings (Marte, 2014). Therefore, 
it is becoming essential to develop better data mining techniques to estimate the 
educational accomplishment of the students beforehand, making use of easily ac-
cessible data. This new set of improved data mining algorithms will assist analysts 
in finding masked patterns, classifying the data into predefined categories, and 
predicting students’ academic accomplishment from students’ databases at uni-
versities. 

It is a well-documented fact that for extracting valuable insights from volumes of 
data that are being captured by all sectors of the economy, data analytical algo-
rithms are used. Some of the key contribution of the researchers of data mining 
in different sectors are Koh and Tan (2005), Sodhro and Zahid (2021) in health-
care sector, Vazan et al (2017) in manufacturing and engineering, Awoyemi et al 
(2017) in fraud detection, Lan et al (2018) in bioinformatics, Farzaneh and Fadlalla 
(2017) in business organizations, Gosh and Chaudhuri (2021) in stock markets, 
Shah (2022) in remote sensing. In addition, researchers have applied data mining 
algorithms in many other fields. The educational sector is no exception to these 
trends. Large volumes of data are collected by the educational institutions as these 
institutions have invested in the implementation of technologies in the classroom, 
i.e., usage of smart boards, computers, smartphones, tablets, iPads, learning man-
agement systems, virtual reality systems, etc. (Zauzmer, 2020; Winstead, 2025; 
Jackson, 2013; Velazquez, 2023). These investigations necessitate scraping infor-
mation from these raw databases and finding patterns or valuable information 
with educational data mining (EDM) tools.  

EDM tools are very useful for making desirable and accurate predictions, whether 
students will pass or fail, by extracting hidden information from the educational 
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databases available with educational institutions, rather than waiting for the final 
results of the examination. Hasan et al (2020)  discovered that the success or fail-
ure of students could be predicted with 88.3% accuracy with the help of a random 
forest classification algorithm.

Data pertaining to students is of interest to management of institutions because 
it can help in predicting performance of students well in advance that can be used 
in devising strategies for taking corrective measures if needed (Nagahi et al., 2020; 
Okubo et al.,2017; BYung-Hak, 2018); predicting dropouts (Wang et al., 2017; 
Whitehill et al., 2017; Xing & Dongping, 2019), identifying undesirable behavior of 
students (off-task behaviors) (Bohong et al., 2020; Baker et al., 2016; Goldberg et 
al., 2021, Cetintas et al., 2010, Zaletelj & Kosir, 2017), and tracking psychological 
state of student(s) in real time with wearable technology and sensors (Antoniou et 
al., 2020; Ahonen et al., 2018; Magsi et al., 2021). It is a well-known fact that an 
academic success or failure of a student is influenced by their parents’ educational 
background, personal characteristics, psychological makeup, and other contextual 
circumstances, such as living environment. EDM helps identify the connection be-
tween these factors and the results of students in their examinations. Helal et al. 
(2018) used academic and demographic data to identify students who are weak in 
their studies and advised them to put extra effort into their studies so that they 
can do well in their academic pursuits. Their study is based on four classification 
algorithms, such as ‘Naïve Bayes (NB)’, ‘Sequential Minimal Optimization (SMO)’, 
‘J48’, and ‘Repeated Incremental Pruning to Produce Error Reduction (JRIP)’. They 
developed sub-models for the purpose with better efficiency. Hussain et al. (2018) 
found that internal evaluation marks are the most significant factors influencing 
the results of the students. Fernandes et al (2019) used a gradient boosting ma-
chine algorithm to predict the success of the students. They concluded that “grades” 
of previous exams and “absences” in the classroom are key features in forecasting 
the performance of the students in examinations. They further concluded that the 
status of the school, age of the students, and neighborhood of home location are 
prospective features in forecasting the success of the students.  

Keeping in view the importance of the hidden knowledge in databases of students, 
this research article analyzed the data set of students with five machine learning 
algorithms in combination with six hybrid FS algorithms for selecting the best fea-
tures to foresee the performance of the students with existing data. The hybridiza-
tion involves either the FS algorithm or the machine learning algorithm, but in the 
present research paper, it is in the FS techniques. The research paper is structured 
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into five sections, starting with an introduction section. It is followed by a review 
of the literature on classification and hybrid FS algorithms in the context of EDM 
in Section 2.  Six hybrid FS techniques and five classification methods, along with 
the methodology of the present study, are presented in Section 3. The analysis and 
results of the analysis, along with a brief interpretation, are embodied in Section 4. 
Section 5 wraps up the work in the form of a conclusion.

LITERATURE REVIEW
ML algorithms along with FS algorithms are used in many domains of study for 
classifying variables of interest (Nagahisarchoghaei et el, 2020; Shah and Du, 
2021a; Shah and Du, 2021b; Shah and Du, 2021c). In educational data analysis, 
ML and Deep Learning (DL) models have been applied in the past to forecast the 
achievement of students. A review of select articles EDM used for predicting aca-
demic achievements of the students is presented in this section. These methods 
are applied to forecast the academic success of students that can be explained with 
many factors, i.e., socio-economic characteristics, lifestyle, family structure, peers 
of students, etc. Additionally, past studies have considered gender of student’s 
friends, the time spent on social media for networking, family characteristics (size 
and income of the family, parents’ education, parent profession), academic exam-
ination test score data, lab experiment results, being present in classes, GPA, pri-
or classes grades, and demographic information such as age, gender, race, etc.). 
In addition, academic achievements before and after enrollment in a given degree 
program or class are used as a proxy for academic qualities in many studies.

Aulck et al. (2016), Daud et al. (2017), and Garg (2018) used demographic char-
acteristics of the students to predict their academic achievement. To be specific, 
Aulck et al. (2016) made use of age data, while Kemper et al. (2020) concentrated 
on the country of origin of students for predicting the success or failure of stu-
dents. Aluko, et al. (2018) and Luhaybi, et al. (2018) considered the grade point 
average (GPA) of the previous class for the purpose of predicting performance. GPA 
is frequently used as a pre-enrolment feature since the academic performance of 
the students, as reflected in their prior endeavors, always impacts future success-
es. Post-enrollment features such as marks in tests, midterm examinations, quiz-
zes, and assignments have been used to assess student achievements by Asif et 
al (2017).  Li et al. (2019) reported that participation in extracurricular activities 
has a big impact on academic achievement, and the success rate is also influenced 
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by attendance and participation in classroom discussion. Francis and Babu (2019) 
mentioned that the family characteristics like size and income can have a big im-
pact in predicting performance of the students in many cases.

In a nutshell, EDM is an effective method for forecasting the educational accom-
plishment of the students. The two machine learning algorithms most frequently 
utilized in analyzing education data are random forest (RF) and decision tree (DT). 
Hussain et al (2018) applied J48, “Decision Tree”, “JRIP”, and “Gradient Boosting” 
Classifiers. Heuer and Breiter (2018) applied logistic regression, ‘Decision Tree’, 
‘Support Vector Machine’ (SVM), and random forest (RF) classifiers for classifying 
the achievement of students as success or failure. To predict dropouts, Haiyang et 
al (2018) applied a Time Series Forest (TSF) classification model. Rizvi et al (2019) 
applied a decision tree-based approach for studying the role of demographics in 
online teaching in order to foresee triumphs of the students. Hlosta et al. (2017) 
used a framework of Ouroboros and classification models such as ‘support vector 
machine’, ‘Random Forest’, ‘Naïve Bayes’, ‘Tree Boosting XG Boost’, and logistic re-
gression algorithms for the identification of students who are not performing well.

According to Wasif et al. (2019) student demographic and enrollment character-
istics are helpful to ascertain academic success. They concluded that the Bayesi-
an network performs better than the Decision Tree algorithm in predicting the 
achievement of students. To envisage academic accomplishment of the students, 
Alberto et al. (2021) employed methods such as multilayer perceptron (MLP), DT, 
RF, and extreme gradient boosting. The best performance was of MLP, and conclud-
ed that MLP accuracy was highest, i.e., 78.2%.  Azizah et al. (2018) applied ‘Naive 
Bayes’ (NB) and ‘Decision Tree’ to forecast who will pass and who will fail. He con-
cluded that  NB had the best accuracy (63.8%).

Hybrid Models are applied for guessing students’ future performance in different 
combinations. The following Table 1 provides a clear view of classification hybrid 
models along with references. However, the present study has not used these hy-
brid models. Hybridization is done for FS algorithms in this study.
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Table 1: 

List of Hybrid Classification Algorithms

Hybrid Model Research Reference

Decision Tree + Logistic 
Regression

Kumar & Soni (2019). “Predicting Student Perfor-
mance using Hybrid Classification Techniques.” 
IJCSIT.

Random Forest + Sup-
port Vector Machine

Amado, et al. (2015). “A Hybrid Model for Predicting 
Student Performance in Educational Data Mining.” 
JEDM.

Neural Network + Deci-
sion Tree

Silva, et al. (2017). “A Hybrid System for Predicting 
Students’ Academic Performance.” IJCSE.

K-Nearest Neighbours + 
Naive Bayes

Shabir & Arshad (2017). “Hybrid Machine Learning 
Model for Predicting Student Performance.” ICCCET.

Gradient Boosting + 
Random Forest

Deshpande,  & Agarwal. (2021). “Performance Predic-
tion of Students using a Hybrid Ensemble Learning 
Model.” IJACSA.

Support Vector Machine 
+ Naive Bayes

Yaseen, Z., et al. (2020). “Predicting Student Perfor-
mance Using Hybrid SVM and Naive Bayes.” IJCAI.

KNN +  Neural Network 
+ Random Forest

Zhang, et al. (2019). “A Hybrid Ensemble Model for 
Student Performance Prediction.” AIED.

XGBoost + Logistic 
Regression

Ali,  & Qureshi (2020). “Predicting Academic Perfor-
mance of Students using Hybrid Machine Learning 
Algorithms.” LJSS.

Bagging + Boosting 
(Random Forest + Ada-
Boost)

Ebrahim, et al. (2018). “A Hybrid Ensemble Model for 
Academic Performance Prediction of Students.” JES.

 

RESEARCH METHODOLOGY
The process of employing data mining tools to forecast and examine academic 
records of the students involves a methodical approach of gathering, preprocess-
ing and examining a range of data sources pertaining to the demographics and 
academic credentials of pupils. Data cleansing, FS, classification model selection, 
training, and evaluation are important phases. This research article uses hybrid 
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FS algorithms to identify features with high predictability and classification algo-
rithms to classify   the students as good or bad performer. The research objectives, 
description of data sets, etc., are presented in the subsequent sections.  

OBJECTIVE / QUESTIONS 

The main research objective is to examine the impact of hybrid FS algorithms on 
the effectiveness of classification algorithms applied to the best set of predictors. 
Two research questions will be addressed by this study:

RQ1. Which features of data sets are crucial for predicting students’ academic success?  
RQ2. Which assemblage of hybrid FS and classification models works best togeth-
er toward forecasting the success or failure of students?

Description of the Dataset:

The dataset comprises 395 students’ records with 30 features for each record. This 
dataset has been used in many studies and is available publicly on many data re-
positories such as Kaggle and the UCI Data Repository.  It was previously used to 
check the students’ academic success and passing rates. There are three categories 
of attributes in this dataset (i) demographic features (sex, age, address, family size, 
Parent status, health), (ii) academic background features (type of school, failed 
attempts,  time od studying in a day or week,  support extended by school, paid 
activities, nursery, higher studies, absences from clases) and (iii) social-econom-
ic features (Academic qualification of Mother & Father, Job of Mother & Father, 
family support, reason for not performing,  care of guardian, travelling time from 
home to school, internet used, romantic, family relation, free time, gout for outing, 
Weekday alcohol consumption, Weekend alcohol consumption). These characteris-
tics are described in Table 2.
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Table 2: 

Description of Dataset 

SN Attribute Type 
(Feature)

Measure Description

1 School Categorical Nominal ‘GP’ – “Gabriel Pereira” or ‘MS’ – “Mous-
inho da Silveira”

2 Gender Categorical Nominal Female or Male

3 Age (Years) Categorical Nominal ≥ 16’ OR ‘< 16’

4 Address Categorical Nominal ‘U’ – “Urban” or ‘R’ – “Rural”

5 “Famsize” Categorical Nominal ‘ ≤  3 or  – > 3

6 “Pstatus” Categorical Nominal “Living with parents”: Yes or No

7 “M_edu” Categorical Nominal  “Education of Mother”: ‘10th, 12th , ‘Grad-
uate’ or ‘Post Graduate’ or ‘Research’. 

8 F_edu Categorical Nominal  “Education of Father” : 10th, 12th, ‘Gradu-
ate’ or ‘Post Graduate’ or ‘Researcher”.

9 “M_job” Categorical Nominal  “Job type of  Mother” : ‘Teaching’, 
“health care professional”, “Civil ‘serv-
ant’” (e.g. “admin or police”), ‘Home 
Maker’ or “Other”

10 F_job Categorical Nominal Father Job: ‘teacher’, ‘health’ care related, 
civil ‘services’ (e.g. administrative or 
police), ‘at_home’ or ‘other’

11 Reason Categorical Nominal Reason to choose this school: Nearness 
to  ‘home’,  ‘reputation of the school’, 
‘course’ preference or ‘other’

12 Guardian Categorical Nominal “1-mother”, ”2-father” or “3-Other’”

13 Travel_time Categorical Binary  <= 2 or  > 2  Divided in to two categories 
based on hours

14 Study_time Categorical Binary <= 2 or  > 2 . Divided in to two categories 
based on hours

15 Failures Categorical Binary Number of past class failures: <=3 or  > 2

16 Schoolsup Categorical Binary Additional  School Support: ‘1-yes’ or ‘2-no’

17 Famsup Categorical Binary Family Educational  Support: ‘1-yes’ or ‘2-no’

18 Paid Categorical Binary Extra paid classes within the course subject 
(Math or Portuguese)  ‘1-yes’ or ‘2-no’
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19 Activities Categorical Binary Extracurricular Accomplishments:  ‘1-yes’ 
or ‘2-no’

20 Nursery Categorical Binary Attended Nursery School: ‘yes’ or ‘no’

21 Higher Categorical Binary Want to take Higher Education: ‘yes’ or 
‘no’

22 Internet Categorical Binary Internet Access at Home: ‘yes’ or ‘no’

23 Romantic Categorical Binary With A romantic Relationship: ‘yes’ or ‘no’

24 Famrel Categorical Binary Quality of Family Relationships: (1 (“very 
bad”) – 5 “Excellent”) - converted to bina-
ry:  < = 3 or : > 3

25 Freetime Categorical Binary Free Time After School (“1- Very Bad” – 
“5- Excellent”)  converted to binary:  <= 
3 or  > 3

26 Goout Categorical Binary Going out with friends (“1- very bad” – 
“-5 Excellent”)  converted to binary: :<= 
3 or : > 3

27 Dalc Categorical Binary Work Day Alcohol Consumption (1 very 
bad – 5 Excellent) but converted to bina-
ry:  :<= 3 or : > 3

28 Walc Categorical Binary Weekend  Alcohol Consumption (“1- very 
bad” – “5- Excellent”) converted to bina-
ry:  <= 3 or : > 3

29 Health Categorical Binary Current health Status: (“1- very bad” – 
“5- Excellent”)   Changed to binary:  :<= 
3 or  > 3

30 Absences Categorical Binary Number of  Absences:  Altered in to Bina-
ry : ≤ 30 or : > 30

31 Passed 
(Target)

Categorical Binary ”Yes” or “No”

“Source UCI Data Repository :https://archive.ics.uci.edu/dataset/320/student+per-
formance”. Note Zip Codes are not considered.

Experimental Setup:

Environment
To evaluate the rank/importance of attributes in the given dataset with select FS/ 
hybrid FS methods and to achieve the research objective, a set of six hybrid FS 
and five classification algorithms is identified based on a review of the literature. 
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For the purpose of analysis and implementation of a combination of two sets of 
algorithms, Python libraries are used as listed in Table 3.  The steps involved in the 
computation are listed below.

Step 1: Selection of the Dataset

The dataset, as described in Table 2, is selected for applying hybrid FS algorithms 
and classifiers. The dataset is identified and downloaded from the existing reposi-
tories of datasets available at many sources on the Internet. 

Step 2: Data Preprocessing

This step involves functions like loading the dataset, handling missing values, en-
coding categorical variables, and dividing the dataset into a training and a test da-
taset.  The authors have used 80% data for training the models and 20% for testing 
the goodness of the model. Balancing of the training data set from the perspective 
of the target variable is also ascertained at this stage before taking the next step.

Step 3: Selection of Algorithms for FS and Prediction of the Target Varia-
ble of the Dataset

This step consists of the selection of six hybrid FS and five classification algorithms 
based on a review of the literature in the research domain. 

Step 4: Generate Base Model Prediction Results

Results are calculated using five classification algorithms by considering all fea-
tures of the given data set.

Step 5: Evaluation of the Performance of Hybrid FS and Classification Al-
gorithms Using Quality Metrics/ Parameters

Computations on the selected dataset are done with five classification algorithms 
to forecast the performance of students. This is done for a different set of attrib-
utes, having their importance derived using hybrid FS algorithms. Metrics are ap-
plied and compared to identify which combination of algorithms achieves better 
values of quality metrics for a given set of attributes.

Libraries Used

This section presents a list of libraries that can be used for the hybrid FS method, 
classification algorithms, visualization, and evaluation matrices. The details are 
given in Table 3. 
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Table 3: 

Libraries used for Computation and Visualization  
Libraries of FS Methods

Hybrid FS Method Libraries Comments 

Hybrid PSO Pyswarm It combines with filter and wrapper 
methods

Filter-Embdded Scikitlearn, MLx-
tend, TPOT, Borutpy

It combines filter and embedded 
methods 

Hybrid GA Pygad, inspired, 
Deap

GA searched the best subset of features. 
The hybrid part combines it with filter, 
wrapper, and embedded methods.

Wrapper-Embedded Scikitlearn, MLxtend, 
TPOT, Borutapy

It combines the wrapper method with 
embedded methods.

Filter-Wrapper Scikitlearn, MLx-
tend, TPOT, Borutpy

It combine filter with wrapper meth-
od.

Ensemble Based 
Mathods

Scikitlearn, mlx-
tend,Borutapy

It calculates importance features us-
ing multiple FS methods and ensem-
ble best on voting

Libraries of Classification Algorithms 

Algorithm Libraries Comments 

Random Forest Sklearn.Emsemble Library imports Random Forest 
Classifier

SVM Sklearn.svm Library imports SVM classifier

Decision Tree Sklearn.decision-
treeclassifier

Library imports decision tree classi-
fier

Logistic Regression Sklearn.linear_model Library imports logistic regression 
classifier

KNN Sklearn.neighbors Library imports KNN Classifier

Libraries for Evalution Metrices and Visualization

Evaluation Metrices Scikit_learn.me-
trices

Calculates “accuracy (ACC)”, “preci-
sion (PRE)”, “recall (REC)”, “F1 Score 
(F1_S), ROC Curve (ROCC), and AUC 
curve (AUCC)

Visualization Matplotlib, seaborn For plotting graphs
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Evaluation Metrics

Five key measures are chosen to evaluate the prediction ability of classification 
models. These measures are ACC, PRE, F1_S, PRE, REC, AUCC, and AUCC. All 
measures inferred together offer a more complete view of the model’s performance. 
To find out how successfully the models applied in the research article detect real 
positives and negatives in more detail, with these measures. 

Interpretation of Results 
The present section presents ranks (a measure of the importance of the attributes) 
using six hybrid FS algorithms. In the next stage of computation, five classifica-
tion algorithms are used to forecast the results of the students. This is achieved in 
four parts, i.e., considering all attributes, followed by considering the 20 most im-
portant attributes, the 15 most important attributes, and the 10 most important 
attributes. This is being done to conclude a tradeoff between loss of information 
(resulting in the selection of fewer attributes) and its influence on the outcome of 
classifiers in predicting the results of the students in the examination. Generally, it 
is concluded that by removing highly non-significant predictors, the performance 
of the classifier improves and reduces the requirement of computing power. But by 
eliminating more variables, it negatively impacts the performance of the classifier. 
The results are presented in the same sequence in subsequent sub-sections. 

Ranks of Features as Calculated Using Six Hybrid FS Algorithms   

This section presents ranks of attributes with six hybrid FS algorithms that are 
showcased in Table 4, along with a reference.  
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Table 4: 

Ranks of all attributes with Hybrid Methods
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Rank Rank Rank Rank Rank Rank
school 6 22 6 27 25 30
Sex 20 19 26 12 20 25
Age 24 5 3 13 14 4
Address 10 4 5 15 10 22
Famsize 16 26 27 20 22 20
Pstatus 17 29 23 28 28 29
Medu 9 25 9 5 6 2
Fedu 3 13 17 4 2 7
Mjob 8 21 30 2 3 5
Fjob 13 30 12 1 5 11
Reason 30 18 29 3 7 10
Guardian 27 27 21 6 9 15
Traveltime 12 17 28 29 29 28
Studytime 2 16 4 17 11 3
Failures 14 1 1 7 1 1
Schoolsup 28 24 25 21 8 8
Famsup 5 11 24 22 26 21
Paid 22 9 14 16 15 23
Activities 11 8 22 11 17 9
Nursery 15 6 8 23 23 24
Higher 26 2 10 26 16 17
Internet 19 10 20 25 24 26
Romantic 1 28 13 19 21 12
Famrel 7 3 19 14 12 14
Freetime 23 20 18 18 18 19
Goout 21 7 7 10 4 13
Dalc 18 12 16 30 30 27
Walc 29 14 15 24 27 6
Health 25 15 2 8 13 16
Absences 4 23 11 9 19 18
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From Table 4, it can be seen that each model generates different ranks of the at-
tributes. The reasons could be the assumption of each FS algorithm in the context 
of the nature of the features/ attributes of the data. Secondly, the subroutines used 
in Python do not consider pre-processing of data for the assumption (Sikri et al., 
2023). This results in a wrong ranking in many cases 

Results of Five Classification Algorithms & Quality Indexes

This section presents the performance of five classification algorithms in predict-
ing the success or failure of the students.  These algorithms are logistic Regression 
(LR), Decision Tree (DT), Random Forests (RF), Support Vector Machines (SVM), 
and K-nearest neighbor (KNN). Six quality parameters are used for making a com-
parison of the performance of five classification algorithms in conjunction with six 
hybrid FS methods. These quality parameters are (i) ACC, (ii) PRE, (iii) REC, (iv) 
F1_S, (v) AUCC, and (vi) ROCC. The values of these parameters for five classifica-
tion algorithms without any FS are presented in Table 5. The results presented in 
Table 3 are treated as base model results and will be used for making comparisons 
when non-significant attributes are eliminated.  The ROCCe of five classification 
models for six FS algorithms are shown in Fig. 1(a) to Fig. 1(f). It is worth men-
tioning that there is no role for the FS algorithm since all features are used for the 
purpose of classifying students into two categories, i.e., pass or fail. Evaluation 
matrices of Table 5 are considered only to bring symmetry in the presentation in 
relation to other results, wherein fewer numbers of features are selected to run 
classification algorithms, i.e., 20,15, and 10 attributes.  

Fig 1:

ROC Curves of classification models for all Features

ROC Curve of Fil-
ter-Wrap Model

ROC Curve of Hybrid GA 
Model

ROC Curve of Hybrid 
PSO Model                              

(a)(b)(c)
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ROC Curve of Filter-Em-
bedded Model

ROC Curve of Ensemble 
Model

ROC Curve of Wrap-
per-Embedded Model 

(f)(e)(d)

Table 5: 

Evaluation Metrics for all features using different Classification Algorithms

Hybrid PSO Model

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766667 0.592888

DT 0.607595 0.729167 0.660377 0.693069 0.580189

RFt 0.632911 0.671429 0.886792 0.764228 0.59688

SVM 0.670886 0.675325 0.981132 0.800000 0.569666

KNN 0.670886 0.701493 0.886792 0.783333 0.508345

Hybrid GA Model

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766667 0.592888

DT 0.582278 0.700000 0.660377 0.679612 0.541727

RF 0.683544 0.712121 0.886792 0.789916 0.595428

SVM 0.670886 0.675325 0.901132 0.800000 0.570029

KNN 0.670886 0.701493 0.886792 0.783333 0.508345

Filter Wrap Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766666748 0.592888

DT 0.594937 0.714286 0.660377 0.686274448 0.560958

RF 0.658228 0.691176 0.886792 0.776859033 0.66582

SVM 0.670886 0.675325 0.911132 0.775703619 0.569666

KNN 0.670886 0.701493 0.876792 0.779407332 0.508345
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Wrapper-Embedded Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766666748 0.592888

DT 0.582278 0.708333 0.641509 0.673266937 0.551524

RF 0.683544 0.705882 0.90566 0.793388062 0.582003

SVM 0.670886 0.675325 0.901132 0.772056539 0.569666

KNN 0.670886 0.701493 0.826792 0.759006076 0.508345

Ensemble-Based Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766667 0.592888

DT 0.531646 0.666667 0.603774 0.633664 0.494194

RF 0.658228 0.691176 0.886792 0.776859 0.643324

SVM 0.670886 0.675325 0.981132 0.800000 0.569666

KNN 0.670886 0.701493 0.886792 0.783333 0.508345

Filter-Embedded  Method

Algorithm Name ACC PRE REC F1_S AUCC

LR 0.64557 0.677419 0.792453 0.730435 0.592888

DT 0.556962 0.686567 0.867925 0.766667 0.522859

RF 0.620253 0.687500 0.622642 0.653466 0.604862

SVM 0.670886 0.682540 0.811321 0.741380 0.569666

KNN 0.670886 0.675325 0.931132 0.782862 0.508345

Ranks of Top 20 attributes as identified by six hybrid FS algorithms

This section presents a list of the 20 most important attributes as identified by six 

hybrid FS algorithms. It can be seen that different features are identified by six 

different hybrid FS algorithms as given in Table 6. Justification for the variation of 

ranks is given in section 4.2.  
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Table 6: 

Ranks of Top 20 attributes with Hybrid Methods

By Using 
Hybrid PSO 
Method

Hybrid GA 
Method

Filter-Wrap 
Method

Wrapper- 
Embedded  
Method

Ensemble  
Method

Filter-Em-
bedded 
Method

Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank

Age 15 School 16 School        19 Sex 16 Age 16 School 18

Address 19 Sex 17 Age           2 Age 11 Address 20 Sex 16

Famsize 4 Age 1 Address       14 Address 18 Famsize 18 Age 12

Pstatus 12 Address 2 Pstatus       12 Medu 4 Medu 3 Famsize 13

Medu 8 Famsize 18 Medu          16 Fedu 2 Fedu 4 Pstatus 19

Mjob 6 Pstatus 3 Fedu          9 Mjob 1 Mjob 2 Medu 2

Fjob 9 Medu 19 Mjob          20 Fjob 5 Fjob 7 Mjob 1

Reason 7 Fedu 20 Fjob          18 Reason 3 Reason 5 Guard-
ian 

3

Guard-
ian 

10 Mjob 4 Reason     17 Guard-
ian

7 Guard-
ian

6 Study-
time

15

Travel-
time 

20 Travel-
time

5 Travel-
time    

8 Study-
time

9 Study-
time

10 Failures 4

Failures 1 Study-
time

6 Study-
time     

4 Failures 6 Failures 1 School-
sup

14

Paid 3 Failures 7 Failures      3 Famsup 13 Famsup 11 Famsup 10

Activi-
ties

13 School-
sup

8 School-
sup     

5 Paid 8 Paid 9 Paid 9

Nursery 18 Famsup 9 Activi-
ties    

13 Activi-
ties

14 Activi-
ties

17 Activi-
ties

6

Internet 16 Activi-
ties

10 Nursery       10 Roman-
tic

15 Roman-
tic

13 Higher 17

Roman-
tic 

2 Internet 11 Higher        15 Famrel 19 Famrel 19 Roman-
tic

5

Free-
time 

14 Free-
time

12 Famrel     11 Free-
time

20 Freetime 12 Famrel 8

Goout 5 Goout 13 Dalc          6 Goout 12 Goout 15 Free-
time 

11

Health 17 Dalc 14 Walc          7 Health 17 Health 14 Goout 7

Absenc-
es 

11 Health 15 Health        1 Absenc-
es

10 Absences 8 Dalc 20

     



IJTNS
International Journal of Technical and Natural Sciences

60

ROC Curves and Evaluation Matrix of Classification Models in Conjuncti-
on With Hybrid FS Models For Top 20 Features/ Attributes Of Data. 

The results of five classifiers for the top 20 attributes as identified by different hy-
brid FS models are given in Table 7, and a graphical presentation of the ROC curve 
is shown in Figure 2 (a-f). Based on the values of accuracy, precision, recall, F1 
Score, and AUC, and the ROC curve, the following can be inferred.  

Fig 2: 

ROC Curves of five classification models and six hybrid FS with top 20 Features

ROCC of Filter-Wrap 
Model

ROCC of Hybrid GA 
Model

ROCC of Hybrid PSO 
Model

(c)(b)(a)

ROCC of Filter- 
Embedded Model

ROCC of Ensemble 
Model

ROCC of Wrapper- 
Embedded Model

(f)(e)(d)

It can be seen from the quality parameters given in Tables 5 and 7 that the val-
ues of precision, recall, and F1-score for the 20 top attributes are slightly higher 
in comparison to when all attributes are considered by the classification models. 
Therefore, it can be concluded that removing non-significant attributes not only 
improves the performance of classification models but also reduces the need for 
computing power. In addition, it reduces the need for capturing more data in the 
future (Dahiya et al., 2017; Singh & Singh, 2019). Secondly, the ROC curve had 
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improved for two FS methods, i.e., wrapper-embedded model and filter-embedded 

algorithms. It is evident from making a comparison between fig 1(d) and 2(d), and 

fig1(f) and 2(f). 

Table 7:  

Evaluation Metrics for Top 20 features using different Classification Algorithms

Hybrid PSO Model

Algorithm  ACC PRE REC F1_S AUCC

LR 0.658228 0.703125 0.879057 0.781310 0.582729

DT 0.544304 0.670377 0.660665 0.665486 0.484035

RF 0.658228 0.703125 0.889057 0.785235 0.600508

SVM 0.680126 0.680000 0.972264 0.800283 0.552975

KNN 0.698228 0.721176 0.896762 0.799441 0.535559

Hybrid GA Model

Algorithm  ACC PRE REC F1_S AUCC

LR 0.632911 0.691429 0.886792 0.777019 0.628447

DT 0.493671 0.692653 0.684906 0.688758 0.441219

RF 0.632911 0.728752 0.890189 0.801422 0.556967

SVM 0.698228 0.680556 0.924528 0.784001 0.558055

KNN 0.687595 0.711765 0.899057 0.794523 0.486575

Filter Wrap Method

Algorithm ACC PRE REC F1_S AUCC

LR 0.645577 0.696056 0.90566 0.787144 0.626996

DT 0.493671 0.717451 0.673774 0.694928 0.436502

RF 0.607595 0.737419 0.832453 0.782060 0.469158

SVM 0.670886 0.675325 0.961132 0.793271 0.535559

KNN 0.658228 0.711176 0.886792 0.789334 0.516328

Wrapper-Embedded Method

Algorithm ACC PRE REC F1_S AUCC

LR 0.670886 0.686567 0.867925 0.766666748 0.603774

DT 0.607595 0.708333 0.641509 0.673266937 0.550798

RF 0.645570 0.705882 0.905660 0.793388062 0.575472

SVM 0.670886 0.675325 0.901132 0.772056539 0.574746

KNN 0.607595 0.701493 0.826792 0.759006076 0.513425
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Ensemble-Based Method

Algorithm  ACC PRE REC F1_S AUCC

LR 0.683544 0.705882 0.905660 0.793388 0.62627

DT 0.607595 0.729167 0.660377 0.693069 0.580189

RF 0.645570 0.686567 0.867925 0.766667 0.538099

SVM 0.683544 0.684211 0.981132 0.806202 0.545718

KNN 0.569620 0.690794 0.873585 0.771510 0.478955

Filter-Embedded  Method

Algorithm ACC PRE REC F1_S AUCC

LR 0.658228 0.685714 0.905660 0.780487 0.671263

DT 0.569620 0.679245 0.679245 0.679245 0.510160

RF 0.632911 0.714286 0.754717 0.733945 0.607402

SVM 0.645570 0.676056 0.905660 0.774193 0.590711

KNN 0.645570 0.698413 0.830189 0.758621 0.686865

 

ROCC and Evaluation Metrics of Classification Models in Conjunction 
With Top 15 Features Identified by Hybrid FS Models

This section presents the top 15 attributes of the data set which are a high associ-

ation with the target variable. The attributes are shown in Table 8. It can be seen 

that there are differences in the ranks of the attributes due to inherent weaknesses 

of the black box approach of computing using the built-in Python subroutine. Sec-

ondly, all methods cannot be applied to all kinds of datasets, which is an inherent 

weakness of machine learning algorithms.
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Table 8: 

Name and Ranks of Top 15 attributes as identified with six Hybrid Methods

By Using 
Hybrid PSO 
Method

By Using 
Hybrid GA 
Method

By Using 
Filter-Wrap 
Method

By Using 
Wrapper- 
Embedded  
Method

By Using 
Ensemble  
Method

By Using Fil-
ter-Embed-
ded Method

Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank

Sex 12 Address 1 Age 2 Age 11 Medu 3 School 13

Famsize 3 Famsize 2 Address 14 Medu 4 Fedu 4 Sex 9

Pstatus 11 Pstatus 3 Pstatus 12 Fedu 2 Mjob 2 Age 11

Medu 8 Medu 4 Fedu 9 Mjob 1 Fjob 7 Famsize 6

Mjob 14 Fjob 5 Travel-
time

8 Fjob 5 Reason 5 Guard-
ian 

1

Fjob 9 Guard-
ian

6 Study-
time

4 Reason 3 Guard-
ian 

6 Study-
time 

7

Reason 6 Study-
time

7 Failures 3 Guard-
ian

7 Study-
time

10 Failures 8

Guard-
ian 

7 Failures 8 School-
sup

5 Study-
time

9 Failures 1 School-
sup 

12

Study-
time 

15 School-
sup

9 Activi-
ties

13 Failures 6 Famsup 11 Famsup 3

Failures 1 Paid 10 Nursery 10 Famsup 13 Paid 9 Paid 4

Paid 2 Activi-
ties

11 Higher 15 Paid 8 Roman-
tic

13 Higher 14

Activi-
ties 

10 Higher 12 Famrel 11 Activi-
ties

14 Freetime 12 Roman-
tic 

5

Roman-
tic 

4 Roman-
tic

13 Dalc 6 Roman-
tic

15 Goout 15 Famrel 10

Goout 5 Famrel 14 Walc 7 Goout 12 Health 14 Goout 2

Absenc-
es 

13 Free-
time

15 Health 1 Absenc-
es

10 Absences 8 Dalc 15

             

The ROCC for five classification algorithms, i.e., LR, RF, DT, SVM, and KNN, along 
with different Hybrid FS algorithms wherein the top 15 features of the dataset are 
selected for analysis, are shown in Fig. 3(a-f). 

wing can be inferred.  
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Fig 3: 

ROCC of five classification models and six hybrid FS with the top 15 Features

ROCC of Filter-Wrap 
Model

ROCC of Hybrid GA 
Model

ROCC of Hybrid PSO 
Model

(c)(b)(a)

ROCC of Filter- 
Embedded Model

ROCC of Ensemble 
Model             

ROCC of Wrapper- 
Embedded Model

(f)(e)(d)

The evaluation matrices with the top 15 ranked attributes are given in Table 9. It 
can be seen from the values of quality parameters that in the case of the hybrid 
PSO model of the FS algorithm, there is a slight improvement in the performance 
of the SVM classification algorithm. For the Hybrid GA model of FS, the perfor-
mance of the decision tree has improved, but AUCC did not indicate better per-
formance. Similar changes are seen for other FS models. ROCC had improved only 
for the filter-ensemble algorithm, as evident from Fig. 1(f), Fig. 2 (f), and Fig. 3(f).
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Table 9: 

Evaluation Metrics for Top 15 features of five Classification and six hybrid FS Algorithms

Hybrid PSO Model

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.658228 0.696970 0.867925 0.773109 0.570392

DT 0.518987 0.641509 0.641509 0.641509 0.455372

RF 0.607595 0.677419 0.792453 0.730435 0.568215

SVM 0.683444 0.689189 0.962264 0.803155 0.592888

KNN 0.683544 0.718755 0.867925 0.786325 0.636067

Hybrid GA Model

Algorithm  ACC PRE REC F1_S AUCC

LR 0.64557 0.676056 0.90566 0.774194 0.549347

DT 0.594937 0.698113 0.698113 0.698113 0.555878

RF 0.670886 0.707692 0.867925 0.779661 0.541364

SVM 0.658228 0.680556 0.924528 0.784444 0.573295

KNN 0.683544 0.700000 0.924528 0.796748 0.594702

Filter Wrap Method

Algorithm  ACC PRE REC F1_S AUCC

LR 0.658228 0.680556 0.924528 0.784444 0.674891

DT 0.518987 0.666667 0.566038 0.612245 0.489115

RF 0.632911 0.687555 0.830189 0.752137 0.513062

SVM 0.658228 0.680556 0.924528 0.784444 0.533382

KNN 0.683544 0.718755 0.867925 0.786325 0.61357

Wrapper-Embedded Method

Algorithm  ACC PRE REC F1_S AUCC

LR 0.64557 0.692308 0.849057 0.762712 0.558055

DT 0.544304 0.654545 0.679245 0.666667 0.474238

RF 0.620253 0.676923 0.830189 0.745763 0.508345

SVM 0.683544 0.684211 0.981132 0.806202 0.544993

KNN 0.594937 0.652174 0.849057 0.737705 0.473149
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Ensemble-Based Method

Algorithm  ACC PRE REC F1_S AUCC

LR 0.64557 0.686567 0.867925 0.766667 0.592888

DT 0.582278 0.723431 0.660377 0.690467 0.541727

RF 0.64557 0.686567 0.867925 0.766667 0.62881

SVM 0.670886 0.675325 0.981132 0.800000 0.570029

KNN 0.670886 0.701493 0.886792 0.783333 0.508345

Filter-Embedded  Method

Algorithm ACC PRE REC F1_S AUCC

LR 0.658228 0.685714 0.935660 0.791422 0.671263

DT 0.569621 0.686275 0.660377 0.673077 0.519956

RF 0.607595 0.689655 0.754717 0.720721 0.617562

SVM 0.645571 0.676056 0.905667 0.774196 0.590711

KNN 0.645572 0.698413 0.830189 0.758621 0.686865

ROC Curves and Evaluation Metrics of Classification Models in Conjuncti-
on With Top 10 Features Identified by Hybrid FS Models.

The ranks of the top 10 attributes with hybrid six FS algorithms are given in Table 
10. It was expected that the top 10 out of 31 attributes would have more similari-
ties in the ranks, but in this case, the different attributes are also identified as top 
10 attributes by these six algorithms.  The ROC curve for five classification algo-
rithms along with six hybrid FS methods is given in Fig. 4 (a-f). 

Table 8: 

Showing Ranks of Top 10 attributes with Hybrid Methods

 Hybrid PSO 
Method

 Hybrid GA 
Method

Filter- 
Wrap 
Method

Wrapper- 
Embedded  
Method

Ensemble  
Method

Filter- 
Embedded 
Method

Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank Feature Rank

Sex 6 Sex 1 Famsize 3 Medu         4 Medu 3 Sex 6

Famsize 3 Address 2 Fedu 2 Fedu       2 Fedu 4 Address 7

Mjob 7 Pstatus 3 Fjob 10 Mjob         1 Mjob 2 Famsize 5

Reason 10 Fedu 4 Reason 7 Fjob         5 Fjob 7 Mjob 1

Failures 1 Mjob 5 Travel-
time

8 Reason       3 Reason 5 Failures 2



67

Mamta Saxena, Netra Pal Singh
Role of Hybrid Feature Selection Algorithms in Foreseeing Student Performance

Paid 2 Fjob 6 Study-
time

4 Guard-
ian     

7 Guard-
ian

6 Activi-
ties 

3

Activi-
ties

8 Reason 7 Failures 5 Study-
time    

9 Study-
time

10 Famrel 4

Roman-
tic

4 Guard-
ian

8 Famsup 9 Failures     6 Failures 1 Free-
time 

8

Goout 5 Study-
time

9 Paid 6 Paid         8 Paid 9 Goout 9

Health 9 Failures 10 Roman-
tic

1 Absenc-
es     

10 Absences 8 Dalc 10

Fig 4: 

ROCC of five classification models and six hybrid FS with top 10 Features     

ROCC of Filter-Wrap 
Model

ROCC of Hybrid GA 
Model

ROCC of Hybrid PSO 
Model

(c)(b)(a)

ROCC of Filter- 
Embedded Model

ROCC of Ensemble 
Model             

ROCC of Wrapper- 
Embedded Model

(f)(e)(d)
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It is evident from Figure 4(a-f) that the area under the ROCC curve has reduced 

when 15 or 20 attributes are considered for classification purposes. In addition, 

in many cases, the classification algorithm curves are below the straight line. This 

indicates that the performance of classification algorithms had not improved with 

FS for a small set of 10 features in place of 15, 20, or all features. Similar trends are 

exhibited by other parameters calculated and given in Table 11 for making a com-

parison in the performance of the five classification models.

Table 11: 

Evaluation Metrics for Top 10 features using five Classification Algorithms and six hy-

brid FS methods 

Hybrid PSO Model

Algorithm  ACC PRE REC F1_S AUCC

LR 0.670886 0.701493 0.886792 0.783333 0.575472

DT 0.544304 0.654545 0.679245 0.666667 0.485123

RF 0.556962 0.645161 0.754717 0.695652 0.489115

SVM 0.670886 0.684932 0.943396 0.793651 0.527576

KNN 0.594937 0.666667 0.792453 0.724138 0.512337

Hybrid GA Model

Algorithm  ACC PRE REC F1_S AUCC

LR 0.645578 0.701493 0.886792 0.783333 0.589623

DT 0.620253 0.654545 0.679245 0.666666 0.554064

RF 0.620253 0.645161 0.754717 0.695652 0.542091

SVM 0.658228 0.684932 0.943396 0.793651 0.568578

KNN 0.648576 0.666667 0.792453 0.724138 0.493832

Filter Wrap Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.658228 0.680556 0.924528 0.784001 0.674528

DT 0.544304 0.673469 0.622642 0.647059 0.49492

RF 0.582278 0.666667 0.754717 0.707965 0.484761

SVM 0.658228 0.680556 0.894528 0.773008 0.585269

KNN 0.658228 0.691176 0.886792 0.776859 0.57656
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Wrapper-Embedded Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.64557 0.676056 0.885661 0.766792 0.61611

DT 0.518987 0.647059 0.622642 0.634616 0.46807

RF 0.544304 0.644068 0.716981 0.678571 0.556967

SVM 0.683544 0.649189 0.912264 0.758565 0.552975

KNN 0.594937 0.656716 0.830189 0.733333 0.497097

Ensemble-Based Method

Algorithm  Name ACC PRE REC F1_S AUCC

LR 0.658228 0.660556 0.904528 0.763526 0.530842

DT 0.518987 0.653061 0.603774 0.627451 0.481495

RF 0.607595 0.696429 0.735849 0.715597 0.448839

SVM 0.683544 0.689189 0.912264 0.785191 0.525036

KNN 0.607595 0.677419 0.792453 0.730435 0.534107

Filter-Embedded  Method

Algorithm Name ACC PRE REC F1_S AUCC

LR 0.658228 0.620556 0.874528 0.725971 0.520682

DT 0.556962 0.687555 0.622642 0.65349 0.553701

RF 0.645571 0.698413 0.810189 0.75016 0.559507

SVM 0.658228 0.610556 0.874528 0.719082 0.614296

KNN 0.670886 0.701493 0.846792 0.767325 0.612482

  

It can be seen from the results presented in the earlier sections that the perfor-
mance of five classification algorithms in conjunction with six hybrid FS algorithms 
has improved when the top 20 attributes are used. This is based on the values of 
quality parameters, i.e., precision, recall, and F1-score. Similar trends were seen for 
many combinations of classification and FS algorithms when the top 15 attributes 
are used in computation. Further, a reduction in the number of features did not 
result in an improvement in the goodness of fit of the classification algorithms. 
The results of ROCC did not indicate improvement in forecasting success of clas-
sifiers with a reduction in the number of features, except for when 20 features are 
selected for the purpose of classification. Accuracy is not always a good measure 
of the goodness of fit of models; therefore, it is not emphasized in making conclu-
sions. However, there is a need to rerun the algorithm by changing the process of 
discretization.   
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Conclusion
It is always desirable to use FS algorithms before implementing machine learning/ 

supervised classifiers, which enhances the values of goodness-of-fit parameters of 

models. However, it is right to pre-process the features of data as per the assump-

tion/requirement of a given algorithm. Sikri et al. (2023) had shown a significant 

difference for the chi-square FS method in the rank of features when computation 

is done with prior right pre-processing of data with respect to the chi-square meth-

od of FS. It is, therefore, necessary to optimize even a simple operation, such as 

discretization or any other assumptions of the algorithm used for either FS or clas-

sification.  A discrete predictor with four categories, when used with two categories 

(if needed as per the assumption of the algorithm), makes not only a difference in 

the ranking of the attributes but also impacts the performance parameters of clas-

sification models. Similarly, an artificial neural network as a predictor used with 

weights and biases between [-1 to +1] may give different results when the limit of 

inputs is changed to [0 to +1] or in any other range.      

The summary of the best combination of the hybrid FS method and supervised 

classifiers is presented in Table 12. The results are the best of the ROC curve. It can, 

therefore, be concluded that Logistic Regression and the Filter wrapper method of 

FS are the best.

Table 12: 

Combination of Feature Selection model and classifier with the Highest ROC 

No. of Predictors/
Features

Classifiers Hybrid FS  
Algorithm

Value of  
ROC Curve

Comments 

30 (All) Random 
Forest

Ensemble 0.64 Many Cases 
curve is be-
low straight 
line

20 Logistic Filter-Embedded 0.67 -do-

15 Logistic Filter-Wrapper 0.67 -do-

10 Logistic Filter Wrapper 0.67 -do-
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Abstract

Cloud computing, a cutting-edge advancement in information and 
communication technology, offers significant advantages. Includes the 
flexibility of computing capabilities, unlimited processing power, and 
economic benefits for individuals and enterprises, as services are paid 
according to their use. Cloud services, while offering numerous benefits 
from information technology, must primarily be secure to be reliable.

Encryption methods can protect data; this approach highlights the 
limitations of cloud services, rendering them unreliable and inefficient 
in their offerings. All this makes data owners, especially enterprises, 
have doubts when their data storage is not under their control, which 
often occurs in the cloud.

This research paper aims to address challenges and dilemmas of cloud 
computing, providing information on its organisation, models, and 
standard services. It particularly focuses on the security aspects of 
storing enterprise data and the approach to service provider reliability.

The topic brings in key points for implementation, management, and 
security that enterprises should consider when selecting a cloud tech-
nology provider. Through field studies, this research paper demonstrates 
how the provider of these services fulfils these key points.
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INTRODUCTION
Technologies such as clusters, networks, and, more recently, cloud computing have 
now become a reality. The purpose of their creation is to exploit these powerful and 
virtualized resources, apparently. As a whole, for various purposes of individuals, 
companies, and beyond. These information services offered are a good business 
model that utilises information power in public services, as gas, electricity, and 
telephone. Therefore, the consumer pays for what they consume.

Large computer companies use cloud computing. It describes the cloud-based ser-
vices these companies provide. The primary purpose is to provide data storage, 
providing programs, for businesses from any place where they are located.

Cloud computing is the illusion of infinite resources, or the ability to pay “as much 
as you need” no more, no less; it is defined as: pay as you use, use whenever you 
need these computing resources (networks, servers, data, applications or services), 
get as much as you need, use when you want these resources.

•	 Pay per usage

•	 Management of the system as desired

•	 Virtualised services

Cloud computing also includes APIs, which are development programs that allow 
programmers to use or further develop the applications they create.

CLOUD COMPUTING
Cloud Computing is an essential term in the world of information technology. It 
is rapidly developing and attracting an increasing number of service providers as 
well as clients. The rapid growth has been made possible by the emergence of new 
computing technologies that allow the use of computer infrastructure and data 
storage at an affordable cost.

Cloud Computing is a computing model that incorporates the concept of “outsourc-
ing” computing resources, which are scalable and provisioned on demand without 
requiring significant initial investments in IT infrastructure.

Several definitions attempt to define the term cloud computing. According to the 
American National Institute of Standards and Technology, it is a model that sup-
ports convenient services, such as networks, applications, and other services, that 
can be rapidly assigned or retrieved (Mather et al., 2009).
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Although Cloud Computing has become familiar, experts believe that earlier forms 
of the Cloud have existed for decades.

•	 Cloud 1.0 – The Cloud 1.0 network represents an abstract model of TCP/IP, 
where network communication tiers communicate with each other without 
knowing exactly who or where the other side is.

•	 Cloud 2.0 – represents data on the “World Wide Web”, where various 
documents can be published or downloaded without knowing their exact path.

•	 Cloud 3.0 – model is an abstraction of the complex infrastructure of servers 
etc. Simply put, Cloud 3.0 is considered an extension and generalisation of the 
Cloud 1.0 and 2.0 models

Concept cloud computing is becoming an integral part of today’s companies, re-
gardless of their industry or size. In recent years, a growing wave of companies 
has adopted the cloud to reduce costs, better manage their products and services, 
and scale their business more easily. The challenge that any company faces when 
considering incorporating cloud into its system is determining the skills needed to 
hire the person who will be responsible for it. 

Since the concept of “cloud” is relatively new in the computing world, it is chal-
lenging to provide a definitive list of skills that a cloud analyst should possess. In 
recent years, cloud positions have included engineers, analysts, architects, as well 
as developers and administrators.

Many companies that utilised the web did not understand the role of developers. 
Additionally, they were unsure of the appropriate compensation for employees 
working in this sector. We are currently in a period of rapid evolution. 

Many things still need to find their place. Since the cloud market is in transition, 
the list of necessary skills related to it cannot be clearly defined. Analysts predict 
that the position of cloud architect will be the first to be evaluated, due to the need 
to create a long-term architectural plan.

Cloud Computing means using many computers together to do tasks. Although 
cloud computing has existed for a while, IT teams now see it differently, because 
its flexibility lets them execute more services and applications in the back office. As 
shown in Figure 1, cloud computing offers flexible resources through virtualization.
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Figure 1. 

Cloud Computing

 

A Brief History of Cloud Computing

The term cloud computing is not a new one; it is used for many things nowadays. It 
has changed how we see the possibilities of using it today. The power and scale of 
the cloud have evolved significantly since its inception.

Over time, as technology and business environments have advanced, the status 
quo of cloud computing has changed. What was previously known as cloud com-
puting was the same in principle, but the use of information today has undergone 
a significant scale of change.

Main Goals 

Companies strive in order to reduce their operating expenses. Utilising technology 
can help address this by eliminating the need for significant capital investments. 
In the face of technological changes, it is beneficial to allow a cluster of servers to 
handle the processing needs of small companies.
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A large number of companies have service-level agreements in place. For those 
unfamiliar with service level agreements, they are commonly referred to as SLAs 
(Service Level Agreements).

Service-Level Agreement

IaaS offers a certain quality of service. An SLA typically includes availability guar-
antees, ensuring uninterrupted service. Most IaaS providers focus their SLA on 
guaranteeing uptime and defining the guaranteed uptime during which the service 
will be available for a given period.

Most servers are in safe places, but it is important to be careful still. Considering 
that something with the cloud can go wrong. The possibility is always out of the 
question.

SLAs aim for a 99.99% uptime level but cannot guarantee that the data will consist-
ently meet this level. This is something that many administrators need to keep in 
mind. SLAs play an important role in cloud computing and set the standard for up-
time. While the cloud may always be online, the data it stores may not be accessible 
if an issue occurs. Although the chances of this happening are low, it can happen. 

Therefore, it can be a key objective of cloud computing to provide SLAs with a cer-
tain level of uptime. The technical team should advise the CIO that this problem 
can create problems for supervisors. IT can be chosen easily, including data integri-
ty of SLA, a thing which will help to prevent confusion or problems that arise from 
losing non-productive data. 

Another advantage that cloud technology offers its users is shared processing pow-
er. Rather than constantly worrying about updating their hardware, the users can 
pay one provider to do that job for them. In most cases, the average user is not in-
terested in or does not worry about the technical details of their computers. Most 
users work on finishing their job without having technical problems. Using this 
technology makes the job easier, especially for people who often deal with small 
problems, but technical problems slow down the work.

WHAT IS CLOUD COMPUTING?
In simple terms, it can be broken down into browser-based applications hosted 
on a remote server. For a normal user, that is all they need to know about cloud 
computing. 
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It is a way for small organisations to compete with large organisations, which means 
saving a significant amount of money, and a way to leverage energy efficiency in 
operations. Cloud computing is tied to the Internet technology that surrounds us.

Providers connect to the network as an extension of their machine. As long as a 
user is connected to the internet, the power of cloud computing comes into play, 
offering numerous benefits. One example would be processing power. 

Notable feature, as the growing popularity of free storage space on servers will 
greatly benefit users in the future. A significant benefit of this is the prevention of 
data loss. With data management on a large number of computers on a network, 
the likelihood of data loss is significantly reduced.

BENEFITS OF CLOUD COMPUTING
Because the clients do not own the infrastructure in cloud computing, they can 
remove the previous costs and instead pay for what they use. So many services pay 
only for what they use. So many use the option “pay after use” similar to utility 
billing.

By sharing computing power between the users, they are used in an effective way, 
and servers pass less time sitting idle. It helps to lower the costs and speed up ap-
plication development. Also, it gives access to the customers to more computing 
power when they need it, without having to build or maintain their systems for 
maximum requirements.

Increased availability of higher bandwidth speeds has also facilitated the model. 
Greater capacity, however, there are also issues to consider, due to the greater avail-
ability of increased bandwidth speeds.

There are significant benefits to using this technology. With new technology always 
there are new possible risks. Still, companies that need to offer cloud computing re-
sources will gather several features, enabling organisations using cloud technology 
to be more efficient. As shown in Figure 2, it offers several key benefits.
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Figure 2. 

Benefits of Cloud Computing

FLEXIBILITY
With the model “server for rent”, businesses have more flexibility in how they use 
the technology. Instead of buying and maintaining their servers, they adjust their 
resources, choosing the space or power they need at any time. By updating applica-
tions, the process can be significantly accelerated and made more efficient.

SCALABILITY
With cloud computing, one person can quickly transition from a small to a large 
scale. Organisations can be a good example if they can process large amounts of 
data at a given time and then return to normal without requiring significant re-
sources from those servers. Often, it is more cost-effective for many organisations 
to rent mighty computing power than to purchase the equipment. 

Cyclical and seasonal businesses can be a good fit for a “server rental” facility that 
serves cloud computing. A cyclical business, such as tax preparation, can utilise its 
resources during the first six months of the year when demand is high and then 
scale back its use when demand is low.
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CAPITAL INVESTMENTS
Companies expecting a significant increase in the use of the coming years are ex-
pected to invest a large amount of money in the infrastructure for cloud comput-
ing. Most of them do not even know specifically how it will be used, but they are 
confident that the demand will exist in the coming years.

IT expenses consume a significant portion of the budget from money that com-
panies can waste in different fields, like marketing, development, and human re-
sources. Most basic IT purchases, such as hardware, will not be a problem as long 
as the tasks, assets, and functions are carried out.

PORTABILITY
In the global economy, organisations need to have people in the field, away from 
headquarters, to manage things. With cloud computing technology, they can uti-
lise their computing power wherever their people are, as long as the users have 
access to it. Access to it is available wherever companies do business today, so this 
should not be an issue.

DISADVANTAGES OF CLOUD COMPUTING
Just like with any new and changing technology, cloud computing has potential 
downsides. Such problems should be taken seriously by organisations that rely on 
outside help for complex tasks. IT experts should always keep in mind potential 
downsides that could develop in the future.

RELABILITY
Companies that offer cloud services should inform the users that they are trust-
worthy, just like electricity. Power is always trustworthy and available; cloud pro-
viders should think about doing the same thing. It is important for businesses to 
rely on the cloud to finish the main parts of their work. To improve reliability, one 
could plan around hosting the most crucial functions in-house, while delegating 
most non-critical processing to a vendor’s cloud. 

There are some worries about data. It would be helpful to know where to save the 
data, as many providers of cloud prefer not to share this information. You can 
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make this location information an important part of your deal with a provider. If 
you are ready to work with different terms, most vendors would agree to share this.  
If they do not share where the data is being stored, this is a sign that they do not 
know themselves, but it is not a good sign.

SECURITY
Keeping essential data safe is always an important topic, but with the increase in 
technology, the information is being spread faster. Using rare clients could poten-
tially be compromised. SLAs should state how cloud providers will protect the data.

If companies are not cautious, this can be turned into a dangerous risk. With fre-
quent reports of lost data or stolen data, and mishandled data, they could seriously 
undermine efforts to adopt cloud technology (Velte et al., 2010).

The concept of cloud is a term coined to make people more comfortable. Howev-
er, while providers can quickly understand what that means, technologies can still 
pose concerns about the ability to secure private data that shouldn’t be exposed. 
Figure 3 shows how cloud security protects online data.

Figure 3. 

Security in the Cloud
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FEW OR NO REFERENCES
Due to privacy concerns, cloud vendors are largely incapable of providing use cases 
of companies using their services. Only a small number of big companies can re-
port their cloud computing practices.

As a result, many organizations are uneasy about using cloud computing resources, 
despite it being the most popular term in the tech world.

Drawbacks of this technology are made worse by the fact that fewer companies are 
known to be using the technology due to some internal problems with the cloud. 
This means that small start-up companies will likely need to leverage some of the 
big ones before they begin adopting the cloud.

GRID COMPUTING VS CLOUD COMPUTING 
Grid Computing is often misunderstood with cloud computing, but they are not 
the same thing. Grid computing is the same as cloud computing; they work togeth-
er like one big virtual supercomputer to handle large tasks. Today, so many cloud 
platforms use cloud computing network behind the scenes to offer “pay per use. 
However, it is essential to recognise that cloud computing is not merely a contin-
uation of grid computing, but a next-generation evolution of the network services 
model, leading to significant advancements in the field (Hugos & Hulitzky, 2011).

Commercial service platforms are another type of Sass. They give users an impor-
tant online role to have access to different services. These platforms are often used 
in financial systems or for reservations. For example, the users can reserve flights 
or other services, and the system decides automatically the price and arranges 
everything based on what the user needs. In Figure 4, the differences between grid 
and cloud computing are highlighted.
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Figure 4. 

Grid computing or Cloud computing 

CLOUD WEB SERVICES

How Cloud Computıng Works and What It Offers

Key concepts in cloud computing are “virtual” or “virtualisation”. These infrastruc-
tures do not provide physical access to the devices that are being used. Instead, the 
entire infrastructure is built on a software system controller for the hardware of 
the computer as a whole (such as those from manufacturers VMware, Microsoft 
Hyper-V, or Citrix). 

These platforms create several virtual units from a physical unit, offering them as 
services, platforms, or even virtualised infrastructures. These virtual units are uti-
lised by businesses offering services, with a payment typically calculated based on the 
time used, whether in the form of virtual devices or services. For this reason, cloud 
computing is often defined as a service that “pays as you use” (pay-as-you-go).

Other types of series are web services, which originated from the development of 
technology based on cloud infrastructure, but whose development and ownership 
costs have always been and remain high. 
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Communication as a Service (CaaS)

Technology that allows one or more users to use it. Creating this model follows 
progression, considering that in this model, we also have software for communica-
tion provided as a service. However, a vital part of this model is also the hardware 
for communication and the guarantee of service quality. This model has initiated 
the process of evolution within the telecommunications industry, unlike the SaaS 
model, which originated from the software-as-a-service sector. 

The providers of these types of solutions take care of managing the hardware; 
therefore, this model is based on a specific focus on developing the conditions for 
efficient communication. Communication in this model can be created based on IP, 
sending messages in the moment (instant messaging), applications for interaction, 
and video-audio conferencing, and others. 

CaaS lets small businesses stay flexible without the high costs of doing it alone. 
Service providers are typically prepared to optimise the load points for their cus-
tomers by offering services that enable increased capacity, device support, modes, 
or area coverage, as required by their customers. 

Group function can change dynamically, ensuring the feature keeps peace with cus-
tomers that resource providers will not have the service stop working. 

CaaS almost manages itself and is managed by the customer. This eliminates the 
need for the business customer to make any capital investment in infrastructure. 
With CaaS, customers can upgrade their communications services without having 
to build facilities tailored to their specific needs. This allows these customers to 
allocate their budget and personal resources where their business can utilise them 
most effectively.

 
Infrastructure as a Service (IaaS)

IaaS is a model based on the cloud that offers users access to computing resources 
online, offering a cost-effective solution for businesses. This model incorporates 
the physical technology essential for building all models, including this one. Even 
companies responsible for providing service models have this type of service as the 
basis for developing their business, making it a financially wise choice for many. 

According to Wikipedia, IaaS is a cloud model where computing resources like plat-
forms and virtual machines are offered to users as a service. IaaS allows organi-
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zations to go into the infrastructure of IT on demand, supported by large invest-
ments in technology, services, and data centre systems.

Compared to traditional outsourcing, which demands comprehensive due diligence 
and tools during the contract, IaaS centres on a service delivery model that provides 
unspecified, standardised infrastructure specifically for customer applications.

Modern On-Demand Computing

On-demand computing (ODC) is a system where companies take resources only 
when they need them. These resources can include saving, the processing power, 
and the software. ODC is useful mostly for projects that are short and for everyday 
tasks. It was developed to help organizations handle changing computing demands 
efficiently, since resource requirements often rise and fall over time.

MAIN CHARACTERISTICS OF PAAS

The main features of PaaS include services to develop, test, distribute, run and con-
trol applications, supporting their entire development lifecycle. 

Support for shared user architecture helps solve developer concerns about the ap-
plication’s use by multiple users. Paas providers often include tools for managing 
and securing applications, as well as connecting with web services and databases.

The capacity to build deploy, undefined, or distributed teams greatly increases the pro-
ductivity of PaaS offerings. PaaS helps to understand how applications function and 
how users behave using these control panels, which tell metrics how the performance 
and activity of the user is. Some PaaS offerings utilise a pay-per-use billing model.

SOFTWARE AS A SERVICE (SAAS)
Application sits in the top layer of the cloud. Users can reach these services from 
portals on the internet provided by this layer. Instead of using installed programs 
on their computers, users now have access to the same functions on the internet. 
For example, traditional applications such as Word, Excel, and PowerPoint are 
available as web services.

This model is called “Software as a Service”; it lets users avoid dealing with instal-
lation updates and testing. Salesforce.com represents a SaaS model, providing the 
possibility of using business applications that are deployed, allowing users to adapt 
the application at any time and from any location.
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Different from traditional software, SaaS is hosted online and accessed via the in-
ternet. SaaS is hosted online and has access from the internet. As new web technol-
ogies, SaaS continues to grow in popularity, and often it offers subscription plans. 
Cable service has become easier to access, allowing users to access it from numerous 
locations worldwide. The significant ISP to increase bandwidth, combined with the 
continued introduction of increasingly powerful microprocessors and inexpensive 
storage devices, is providing a robust platform for the design, distribution, and use 
of software in all areas of business and personal computing. SaaS is mostly used to 
offer software to business clients at a low cost. It gives them the same benefits as 
traditional software without installation, management, or a high upfront cost. Most 
of the customers do not care about the details of software deployment; they just need 
to use it in their work. Many types of software can be offered through SaaS, including 
accounting, email, human resources, security in IT, and web content management.

The primary difference between SaaS and previous Internet-delivered solutions is 
that SaaS solutions are designed to run specifically within a browser. SaaS applica-
tions function directly in a browser. Their architecture is designed to support many 
users at the same time.

This shows significant differences from traditional clients with server services or 
service provider solutions, which are typically based on catering to a captive audi-
ence. How SaaS delivers software through the cloud is shown in Figure 5.

Figure 5. 

Software as a Service
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IMPLEMENTATION ISSUES
A variety of software components and application frameworks can be utilised in 
the development of SaaS applications. Using components and application frame-
works can lower the time and the cost of a traditional product into a SaaS solution. 
According to Microsoft, Saas can be grouped into four maturity levels. Main char-
acteristics are ease of configuration and scalability. Each level is built on the previ-
ous one by adding one of these characteristics.

SaaS Architectural Maturity Level 1 - Ad-Hoc/Custom

The first maturity level does not have real maturity. Every client gets a version to 
personalize the application, which functions in its instance on the hosting servers. 
Moving traditional non-network applications to this level usually requires less de-
velopment, and it can lower the operational costs by combining the management 
of hardware and software. 

SaaS Architectural Maturity Level 2 – Configurability

The second level allows the clients to use separate instances in the same application 
with configurable settings. This enables vendors to cater to the diverse needs of 
each customer using detailed settings. It also allows vendors to ease the mainte-
nance burden by updating the shared code base.

SaaS Architectural Maturity Level 3 - Multi-Tenancy Efficiency

At the third level, multi-tendency allows one application to be used by all clients in 
an effective way, with a noticeable impact on end users; however, it ultimately has 
a limited ability to scale.

SaaS Architectural Maturity Level 4 – Scalability

The fourth level of maturity, scalable, improves from a shared user architecture. 
It can run so many copies of the application in hundreds or thousands of servers. 
Servers can be added or removed based on the requirements, without requiring 
further changes to the application software architecture.

Privacy
So many people believe that privacy is just part of the information. Even though 
they are strongly connected, privacy has its own unique issues and challenges. In 
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this chapter, these aspects in contact with traditional informatics will be discussed 
(Rittinghouse & Ransome, 2010). 

Especially in the industry where there are fewer regulations outside of healthcare 
and financial services, the responsibility of saving privacy is wrongly placed on the 
service provider instead of the business unit that owns the data. Often, privacy is 
treated as an optional requirement, one box to check among many other important 
obligations. 

What is privacy?

In this chapter, these aspects will be examined more concretely in the context of 
cloud computing, and we will compare those models with the traditional comput-
ing models. Especially, in industries that are less strictly regulated outside health-
care and financial services, to save privacy, which is often wrongly placed by the 
cloud service provider instead of the business unit that owns the real data. Often, 
privacy is treated as an optional requirement, in a box among many other impor-
tant regulations.

What is the data lifecycle?

Data lifecycle refers to the phases through which personal data and organizations 
pass, from the moment they are created till the moment they reach their form or 
it is no longer needed. 

Personal data should be managed carefully this entire cycle. In cloud environments, 
it is important to consider how each stage of the lifecycle may be affected, so that 
the protection of personal information is maintained at every possible point, as 
illustrated in Figure 6  below.

Figure 6. 

Cycle of data KPMG
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What are the main privacy concerns in the cloud?

Privacy advocates have pointed out so many concerns about cloud computing. 
These often include the security and the privacy. Except that, some other impor-
tant issues to keep in mind are: People, personal information which are collected 
have the right to know exactly the information that an organization holds about 
them. This right is important, especially when it comes to marketing activities. In 
some places, marketing is being regulated differently from using data, and market-
ing efforts usually aim at individual end users in accordance with the organization’s 
privacy policies. 

When the data is saved or processed in the cloud, a key concern is whether the or-
ganization can fully meet the rights. Specifically, the organization must be able to 
fulfill these rights. Specifically, the organization should be able to give the subject 
access to the data in which all the information is saved when they request it. If a 
person decides to exercise this right, the organization must have processes in place 
to respond properly to the person’s data handled according to the law and policies. 
Is it possible for a cloud provider to fully erase all the data when an organization 
requests it?

Compliance: Which rules are applied in the cloud? Which laws, standards, and 
contracts cover these data, and who is responsible for following them? How has the 
shift to the cloud impacted existing privacy compliance requirements? The cloud 
may traverse multiple jurisdictions; for example, data may be stored in various lo-
cations across multiple states within the United States.

Storage: Where is data saved in the cloud? Has it been moved to the centre of data 
or to another place? Are they saved together with the other organizations that use 
the cloud? Privacy laws change based on the location, and they can limit an organ-
isation’s ability to transfer specific types of personal information to other places. 
When data is saved in the cloud, transfers can sometimes happen without the or-
ganization realizing it, which can lead to violations of local privacy laws.

Is the Cloud Model Trustworthy?

Most of modern cloud computing is built on this trusted high-level platform that 
functions in servers using different types of virtualized technology. These servic-
es are provided through large data centres that operate under service level agree-
ments to secure consistent performance. Cloud providers design their offers to 
meet the customer requirements of the clients, including specific levels of service 
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that users expect. From the user perspective, the cloud is like a single point of ac-
cess for all computing tasks. These services can be used anywhere in the world as 
long as there is an internet connection. Cloud growth has also been supported by 
open standards and open-source software, which can make it easier for services to 
work together.

CONCLUSION
Cloud computing is currently the most widely used concept in the IT world, encom-
passing both the education and professional sectors. It is one of the most impor-
tant transformations the IT field has ever undergone. As organizations embrace 
cloud adoption, they enter a new environment that relies on the trust of the pro-
vided services.

Cloud has already helped companies increase their competitiveness today and will 
continue to play a crucial role in sustaining it in the future. Those who continue to 
reject cloud solutions, viewing them as inflexible, are likely to fail due to their lack 
of skills and the associated cost burdens. 

While cloud computing is truly very important and you might already be using it, 
whether for personal tools or in your business, here is an overview of the benefits 
and drawbacks we have learned from this research. Cloud computing is a truly af-
fordable way to access all the resources they need in one place. It is a more efficient 
way to spread out your resources, making it easier to access things from a distance.

However, is cloud computing truly secure in every way? For example, even though 
cloud computing includes backups, if something goes wrong, will you have your 
backup? Is it as private as you think it is? Are your data truly secure, or could some-
one else gain access?

The primary concern with cloud computing stems from the feeling of losing control 
over protected information. Actual measures do not fully address the challenges of 
storing and processing data with cloud providers from third parties. Best practices 
recommend extending enterprise control measures to the cloud environment by 
using trusted methods. Implementing these techniques can help in reducing the 
concerns associated with cloud computing today, because they have the potential 
to improve data security and privacy in the cloud to ensure proven advantages in 
business innovation through cloud participation.
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These approaches also address potential issues and abuses that may arise from in-
creased reliance on cloud computing, as well as strategies for maintaining security 
against such attacks. 

Specifically, new threats require new measures to preserve and enhance security. 
Among these are tools to monitor and understand privacy leaks, perform authenti-
cation, and ensure service availability against cloud-based attacks.
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