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EDITOR’S NOTE

THE PROGRESS, established in 2020, is one of four recent initiatives of Sri
Aurobindo Yoga and Knowledge Foundation. The core objective of our
organization is the transformation of consciousness in higher education. The
inspiration for this goal is the philosophy of Sri Aurobindo and the Mother,
especially the principles of Integral Yoga. We believe that true progress requires
consciousness of one’s role in one’s family, community, nation and the world. We
seek to create this distinctive awareness, especially among students, professors,
researchers and other key stakeholders in the field of education. At present, we

are associated with more than 28 higher education institutions, including IIT
Delhi.

In Integral Yoga, it is written that there are five layers of the mind: Physical, Vital,
Mental, Psychic, and Spiritual. In higher education institutes today, the teaching-
learning process is such that it functions till the Vital layer. There is no formal
curriculum for anything beyond that. That kind of learning only comes through
community, social and spiritual initiatives. Most higher education institutions
have already started different types of developmental projects, social work, etc.
Our objective is to create an organization that can connect all these other
institutions and then collectively, we can be a force for universal transformation.
To the broad vision of progress, we each bring our own unique perspective.
Together, we can refine our approach and make a difference globally, while being
rooted in our regional heritage.

In 2023, we launched a new initiative, ‘The Progress Journals’ with a mission to
highlight scholarly work on Sustainable Development in general and the
significance of the Sustainable Development Goals (SDGs) proposed by the UN,
specifically. This is our first issue and we are very grateful to all our contributors
and supporters. We aim to release this bilingual journal on a quarterly basis and
provide a space for new voices and fresh perspectives.

- Dr. Samarendra Mohan Ghosh
Editor-in-Chief
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Post Quantum Cryptography Mechanisms for Enhancing Security
in Government Healthcare Systems

Shanu Shrivastava'
Research Scholar, Department Of Mathematics, Anjaneya University

Prof. C Ramesh Kumar?
Professor, Department Of Mathematics, Anjaneya University

Prof. Manju Sanghi®
Professor, Department Of Mathematics, Anjaneya University

Abstract

Government healthcare systems manage massive volumes of sensitive patient data across hospitals,
primary care centers, and national health schemes. Digitization initiatives such as electronic health
records (EHRs), telemedicine platforms, and wearable medical devices have improved access to
healthcare but have simultaneously exposed public health data to cybersecurity threats. Classical
cryptographic algorithms like RSA and ECC are increasingly vulnerable due to the rise of quantum
computing. Post-Quantum Cryptography (PQC) provides algorithms resistant to quantum attacks,
ensuring confidentiality, integrity, and authenticity of patient information. This paper examines the
applicability of PQC in government healthcare systems, evaluates different quantum-resistant
algorithms, and proposes an adoption framework for large-scale national health networks. Using
literature review, simulation experiments, and expert consultation, this study concludes that lattice-
based algorithms such as Kyber and Dilithium are optimal for real-time government health data,
while hash-based schemes such as SPHINCS+ are ideal for archival systems. Implementation
challenges, policy implications, and a roadmap for nationwide deployment are discussed,
highlighting a future-ready approach to secure public healthcare infrastructures.

Keywords: Post-Quantum Cryptography, Healthcare Security, Lattice-Based Cryptography, Hash-
Based Signatures, Electronic Health Records (EHR), Telemedicine Security, Quantum Computing
Threats

1. Introduction telemedicine  services across India.
National health databases store sensitive
information including patient
demographics, clinical history, lab results,
and insurance details. While digitization
increases accessibility and efficiency, it
also exposes public healthcare data to cyber

Government healthcare systems are tasked
with providing universal, affordable, and
efficient medical care. Initiatives like
Ayushman  Bharat  Digital Mission
(ABDM) aim to digitize health records and
integrate hospitals, clinics, and
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threats, including ransomware, data
breaches, and identity theft (Ponemon
Institute, 2021).

Traditional cryptographic methods such as
RSA and ECC secure communications and
storage, but are vulnerable to quantum
computing attacks. Shor’s algorithm can
break RSA/ECC, while Grover’s algorithm
reduces the security of symmetric
encryption (Shor, 1994; Grover, 1996).
This is particularly concerning for
government systems where millions of
patient records are stored and shared across
various departments and cloud
infrastructure.

Post-Quantum Cryptography (PQC) offers
algorithms resistant to quantum attacks.
Adopting PQC ensures long-term security,
compliance with health data regulations,
and trust in national health programs. This
paper explores PQC implementation in
government healthcare, evaluates
algorithm performance, and outlines a
framework for large-scale deployment in
public health systems.

Government initiatives such as the
Ayushman  Bharat Digital Mission
(ABDM) emphasize secure and
interoperable digital health ecosystems.
Integrating Post-Quantum Cryptography
aligns with national digital health policies
by ensuring long-term data protection,
regulatory compliance, and resilience
against emerging quantum threats in public
healthcare infrastructure.

2. Literature Survey

The NIST PQC standardization project
evaluates quantum-resistant algorithms
suitable for large-scale deployment (NIST,
2022). Lattice-based schemes like Kyber
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and Dilithium are widely recommended
due to their efficiency and scalability
(Alkim et al., 2016). Hash-based schemes
like SPHINCS+ provide long-term
integrity, making them suitable for archival
systems (Buchmann et al., 2011). Code-
based (McEliece) and multivariate schemes
(Rainbow) offer additional security for
regulatory compliance, though they require
higher computational resources.

Government-focused studies  highlight
vulnerabilities in  EHR  systems,
telemedicine platforms, and IoT-based
public health monitoring devices (Hussain
et al, 2022). While private sector
healthcare has started adopting PQC pilots,
national healthcare frameworks require
additional research to ensure scalability,
interoperability, and compliance with
government regulations (Duong et al.,
2023).

3. Research Objectives

e Evaluate quantum-resistant
algorithms for government health
data systems, telemedicine, and loT
medical devices.

e Analyze performance trade-offs in
encryption speed, computational
cost, and key storage requirements.

e Identify challenges in integrating
PQC with legacy government IT
infrastructure.

e Propose a nationwide PQC
adoption roadmap for hospitals,
primary  health  centers, and
telemedicine networks.

e Assess PQC’s  impact on
compliance with national health
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data policies, privacy regulations,
and patient trust.

4. Hypothesis

e Null Hypothesis (Ho): PQC does not
significantly improve the security
of government healthcare systems.

e Alternative Hypothesis (Hi): PQC
mechanisms significantly enhance
security, ensuring confidentiality,
integrity, and compliance against
quantum-enabled attacks.

5. Research Methodology

e  Literature Review: Analysis of
NIST PQC reports, IEEE papers,
and government healthcare
cybersecurity frameworks.

. Simulation Tools Used:

o Python (NumPy,
Cryptography libraries)

° OpenSSL (for
cryptographic
benchmarking)

o MATLAB  (performance
analysis)

o NS3 Simulator (network
simulation for healthcare
data transmission)

e Datasets: Simulated  datasets
representing EHRs, IoT medical
sensor data, and telemedicine logs

*  Metrics Evaluated:
Encryption time, decryption time,
key size, latency, computational
overhead

Expert Consultation: Interviews
with healthcare IT administrators
and cybersecurity professionals

This mixed-method approach ensures both
technical rigor and practical applicability in
government health systems.
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6. Post-Quantum Cryptography in
Government Healthcare

Lattice-Based Cryptography

e Algorithms: Kyber (encryption),
Dilithium (digital signatures).

e Security: Resistant to quantum
attacks, moderate key size, suitable
for real-time data.

e Use-Cases: EHR encryption, secure
telemedicine communication, IoT-
based remote monitoring.

Hash-Based Cryptography
e Algorithm: SPHINCS+.

e Security: Long-term
tamper-proof signatures.

integrity,

e Use-Cases: Archival patient
records, long-term government
health data storage.

Code-Based and
Cryptography

Multivariate

e Algorithms:  McEliece  (code-
based), Rainbow (multivariate).

e Security: Strong theoretical security
for regulatory compliance.

e Limitation: Large key sizes and
computational cost restrict real-time
use.

7. Data Analysis for Government
Deployment

Algorithm | Securit | Key (;omputa Suitable
R tional Governmen
Type y Level | Size Cost t Use-Case
. Legacy
RSA Classic .
(3072-bit) | al Large | Moderate | hospital
systems
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Algorithm | Securit | Key (.Jomputa Suitable
Type Level | Size tional Governmen
P y Cost t Use-Case
ECC (256- | Classic | Moder Telemedicin
. Low e & mobile
bit) al ate
apps
Kyber Sll_lantu Moder National
(Lattice- . ate- Moderate | EHR & IoT
Resista
Based) nt Large networks
Digital
Dilithium Quantu signatures
. m- Moder | .. for
(Lattice- . High o
Based) Resista | ate prescription
nt s and lab
reports
Quant Archival
SPHINCS | <M | health
+ (Hash- . Yy High records &
Resista | Large .
Based) at compliance
data

Observation: Lattice-based schemes are
most feasible for real-time national
healthcare operations, while hash-based
schemes are optimal for archival data
integrity.

Comparative Interpretation

The analysis indicates that lattice-based
algorithms such as Kyber provide an
optimal balance between security and
performance, making them suitable for
real-time healthcare applications. Dilithium
ensures strong authentication through
digital signatures but introduces higher
computational  overhead. = Hash-based
schemes like SPHINCS+ offer superior
long-term integrity, making them ideal for
archival healthcare records despite larger
key sizes. Classical algorithms like RSA
and ECC, although efficient, are not
suitable  for future quantum-secure
healthcare systems.
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8. Implementation Challenges

*  Limited computational resources in
rural healthcare centers

» High cost of upgrading legacy
hospital IT infrastructure

*  Bandwidth limitations in
telemedicine networks

. Storage overhead due to large PQC
key sizes

« Lack of trained cybersecurity
professionals in public healthcare

*  Integration challenges with existing
EHR systems

*  Regulatory and
adaptation delays

compliance

9. Proposed Framework for Government
PQC Adoption

1. Assessment  Phase:  Evaluate
existing IT infrastructure and
identify vulnerable points.

2. Pilot Deployment: Implement PQC
in selected regional hospitals and
telemedicine platforms.

3. Hybrid Model: Integrate PQC with
classical cryptography to ensure
smooth transition.

4. Training & Policy Development:
Staff  training, SOPs, and
compliance guidelines.

5. National Rollout: Gradual
implementation across all
government  hospitals,  health

centers, and telemedicine networks.

6. Monitoring & Maintenance: Real-
time monitoring of encryption
systems, automated key rotation,
and incident response protocols.
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10. Future Scope of Work
Nationwide  Hybrid Cryptography
Models

e Combine classical and PQC for

smooth migration across
government hospitals and health IT
systems.

Optimization for IoT Medical Devices

e Lightweight PQC algorithms for
wearable  government  health
monitoring devices, telemedicine
kits, and remote diagnostic tools.

Al-Assisted Key Management

e Automate key generation, rotation,
and validation using Al across
national networks.

Standardization & Policy Compliance

e Develop PQC standards for
government hospitals compliant
with national digital health policies.

Long-Term Data Archival Security

e Use hash-based schemes for
decades-long retention of public
health records.

2026 TPJ| VOLUME 4, ISSUE 1
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key management, and security
breaches.
Table: Government Future Scope
Summary
Area Description | Benefits Research
Focus
Hybrid . Smooth Migration
Classical + . . strategies,
Cryptog nationwide
raphy PQC deployment performance
optimization
IoT Lightweight | Efficient & | Kyber-Lite
Devices | PQC fast optimization
AlKey | Automated Reduced AI/ML-based
Mgmt monitoring eITors, key
g scalable management
Standard | Policy Regulatory I;Stéonal
ization | compliance | adherence
framework
Data SPHINCS+ | Long-term Hbeld
Archival | optimization | integri archival
P grity solutions
Emergin Blockchain Secure data | AI-PQC
& edge . . .
g Tech . sharing integration
computing
Natlonw Dashboards Transparenc | System
ide . y& performance
. .| &audit - .
Monitori accountabili | & security
systems .
ng ty metrics

11. Conclusion

Integration with Emerging Tech

e PQC with blockchain for secure
sharing between hospitals, labs, and
health insurance authorities.

real-time
IoT

e Edge computing for
encryption at  medical
endpoints.

Nationwide Performance Monitoring

e Develop dashboards and audit
systems for encryption efficiency,
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This study demonstrates that Post-Quantum
Cryptography significantly enhances the
security of government healthcare systems
against future quantum threats. Lattice-
based algorithms such as Kyber and
Dilithium are suitable for real-time
healthcare applications, while SPHINCS+
ensures long-term archival security. The
proposed hybrid implementation model
enables a smooth transition from classical

cryptography to PQC.

The findings suggest that nationwide
deployment of PQC can improve data
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confidentiality,

strengthen  regulatory

compliance, and enhance patient trust. A
phased implementation strategy involving
pilot testing, infrastructure upgrades, and
policy alignment is recommended for
successful adoption.

12. Implications

Strengthens national healthcare

cybersecurity.

Ensures compliance with national
digital health policies.

Enables trustworthy telemedicine
services.

Protects government health
databases against future quantum
attacks.
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Abstract:

India made significant advancements in indigenous knowledge during the ancient and medieval
periods. The Indian Knowledge System (IKS) encompasses the practices, expressions, insights,
understandings, beliefs, and experiences of Indigenous groups developed over centuries of profound
interactions with a particular territory. The intellectual achievements of Indian thought are found
across several fields of study in the Vedas and Upanishads, to a wide range of scientific, technical,
scriptural, philosophical, and artistic sources. Sun worship is vital in Vedic worship in the form of
gods, such as Surya, Martanda, Usa, Pusan, and Rudra. The sun is regarded as a vital source of life
and energy, playing a central role in many Indigenous cultures. It is associated with deities, creation
stories and ceremonies. In Hinduism, people observe the sun to understand its connection with local
topography and weather. Many Indigenous cultures have unique perspectives on solar and lunar
eclipses, often viewing them as powerful events with spiritual or symbolic significance to their people.
Indigenous knowledge of the sun is passed down through oral traditions, stories, songs, and
ceremonies.

This study analyses the indigenous knowledge of the sun in the Indian knowledge system. This
knowledge spans various aspects, from observing the sun's movement and its impact on the seasons
and weather to its role in religious and spiritual practices in the region.

Key-words: Indigenous knowledge, Indian Knowledge System (IKS), scriptural, philosophical, and
traditional knowledge.

Introduction:

Indian culture and traditions have made
extraordinary contributions to science and
spirituality since ancient times. Traditional
and indigenous knowledge is a collective
form of awareness and understanding of the
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behaviors and beliefs of local people, passed
down through generations by social
transmission. ~ The  applications  and
importance of indigenous knowledge can be
experienced through the customs and rituals
celebrated across India.  Traditional
knowledge is a part of the cultural identity
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of Indigenous and local peoples. Indigenous
knowledge in India encompasses a vast
repository of cosmological, astronomical,
philosophical, and spiritual insights passed
down through generations. Indigenous
knowledge systems are community-based,
experiential, and holistic, encompassing
practical and symbolic relationships with the
environment. The sun has held a central
position in Indian culture for millennia,
revered as a celestial body and divine and
life-giving force. The sun 's great impact has
long been observed by the masses.
According to modern astronomy, the Earth’s
orbit around the Sun is not a perfect circle
but a slightly elliptical path that varies in
distance from the Sun. Because of this
elliptical orbit, the distance between the
Earth and the Sun changes slightly
throughout the year. At its closest point to
the Sun, known as the perihelion, the Earth
is  approximately 91,445,000  miles
(147,166,462 km) from it. At its farthest
point, called the aphelion, the Earth is
approximately 94,555,000 miles
(152,171,522 km) away, occurring around
July 3 each year. The average distance
between the Earth and the Sun is
approximately 92,955,807 miles
(149,597,870.691 km). The first scientific
measurement of this distance was made in
1672 by Jean Richer and Giovanni
Domenico Cassini, who estimated it to be
22,000 times the radius of Earth. Given the
Earth’s radius as 6,371 km, their calculation
was 22,000 x 6,371 =140,162,000 km—
about 140 million kilometres.

The inclusion of Indigenous knowledge
regarding the sun may enrich modern
society’s knowledge base. This study
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explores Indigenous knowledge of the Sun
in Indian culture and spiritual practices.

Methodology:

This study is based on secondary data
collected from different published secondary
sources, such as research papers, articles,
Upanishads, religious books, and annual
reports.

The Sun as a Deity:
> The Hanuman
Connection:

Chalisa

Interestingly, two lines from the Hindu
devotional hymn Hanuman Chalisa,
composed by Goswami Tulsidas in the 16th
century, appear to describe this distance:

I AT TIRHT,
M ae A YRB ST,

juga-sahasra-yojana-parabhanu, lilyota hi
madhura-phalajanu
The phrase “9J! I{-I‘é'%dq\l\fl"lqﬂ-ﬂﬂ” (juga-
sahasra-yojana-para-bhanu) translates to-
“The Sun (bhanu) is at a distance of yuga-
sahasra-yojanas.”

Hanuman Chalisa
mentions distance
between Sun and Earth

Fig 1: Hanuman Chalisa
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Fig 2: Distance between Sun and Earth

According to traditional Hindu
measurements in Vedic literature found in
ancient texts:

1 Yuga A divine era | 12,000 (used
here as a
numerical
value)

1 Sahasra | A thousand | 1,000

1 Yojana | A measure | 8 miles

of distance
Therefore:

Yuga % Sahasra x Yojana = Para Bhanu
(distance to the Sun)

12,000 x 1,000 x 8 miles =96,000,000 miles
Conversion of miles to kilometers
96,000,000 x 1.6 =153,600,000 kilometres
A Remarkable Comparison

Modern 149,597,870 km
(average)

Hanuman 153,600,000 km
Chalisa

(interpreted)
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Cassini and
Richer (1672)

140,162,000 km

The value derived from the Hanuman
Chalisa  differs from the modern
scientifically accepted distance by only
approximately 3%, which is remarkably
close to the text composed centuries before
the invention of modern instruments.

Owing to the importance of the Sun, the
Vedic Aryans deified and personified the
force of nature, which consists of heat and
light, and worshipped it as a deity, praising
its various aspects. The importance of the
sun is noted by Katyayana in the
Sarvanukramani as follows:

Tchd a1 AT ¥ ad 34 Sdefd
ekaivava mahanatma a tat surya ityacaksate
There is one great god, Surya. In
Brhaddevata, Saunaka directs the Sun to be
the very soul of all other gods. In the
Rigvedic section
=< o g umim

indram mitram varunamagnim,

It is stated that Indra, Mitra, Varuna, and
Agni are the names of the same divine
being, the one Supreme Spirit and universal
force, under various indications. Surya is the
direct embodiment of the atmospheric Sun.
This is the most clearly conceived and
defined form of solar divinity in the Rig
Veda. Day and night are created by the sun’s
rising and setting. As the creator of day and
night, it provides heat and light to the entire
universe and food and vegetation to all
living beings. Different aspects and
positions of the Sun have given rise to

10
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independent Sun-gods in Vedic literature;
thus, a group of solar divinities was formed
in Vedic literature.

» Surya in Vedic Tradition:

Fig 3: People of India worshiping the Sun
God

In the Indian Knowledge System (IKS),
which integrates philosophy, spirituality,
science, and daily life, the sun is understood
not only as a star in the sky, but also as a
life-giving force, deity, and cosmic
regulator. In the Hindu pantheon, the Sun
and Moon are the only deities that can be
seen with the naked eye. The Vedas are not
only sacred or religious texts but also a
source of knowledge. This literature is a
source of pride for the country. In addition,
the customs and rituals passed down from
our ancestors are effective methods devised
by our great sages to transmit this
knowledge to future generations. Surya is
one of the principal deities in the Rigveda.
Surya is portrayed as the eye of the universe
(Chakshu Surya) and the sustainer of all life.

Rituals and practices involving the sun:

Spirituality is the soul of Indian culture and
the science of the 'life-giving substance.’
Surya represents truth, order (rta), and
knowledge. The Sun’s movement is closely
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linked to rituals and the seasonal cycles. In
Indian traditional medicine, practices such
as Surya Jal (solarised water) and
Atapasevana (controlled sun exposure) are
prescribed for health and balance. A daily
Vedic ritual is performed at sunrise and
sunset, emphasising the alignment with solar
rhythms. It is a major festival in parts of
North India, in which devotees offer prayers
to the rising and setting sun, highlighting
their gratitude for life and fertility. The
atmosphere created during the celebration
purifies society. The Yoga philosophy, as
propounded by sage Patanjali, attaches great
prominence to Stiryanamaskara.
Sturyanamaskara is a yogic practice that
symbolizes reverence to the Sun, combining
physical postures with spiritual reflection. It
is an ancient exercise aimed at achieving
physical and mental equilibrium of human
beings. Stiryanamaskara is performed before
sunrise and after sunset. It is a yogic
sequence of 12 postures aligned with the
Sun’s movements that integrates physical
health, breath regulation and spiritual
reverence. Surya Namaskar practices are
now gaining global recognition for their
benefits to physical and mental health.

| e\\ll/, {

Surya
Namaskar

q 5

<

i/
///,I\\\\

¢
N N
A\ s

<,

| \

r‘\\\‘\

b

Fig 4: Steps of Surya Namaskar
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Solar Knowledge in Indigenous
Calendrical Systems:

A Vedic calendar based on the sun, known
as the Saura Maanam, is a solar calendar
that follows the apparent movement of the
sun around the Earth to mark seasons and
months. Unlike the lunar calendar, which is
determined by the phases of the moon, Saura
Maanam relies on the sun’s position in the
zodiac. It forms an essential part of the
Hindu calendar system, which harmoniously
combines both solar and lunar elements to
organise time and rituals by adding adhik-
maas every two to three years. The concept
of Adhik Maas is unique to the traditional
Hindu calendar. For example, in the 2023
calendar, there were 13 months with an
Adhik-Maas between July 18 and August
16. The Hindu calendar continues to shift
slowly with respect to the seasons because
of the precession of the Earth's axis.

» Year, Month, and Day:

SIGRI Y Yshtich AT 4T & 3 ey
1 [af e fAiwrar 1 gidalsfiar s+ =
NIENIEH
dvadasa pradhaya$ cakram ekam trini
nabhyani ka u tac ciketa |tasmin sakam
triSata na $ankavo 'rpita sastir na calacalasah

]
The chariot of the Sun has 12 paridhi, 1

chakra, 3 nabhi, and 360 aare. This
indicates 12 months, 1 year, 3 seasons, and
360 days.

> Vedic Names of Months:
JGHT YdoId! IR USlTdd:| dal g IUS
dl

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 — 0517

vedam aso dhrtavrato dvadasa prajavatah |
veda ya upajayate ||
The solar year is divided into 12 months as

follows:
Yy HATegy B ehy YRy Isar
gd THY THEY Y YRaIG
q ey Jexy dquy Uy

o7 |

madhus$ ca madhavas ca vasantikau rta |
sukras$ ca $uci$ ca grismau rti |
nabha$ ca nabhasyas ca varsikau rti | isa$
corjas$ ca $aradau rti |
sahas$ ca sahasya$ ca haimantikau rtu | tapas
ca tapasyas ca Saisirau rti ||

XS dfes %ﬁ English
EIC EIE| Month

9 | AYHYd | 97, April,
9erg | May

g E{j‘w,‘{ﬂ%[ @Eg June, July

qul | THEAYRT | 41aur, | August,
Yreye | September

YRS | IUIS | MY, | October,
Hifde | November

RFd | 959,98 | AFIRNY, | December,
Iy January

IR | quy,qus | #rYg, | February,
LASIGH March

Two more months are described in the
Vedas, which come after the typical
intervals of time:

TG — HIFHRG, e —
SIAHTE] WU?C\W&/?WW |
"samsarpa' — adhikamasa, "amhaspati"
— ksayamasa |sa sarpo 'sya
amhaspatyayatva ||

12
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Fig. 5S: Months and seasons on the basis of
the Movement of the Sun

(3

January is also known as or

“and is celebrated by worshipping
the Sun as ‘God.’ Indian lunisolar calendars,
such as the Tamil calendar and the Bengali
Panjika, are guided by the movement of the
sun and mark agricultural and religious
events.

Ecological and Agricultural Relevance:

Sunlight is considered a divine energy that
influences crop yields, animal behaviour,
and human health. Traditional farmers
worldwide use the sun’s path to determine
sowing and harvesting times. Indigenous
farming communities, particularly those in
tribal areas, have long relied on sunlight for
agricultural planning purposes. Traditional
calendars, such as Vikram Samvat, are solar-
lunar and are used to determine sowing and
harvesting times in the region. The position
and intensity of the sun were observed to
predict seasonal changes, monsoons and
crop cycles. Surya has the power to control
the seasons and the ripening of crops,
making him especially significant for
agricultural communities. Festivals such as
Makar Sankranti and Pongal are dedicated to
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celebrating good harvests. Festivals such as
Makar Sankranti mark the sun's northward
movement (Uttarayana) and are celebrated
as harvest festivals across India.

Fig 6: Indian farmers working at sunrise
during the sowing season.

Stirya is a great preserver.

Iy RITER SR = M|
(vi$vasya sthatur jagata$ ca gopa)
which is amplified by Sayanacarya as
follows:

I o RIT: WA SHIq: STgHd
F T TR |
(vi$vasya sarvasya sthatuh sthavarasya
jagatah jangamasya ca gopa gopayita ||)

As Sirya sustains the entire universe, he is
rightly  called  Prajapati. In  the
Satapathabrahmana, Siirya is mentioned as
both a sustainer and protector of the world:

13
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Ty 3 g | 7 Uy qufd | T¥ 3
AR ATYAd ST | TY Tdq
¥4 fagenfa

(esa vai siiryah, ya esa tapati, esa vai idarm
sarvam abhigopayati sadhunaiva
asadhunaiva, esa etat sarvam vidadhati.)

Stirya absorbs the water and releases it down
towards the earth, and the relevant passage
is thoroughly explained by Sayanacarya
thus:
3gHIeE: JUgr: FHH: YaRIe: qa
Md: 3 Hrga: If=Rufy:

(ayam adityah suyantubhih sugamanaih
sarva-$asaih sarvasya $asakaih abhiSubhih
raSmibhih krsikartanam aninam akani
udakani pravane nimne bhiipradese musayati
musnati adatte.)

The Sun in Tribal and Folk Traditions:

Many tribal groups, such as the Bhils,
Gonds, and Santhals, worship the sun as a
supreme spirit or ancestor deity, integrating
it into their oral traditions and seasonal
festivals. Sun motifs are common in tribal
art, textiles, and ritual objects, often
symbolizing  continuity and  vitality.
According to the Vedas and ancient
astrology (Surya Siddhanta), Pongal or
Makar Samkranti is a very auspicious time
(punyakalam), as it marks the initiation of
the Sun's movement towards the north for
six months, cruising through until the
summer solstice, Uttarayana. The Sun's
transit from one zodiac sign to another is
celebrated across India, signifying seasonal
transitions and harvest periods. It celebrates
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the shift of the Sun to Capricorn. According
to astrology, Saturn rules the zodiac sign
Capricorn. From this day, the Sun deity is
said to leave his displeasure and move
towards higher abodes, illuminating the
universe with spiritual strength. It is not
confined to Hinduism alone; it is a festival
for all humankind. In the Mithila region of
India, Chhath Puja is a major festival
dedicated to the Sun God, revered as the
creator of the universe.

Fig 7: Woman offering water to the
rising sun during Chhath Puja

Fig 8: worshipped on “Makarsankranti”

14
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Scientific Insights in Indigenous
Cosmology:

» Concept of spectrum:

g XYBbah D! 34l agfa T
HT|
sapta yuifijanti ratham eka-cakram eko asvo
vahati sapta-nama ||

Y

‘\l'mhh’u

Fig 9: Horses of the Sun

3T STl 3FIRRaT Hiehad Iqaged™T
Tl

ana$vo jato anabhisur arva kanikradat
patayad tirdhva-sanuh ||

Here, the image of the horse is symbolic and
not actual, as the verse clarifies. The chariot
of the sun consists of seven horses, but it is
led by a single horse. When a prism
disperses white light into a spectrum, the
seven visible colours are arranged in the
order of the spectrum.
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= T mo < g =™

Fig 10: Dispersion of light

With its rising and setting, Stirya determines
the time. In the Vedas, Strya is compared to
a horse that drives the year (sarhvatsara) in
the form of a one-wheeled chariot:

T G~ I Thash | Th! 37 a%ﬁ
AT UMY o] IR ST FwT
YT oI ;1
(sapta yufijanti ratham eka-cakram eko asvo
vahati sapta-namah |tri-nabhi cakram ajaram
anarvam yatre ma vi$va bhuvanani tasyuh ||)

The one-wheeled chariot mentioned in the
verse is samvatsara, that is, the year; the
single horse is the sun, and its rays are
seven. The three spokes of the wheel
represent the three seasons: rainy, winter,
and summer, respectively. Again, one
chariot is mentioned with twelve spokes,
that is, dvadasara. These 12 spokes interpret
the 12 months of the year, forming a
complete year. Again, the twelve-spoked
wheel i1s mentioned as the generator of
hundred and twenty offspring. These
offspring are the days and nights of the year,
that is, 360 days and 360 nights,
respectively. Sturya is identified with
sarhvatsara in the Brhadaranyakopanisad as

15
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TY § a1 3fyHe I U dufd a8 Jaoi
ST

(esa ha va asvamedho ya esa tapati tasya
samvatsara atma ||)

That is, the Sun that gives forth heat is the
horse sacrifice, and its body is the year. The
sarhvatsara or solar year is divided into two
halves: uttarayana and daksinayana. When
the Sun turns north from the winter solstice,
it is called uttarayana, and the opposite
movement, that is, the movement of the Sun
from the summer solstice to the south, is
called daksinayana. In another verse of the
Rgvedasamhita, Siirya’s wheel is described
as consisting of five spokes. The five spokes
of the wheel of the chariot of the Sun
indicate the five seasons. Siirya, as the
creator of seasons, is mentioned several
times in the Vedas. The V3ajasaneyisamhita
names the six seasons as spring, summer,
rainy, autumn, early winter, and winter, in
that order. The passage also indicates the
respective characteristics of the seasons,
such as heat, cold, and dryness. All these
seasonal characteristics are due to the
Earth’s position in relation to the Sun during
its revolution.

g 1 TY 9 He=k-Rad 3fd Al |
d gexaH 3fa A=, 31§ Ud de-aiuid |
Y T fudwrd, AT $od,
38 A
Y Y& UTawefd 3fd A=, ARG
de-dfafa 131y e fAudwd, 3re
QATaRdTd Hod, A IR |
91 QY A Herad MRl

sava esa na kadacana astam eti nodéti |
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tarh yad astam eti iti manyante, ahna eva tad
antam iti |atha atmanarh viparyasyate, ratrim
evadhastat kurute, ahah parastat |
atha yad enarmn pratar udeti iti manyante,
ratrir eva tad antam iti |
atha atmanarh viparyasyate, ahah evavastat
kurute, ratrim parastat |
sava esa na kadacana nimlocati ||

The Sun remained constant. It does not set
or rise again. It shines on one side during the
day and is responsible for the darkness on its
exact opposite side at night.

» Sun: Source of Light Energy and
Healer:

3T ISy feent= wiffar xate ga: $uld

W YHU [T 1% Qiadl 9agH
R TRgaAaRI o |

apra rajamsi divyani parthiva slokar devah

krnute svaya dharmane [prabahii asrak savita

savimani nivesayan prasuvann aktubhir jagat

The Sun provides Tej (light, energy, and
health) to Antariksha (space) and Prithvi
(Earth), resulting in the cycle of day and
night. Indigenous astronomical observations,
such as shadow tracking, solar alignments in
temples, and time calculation methods,
showcase a sophisticated understanding of
solar dynamics. These systems are
community-driven, ensuring sustainability
and harmony with nature. Surya is
considered the "eye of the universe," with
his all-seeing radiance illuminating and
witnessing all deeds, good and bad. In the
Mahabharata, he is called the "soul of all
existence" and the "origin of all life.” In the
Rgvedasamhita, Stirya is worshipped to
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remove sickness and diseases of the body
through his rays of light. The life-yielding
aspects of the sunrays are mentioned in the
interpretation of Sayanacarya as follows:

IR IRH:2 THRAUT:, THRSGH: | 24
UTH - aa b S SRTaTH ga: |
(kidr$o rasmih? gabhira-vepah, gambhira-
kampanah. raSmeh prakampanam calanam

kenapi drasturh asakyam ity arthah.)

The Sun emits energy through nuclear
fusion, converting hydrogen into helium in
its core. This energy radiates outward as
light and heat and reaches Earth as solar
radiation.  Sunlight provides  several
important health benefits, such as enhancing
vitamin D synthesis, supporting healthy
sleep-wake cycles, and uplifting mood.
However, it is essential to maintain a
balanced approach—enjoying adequate
sunlight for its positive effects while
protecting the skin from the potential harm
of overexposure. In indigenous health
systems, the sun is believed to have healing
and purifying powers. Daily practices, such
as offering water to the sun (Surya Arghya)
are common in India. The scientific reason
behind offering water to the Surya is that
when we offer water to the Surya, it affects
our health. The morning fresh air and the
first rays of Surya fell on us. This is
beneficial to our health. When we offer
water to Surya, we see Surya rising amidst a
stream of water, and the light increases.

Mythological and religious symbolism:

India is marked by different beliefs and
customs. Every religion, with its unique
customs and rituals, adds a distinct flavour--
to the country, making it an incredible land.
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Surya is worshipped in temples like the
Konark Sun Temple in Odisha, which is a
UNESCO World Heritage Site and an
architectural representation of his chariot.
The Konark Sun Temple was built in 1250
CE during the reign of the Eastern Ganga
King Narasingha Deva. The temple is an
extraordinary stone monument dedicated to
Surya, the Sun God. Designed in the form of
Surya’s celestial chariot, the structure
features 24 elaborately carved stone wheels
and horses that appear to draw the chariot
forward. In Hindu iconography, Surya is
traditionally portrayed riding a chariot
pulled by seven horses, and the Konark
Temple magnificently brings this divine
vision to life through its grand design. Surya
is the chief deity of the Navagraha, or nine
celestial beings in Hindu astrology. He
governs the planet Sun and is associated
with vitality, willpower, and authority.

-

Fig 10: Konark Sun Téniplé and Sculptre of
Surya on a chariot
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Shankaracharya says,

TEINRE S TR IGTRaHATH |

tvamantariksejasram carasiudayastamayabh
yam

This chariot represents the cyclical nature of
time and the universe. The Vedas, ancient
Indian scriptures, contain hymns dedicated
to the sun, such as the Gayatri Mantra, a
prayer for enlightenment and guidance that
is chanted daily by many Hindus. Rituals
such as Surya Namaskar (sun salutation) in
yoga reflect daily spiritual discipline aligned
with the cycle of the sun. Surya Namaskar is
like a divine partnership with the master
creator, working to nurture and sustain life.
Sunlight is not merely physical; it is a
powerful metaphor for spiritual awakening.

Artistic and Architectural Expressions:

The sun motif is prominent in Indian art,
including folk traditions such as Madhubani
painting and architectural design, where
temples are aligned to capture the sun’s first
rays. The Sun Temple at Modhera in Gujarat
is designed such that the sanctum is
illuminated by the rising sun on the
equinoxes.

¥ LENITON 7

Fig 12: Sun motif in Madhubani folk

ilip Pur;

painting
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Conclusion:

Indigenous knowledge in Indian culture
presents a holistic and reverent view of the
sun. The sun is seen not only as a source of
light and heat but also as a symbol of
divinity, time, health, cosmic guidance, and
sustenance. Strya is praised in the Vedas as
the soul of the universe. He is considered the
inner soul of all movable and immovable
things in the universe. In Hindu mythology,
the sun, personified as the deity Surya, is the
ultimate source of life and of spiritual
enlightenment. This comprehensive
perspective reflects a sustainable worldview
in which celestial phenomena are deeply
connected to daily life and ecological
harmony. Its enduring presence in rituals,
art, science, and everyday life embodies the
holistic worldview of Indian culture, in
which nature and the sacred are deeply
intertwined in the Indian culture. Indigenous
knowledge involves acquiring facts and
nurturing curiosity, open-mindedness, and
idea exploration. Indigenous knowledge of
Surya  reflects humanity’s  enduring
relationship with nature and emphasises
ecological balance, offering insights into
climate resilience and sustainable living. In
an era of environmental crisis, revisiting
these traditions enriches the cultural heritage
and offers practical lessons in sustainability,
resilience, and respect for natural cycles.
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Key challenges in implementing value-based pedagogies within

design education
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Abstract

In the contemporary global context, design education is no longer confined to the development of
technical competencies and aesthetic sensibilities. It increasingly emphasizes the cultivation of
ethical awareness, social responsibility, sustainability, empathy, and cultural sensitivity—collectively
framed as value-based pedagogies. These pedagogical approaches aim to prepare designers who can
respond responsibly to complex societal, environmental, and human-cantered challenges. Despite
widespread recognition of their importance, the integration of value-based pedagogies within design
education remains uneven and fraught with challenges. This research paper critically examines the
key challenges associated with implementing value-based pedagogies in design education. Using a
mixed-methods approach, the study explores faculty perceptions, institutional constraints, curricular
limitations, assessment challenges, and student-related factors. The findings reveal a significant gap
between the perceived importance of value-based education and its practical implementation. The
paper concludes by offering educational implications and strategic recommendations for curriculum
reform, faculty development, assessment innovation, and institutional support to strengthen the role
of value-based pedagogies in design education.

Keywords: Value-based pedagogy, design education, ethics, sustainability, reflective practice,

curriculum reform

Introduction products, systems, environments, and
Design education occupies a critical services, thereby shaping social behaviour
position at the intersection of creativity, and lived experiences. In this context, the
technology, society, and culture. Designers ethical and value-oriented dimensions of
influence how people interact with design practice have gained increasing
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attention. Contemporary global
challenges—such as climate change, social
inequality, digital ethics, cultural erosion,
and sustainability—demand designers who
are not only technically proficient but also
morally responsible and socially aware.
Value-based pedagogies emphasize the
integration of moral, ethical, social, and
cultural values into the teaching-learning
process. In design education, such
pedagogies promote empathy, inclusivity,
sustainability, human-cantered thinking,
and reflective practice. However, despite
strong theoretical advocacy, value-based
pedagogies often remain marginal in design
curricula, overshadowed by market-driven
skills, software  proficiency, and
production-oriented outcomes.

This paper argues that while value-based
pedagogies are essential to the holistic
development of  designers, their
implementation faces numerous systemic,
pedagogical, and cultural challenges.
Understanding these challenges is vital for
reorienting  design education toward

socially responsible and ethically grounded

practice.
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Conceptual Framework: Value-Based
Pedagogies in Design Education
Value-based pedagogy is rooted in
philosophical traditions of humanism,
constructivism, and experiential learning.
Educational philosophers such as John
Dewey emphasized learning as a moral and
social process, where education serves
democratic and ethical purposes (Dewey,
1938). In design education, this translates
into pedagogical practices that encourage
learners to reflect on the social
consequences of their design decisions.
Meaning of Value-Based Pedagogy
Value-based pedagogy refers to teaching
approaches that intentionally integrate
ethical reasoning, social responsibility,
cultural sensitivity, sustainability, and
empathy into curriculum content, teaching
methods, and assessment practices. Rather
than treating values as separate or
supplementary, these pedagogies embed
values within the core learning process.
Relevance to Design Education

Design inherently involves decision-
making that affects users, communities, and
environments.  Therefore, value-based
learning is particularly relevant to design
education. Human-cantered design,

inclusive design, sustainable design, and
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social innovation are all grounded in value-
based thinking. Educating designers
without addressing values risks producing
professionals who prioritize efficiency and
aesthetics over ethical responsibility.
Review of Literature

International Studies

Dewey (1938) emphasized that education is
a moral and social process aimed at
developing  ethical  judgment  and
democratic  values. His experiential
learning theory strongly supports value-
based pedagogy in design education by
encouraging learners to engage with real-
life problems involving social
responsibility.

Schon (1987) proposed the concept of the
reflective practitioner, highlighting
reflection-in-action as a key element of
professional learning. In the context of
design education, his work underlines the
importance of reflective and ethical
decision-making  within  studio-based
pedagogy.

Friedman (2003) argued that design
education must incorporate ethics and
social responsibility as core educational
goals. He pointed out that the absence of

value-based pedagogy leads to designers
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who are technically skilled but ethically
underprepared.

Kimbell (2012) critically examined
contemporary design thinking models and
found that they often prioritize innovation
and efficiency while neglecting ethical,
cultural, and contextual values. His study
emphasized the need for explicit integration

of values into design pedagogy.

Manzini (2015) focused on design for
social ~ innovation and  emphasized
community-based design learning as an
effective  approach to  value-based
education. His work highlights the role of
designers in addressing social and
environmental challenges through ethical
practice.

Indian Studies

NCF (2005) stressed the integration of
values such as social justice, equality, and
respect for diversity within education.
Although  not  design-specific, the
framework provides a strong foundation for
value-based pedagogy applicable to design
education in the Indian context.

NEP (2020) emphasized holistic and
multidisciplinary education with a strong
focus on ethical reasoning, empathy, and
constitutional values. The policy advocates

experiential and value-oriented learning
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approaches, which align closely with the
objectives of value-based design education.
Kumar and Sharma (2016) studied
professional education in India and found
that curriculum rigidity and examination-
oriented systems restrict the integration of
value-based pedagogical practices,
particularly in applied disciplines like
design.
Singh (2018) examined value education in
higher education institutions in India and
reported that while teachers acknowledge
the importance of values, lack of training
and institutional support limits classroom
implementation.

Patil and Joshi (2021) investigated ethics

and sustainability in Indian design institutes

and found a significant gap between policy-
level emphasis on values and their practical
integration into design studio teaching.

Research Objectives

The present study was undertaken with the

following objectives:

1. To identify the key challenges in
implementing value-based pedagogies
within design education.

2. To examine faculty perceptions

regarding the importance and feasibility

of value-based pedagogical approaches.
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3. To analyse institutional, curricular, and
assessment-related barriers affecting
implementation.

4. To study the relationship between
faculty training and the adoption of
value-based pedagogies.

5. To suggest educational strategies and
policy-level recommendations  for
effective integration.

Research Hypotheses

Based on the literature review and research

objectives, the following hypotheses were

formulated:

e HI: Design educators perceive value-
based pedagogies as important but
report low  levels of  actual
implementation.

e H2: Institutional and curricular
constraints significantly hinder the
implementation of value-based
pedagogies.

e H3: Faculty members who have
received training in reflective or value-
based teaching practices are more likely
to implement such pedagogies.

e H4: Students’ career-oriented attitudes
negatively influence engagement with
value-based learning activities.

Research Methodology

1. Research Design
A mixed-methods research design was

adopted to obtain both quantitative and
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qualitative insights. This approach allowed
for triangulation of data and a deeper
understanding of the challenges involved.
2. Sample

Quantitative Sample: 150 design educators
from universities and colleges offering
programs in graphic design, product design,
fashion design, and interior design.
Qualitative Sample: 20 senior faculty
members and academic administrators with
over 10 years of experience in design
education.

3. Tools of Data Collection
Questionnaire: A structured questionnaire
consisting of Likert-scale and open-ended
items measuring perceptions, practices, and
challenges related to value-based pedagogy.
Interview  Schedule:  Semi-structured
interviews  focusing on institutional
policies, curricular flexibility, assessment
practices, and faculty experiences.

4. Procedure

Data were collected over a four-month
period. Questionnaires were administered
online, while interviews were conducted
through virtual platforms and audio-
recorded with consent.

5. Data Analysis

Quantitative data were analysed using

descriptive statistics and chi-square tests.
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Qualitative data were analysed using
thematic analysis to identify recurring

patterns and themes.
Data Analysis and Interpretation

1. Quantitative Analysis

e Perceived Importance: 94% of
respondents agreed that value-based
pedagogy is essential in design
education.

e Implementation Frequency: Only
41% reported regular incorporation of
value-based activities.

e Institutional Barriers: 76% identified
rigid  curricula and lack  of
administrative  support as  major
obstacles.

e Faculty Training: Educators with prior
pedagogical training showed
significantly higher implementation
rates (> = 18.42, p <.01).

2. Qualitative Themes

Four dominant themes emerged:

e Curricular Rigidity: Faculty reported
limited flexibility to introduce value-
based modules.

e Assessment Constraints: Difficulty in
evaluating ethical reasoning and

reflective learning.
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e Faculty Development Gaps: Lack of
structured training programs.

e Student Pragmatism: Students often
prioritize employability skills over

value-oriented learning.

Results

The study confirms all four hypotheses:

e There is a clear gap between the
recognition of value-based pedagogy
and its practice.

e Institutional and curricular constraints
significantly limit implementation.

e Faculty training positively influences
adoption.

e Student attitudes focused on market
readiness reduce engagement with

value-based activities.

These results highlight the systemic nature
of the challenges and the need for multi-

level interventions.

Educational Implications

The findings have important implications
for design education:

1. Curriculum Development

Design curricula should integrate value-
based learning outcomes across courses
rather than confining them to isolated

modules.
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2. Assessment Reform

Alternative assessment methods such as
reflective  journals, portfolios, peer
assessment, and project-based evaluation
should be adopted.

3. Faculty Professional Development
Institutions should organize regular training
programs on reflective teaching, ethics, and
value-based pedagogy.

4. Institutional Policy Support
Administrative commitment is essential to
provide time, resources, and recognition for
value-based teaching efforts.

5. Student Orientation

Students should be sensitized to the long-
term professional relevance of ethical and

value-driven design practices.

Conclusion

Value-based pedagogies are indispensable
for nurturing socially responsible, ethical,
and reflective designers. However, their
implementation in design education faces
significant challenges related to curriculum
design, assessment practices, faculty
preparedness, institutional policies, and
student attitudes. This study demonstrates
that while educators strongly endorse the
importance of value-based learning,

systemic barriers limit its practical
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realization. Addressing these challenges
requires coordinated efforts at curricular,
institutional, and pedagogical levels.
Integrating values into design education is
not merely an academic concern but a
societal imperative in an increasingly

complex and interconnected world.
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Abstract

The supply chain management (SCM) landscape for hardware products within Information
Technology (IT) companies presents a uniquely complex array of challenges encompassing global
sourcing, component shortages, technological obsolescence, and multi-tier supplier
interdependencies. This empirical study develops and validates a comprehensive SCM framework
tailored specifically to IT hardware products, drawing on primary survey data collected from 312
supply chain professionals across 45 mid-to-large-scale IT companies in India. Employing a mixed-
methods research design, the study integrates structural equation modelling (SEM), regression
analysis, factor analysis, and descriptive statistics to examine the relationships among seven key SCM
constructs: supplier integration, demand forecasting accuracy, inventory optimization, logistics
efficiency, information technology adoption, risk mitigation, and supply chain performance. The
findings reveal that supplier integration (f = 0.43, p < 0.001) and IT adoption (f = 0.38, p < 0.001)
are the strongest predictors of overall supply chain performance. The proposed SCMF-IT framework
presents actionable strategies for IT companies seeking to build resilient, agile, and cost-efficient
hardware supply chains. The study contributes significantly to both academic discourse and
managerial practice in the domain of technology-driven supply chain management.

Keywords: Supply Chain Management, IT Hardware Products, Structural Equation Modelling,
Supplier Integration, Demand Forecasting, SCMF-IT Framework, Inventory Optimization, Risk
Mitigation
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Introduction

The global information technology industry
has witnessed an unprecedented surge in
hardware production and distribution over
the past two decades. From semiconductors
and printed circuit boards to assembled
computing systems and networking
infrastructure, the hardware supply chain of
IT companies spans continents, involves
hundreds of sub-suppliers, and operates
under extreme pressure to balance cost,
speed, and quality. Unlike fast-moving
consumer goods, IT hardware components
exhibit high obsolescence rates, complex
logistics requirements, and volatile demand
patterns influenced by rapid technological

change.

Supply Chain Management (SCM) in the
context of IT hardware 1is distinctly
multifaceted. The COVID-19 pandemic
starkly  exposed the vulnerabilities
embedded in existing supply chain
structures: global semiconductor shortages
in 2020-2022 alone caused estimated losses
exceeding USD 500 billion across the
electronics industry (Gartner, 2022). Major
IT hardware manufacturers including HP,
Dell, and Lenovo reported significant

revenue shortfalls directly attributable to
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supply chain disruptions. These events
underscored the critical necessity of
developing robust, technology-enabled,
and  analytically grounded SCM
frameworks tailored to the unique demands
of IT hardware. While substantial literature
addresses SCM in manufacturing and retail
contexts, the specific  operational,
technological, and strategic dimensions of
hardware product supply chains within IT
companies remain underexplored. Murthy,
Thamarai Selvi, and Vijay Durga Prasad
(2026) underscore that the integration of
digital ~ transformation  technologies,
including the Internet of Things (IoT), Big
Data Analytics, and Artificial Intelligence,
is fundamentally reshaping supply chain
operations and creating new paradigms of
efficiency and resilience in technology-
intensive industries. Their trend analysis
highlights that companies embracing these
technologies demonstrate significantly

superior supply chain performance metrics

compared to laggards.

This paper responds to this gap by
developing a structured SCM framework
for IT hardware products, hereafter referred
to as the SCMF-IT (Supply Chain
Management Framework for Information

Technology) model. The framework is
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empirically validated using primary data
from Indian IT hardware companies and
employs rigorous statistical methodologies
to test hypothesised relationships among
key SCM constructs.

1.1 Research Objectives

1. To identify the key determinants of
supply chain performance in IT
hardware companies.

2. Todevelop a comprehensive SCMF-IT

framework  integrating  strategic,
operational, and technological
dimensions.

3. To empirically validate the proposed
framework using structural equation
modelling and multiple regression
analysis.

4. To provide strategic recommendations
for enhancing supply chain resilience

and agility in IT hardware operations.

2. Literature Review

The academic foundation of supply chain
management traces its origins to logistics
and operations research (Stevens, 1989;
Thomas & Griffin, 1996), evolving
progressively  to  encompass  inter-
organizational coordination, information

technology integration, and sustainability.

Chopra and Meindl (2016) define SCM as

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 - 0517

the management of flows of products,
information, and finances across all stages
in a supply chain to maximize total value
generated. This holistic conceptualization
forms the cornerstone of modern SCM

research.

2.1 SCM in Technology Industries

Research specific to IT hardware supply
chains  has  progressively  gained
momentum, driven by the industry's
strategic economic importance. Lee et al.
(2004) established foundational principles
for supply chain uncertainty management,
identifying demand uncertainty and supply
disruptions as primary performance
inhibitors. Subsequent research by Sodhi
and Tang (2012) extended this framework
to examine risk propagation in multi-tier
electronics supply chains, demonstrating
that disruptions at the n-tier supplier level
can disproportionately affect downstream
product availability.

Murthy, Thamarai Selvi, and Vijay Durga
Prasad (2026), in their comprehensive trend
analysis of supply chain management
technologies, demonstrate that automation,
IoT-based tracking, and blockchain
verification systems are transforming the

operational efficiency of supply chains in
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technology-intensive sectors. Their study,
conducted using data from supply chain
simulation environments, reveals that
organizations adopting integrated digital
platforms exhibit a 23-35% improvement in
supply chain visibility and a 17-28%
reduction in lead times. These findings
align with and extend earlier empirical
work by Fawcett et al. (2011), who
identified information sharing as the single
most impactful driver of supply chain

collaboration.

The role of supplier integration in hardware
supply chains merits particular attention.
Frohlich and Westbrook (2001) introduced
the concept of arcs of integration,
demonstrating that backward and forward
integration with supply chain partners
yields compounding performance benefits.
For IT hardware companies, where
component specifications are highly
technical and lead times for specialised
parts can extend to 26-52 weeks, tight
supplier integration 1is not merely

advantageous but operationally critical.

2.2 Inventory Management and Demand

Forecasting

Demand forecasting in IT hardware is

particularly challenging due to the interplay
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of product life cycle dynamics, competitive
pressures, and macroeconomic
fluctuations. Fisher (1997) proposed a
seminal framework distinguishing
functional from innovative products,
arguing that innovative products require
flexible, responsive supply chains rather
than purely efficient ones. IT hardware
components clearly fall into the innovative
product category, necessitating adaptive

forecasting mechanisms.

Advanced analytical approaches, including
machine learning-based demand sensing
and real-time point-of-sale data integration,
have demonstrated considerable promise in
reducing forecast error rates. Tao et al.
(2019) reported Mean Absolute Percentage
Error (MAPE) reductions of 31% when Al-
augmented forecasting models replaced
traditional  time-series  methods in

electronics manufacturing contexts.

2.3 Risk Management in IT Hardware
Supply Chains

Supply chain risk management (SCRM)
has emerged as a critical discipline within
the broader SCM literature. Chopra and
Sodhi (2004) categorised supply chain risks
along a spectrum from disruptions to

delays, and proposed risk mitigation
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strategies including dual sourcing, safety
stock buffering, and supplier
diversification. For IT  hardware
companies, geopolitical risks associated
with semiconductor manufacturing
concentration in Taiwan and South Korea
represent a structural vulnerability with
potentially systemic consequences (Shih,

2020).

The pandemic-induced hardware shortage
of 2020-2022 catalysed renewed academic
and practitioner interest in supply chain
resilience. Ambulkar et al. (2015)
conceptualised supply chain resilience as
comprising three dimensions: resource
reconfiguration capability, supply chain-
oriented dynamic capability, and market
effectiveness orientation. IT hardware
companies that demonstrated higher scores
across these dimensions exhibited
significantly lower revenue volatility

during the pandemic period.

3. Research Methodology

3.1 Research Design

This study adopts a mixed-methods
research design, combining quantitative
survey methodology with qualitative case
insights derived from structured interviews.

The quantitative component employs a
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cross-sectional survey design, while
qualitative insights provide contextual
depth and support triangulation of findings.
The philosophical foundation of this
research is pragmatic, acknowledging both
objective and interpretive dimensions of

supply chain phenomena.

3.2 Sample and Data Collection

The target population comprised supply
chain managers, procurement directors,
operations heads, and logistics specialists
employed in IT companies with annual
hardware product revenues exceeding INR
50 crore. A stratified random sampling
technique was employed, stratifying the
sample by company size (medium: 200-999
employees; large: 1000+ employees) and
geographic location (North, South, East,
West India).

Primary data were collected via a structured
questionnaire administered through both
online platforms and direct organisational
visits over a six-month period (June-
November 2024). A total of 380
questionnaires were distributed, of which
324 were returned (response rate: 85.3%).
After screening for completeness and
consistency, 312 responses were retained

for analysis (usable response rate: 82.1%).
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Table 1: Demographic Profile of Survey 3.3 Measurement Instrument
Respondents (n = 312) The questionnaire instrument comprised 48

. measuring seven latent constructs,
Characteristi

Categor Frequenc Percentage (% . .
c gory B SN s cssed on a five-point Likert scale (1

ongly Disagree to 5 = Strongly Agree).

Company Medium (200- 119 38.1

Size 999 The constructs were operationalised based
employees) on established scales from the SCM
Large (1000+ 193 61.9literature, adapted for the IT hardware
employees)

context following a pilot study with 30

Respondent  Supply Chain 108 30 industry experts. Content validity was
Role Manager
established through expert panel review,
Procurement 72 23.1 .
DI and the instrument was refined through two
irector
Operations 04 26.9 rounds of pretesting.
Head The seven primary constructs included: (1)
Logistics 43 15.4 Supplier Integration (SI, 7 items), (2)
Specialist Demand Forecasting Accuracy (DFA, 6
Experience 1-5 years 56 17.9items), (3) Inventory Optimisation (IO, 7
in SCM items), (4) Logistics Efficiency (LE, 6
6-10 years 124 3¥7items), (5) Information Technology
11-20 years 98 31.4Adoption (ITA, 8 items), (6) Risk
Mitigation Capability (RMC, 7 items), and
20+ years 34 10.9
(7) Supply Chain Performance (SCP, 7
Geographic North India 74 23.7

items).
Region

3.4 Statistical Analytical Tools
South India 112 359
The following statistical tools were

WCERLIE] L2 263 employed in the analysis:

East India 44 14.1
Descriptive Statistics: Mean, standard

deviation, skewness, and kurtosis for all

constructs.
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Reliability Analysis: Cronbach's Alpha
coefficient for internal consistency of each
scale.

Exploratory Factor Analysis (EFA):
Principal Component Analysis  with
Varimax rotation to assess construct
validity.

Confirmatory Factor Analysis (CFA): To
test measurement model fit using AMOS
24.0.

Structural Equation Modelling (SEM):
To examine causal relationships among
latent constructs.

Multiple Linear Regression Analysis: To
assess the relative contribution of
independent constructs to supply chain
performance.

Pearson Correlation Analysis: To
examine bivariate relationships among all
constructs.

All quantitative analyses were performed
using SPSS 26.0 and AMOS 24.0 software
packages.

4. Results And Discussion

4.1 Descriptive Statistics and Reliability
Analysis

Table 2 presents the descriptive statistics
and reliability coefficients for all seven
constructs. All constructs exhibited mean

scores above the midpoint value of 3.0,
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indicating generally favourable
perceptions. Cronbach's Alpha values
ranged from 0.821 to 0.913, all exceeding
the recommended threshold of 0.70
(Nunnally, 1978), confirming strong

internal consistency across all scales.

Table 2: Descriptive Statistics and
Reliability Coefficients

Suppli 7 37 0. -0.32  0.18 0.891
er 4 61

Integra 2
tion

(SD)

Deman 6 34 0. -0.19 024 0.856
d 8 68
Foreca 3
sting
Accura
cy
(DFA)

Invent 7 36 0. -028 0.31 0.873

ory 1 64
Optimi 7
zation

(10)

Logistt 6 35 0. -021 0.15 0.845
cs 5 65
Efficie 8
ncy
(LE)
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IT g8 38 0. -041 029 00913
Adopti 2 59

on 4
(ITA)

Risk 7 34 0. -0.14 0.09 0.821
Mitiga 3 71
tion 1
Capabi
lity
(RMC
)

Supply 7 36 0. -036 022 0.887
Chain 9 63

Perfor 8

mance

(SCP)

4.2 Correlation Analysis

Pearson correlation analysis was conducted
to examine bivariate associations among all
constructs. Table 3 presents the correlation
matrix. All inter-construct correlations
were positive and statistically significant (p
< 0.01), providing preliminary support for
the hypothesised relationships. Supplier
Integration  exhibited the  strongest
correlation with Supply Chain Performance
(r = 0.641, p < 0.001), followed by IT
Adoption (r = 0.614, p < 0.001). Variance
Inflation Factor (VIF) values for all

constructs ranged from 1.24 to 2.87, well

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 - 0517

below the critical threshold of 10,
confirming the absence of problematic

multicollinearity.

Table 3: Pearson Correlation Matrix of

SCM Constructs (n =312)

SI 1.000
DFA 0.512%* 1.000
10 0.487** 0.543** 1.000
LE 0.461** 0.498**  (0.532%* 1.000

ITA 0.576** 0.521**  0.509**  0.487**

0.423%* 0.446**  0.471**  0.439**

SCP 0.641** 0.573**  0.589**  (0.556**

Note: ** Correlation is significant at the

0.01 level (2-tailed).

4.3 Exploratory Factor Analysis

Exploratory Factor Analysis (EFA) using
Principal Component Analysis  with
Varimax rotation was conducted to assess
the factorial structure of the measurement
items. The Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy yielded a
value of 0.879, exceeding the acceptable
threshold of 0.60 (Kaiser, 1974), and
Bartlett's Test of Sphericity was statistically

1.000
0.463** 1.0
0.614** 0.53
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significant (chi-square = 4,821.34, df =
1,128, p <0.001), confirming the suitability

of the data for factor analysis.

Seven factors were extracted, collectively
explaining 68.43% of the total variance. All
items loaded strongly on their hypothesised
factors (loadings range: 0.614 to 0.847),
with  no  significant  cross-loadings
exceeding 0.30. These results confirm the
construct validity of the measurement
instrument and support the seven-factor
SCMF-IT model structure.

Table 4: Exploratory Factor Analysis

Summary

F1  Suppl
ier 13.3 0.7 0.8
6.42 13.38
Integr 8 21 47
ation
F2 IT
12.2 0.6 0.8
Adop 5.87 25.61
3 98 31
tion
F3 Inven
to
v 10.2 0.6 0.8
Opti 491 35.84
) 3 74 12
mizat

ion
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F4  Suppl

Chain 0.6 0.8
4.63 9.65 4549

Perfo 83 26

rman

ce

F5 Dema
nd
Forec 0.6 0.7
3.98 8.29 53.78
asting 41 98
Accur

acy

F6  Logis
tics 0.6 0.7
361 7.52 6130
Effici 21 84

ency
F7 Risk

Mitig

ation 342 7.3 6843

0.6 0.7

14 79
Capa

bility

4.4 Structural Equation Modelling
Results

Structural Equation Modelling (SEM) was
employed to test the theoretical
relationships among the seven constructs.
The measurement model was first

evaluated through Confirmatory Factor
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Analysis (CFA). Model fit indices indicated
an acceptable fit: chi-square/df ratio = 2.34
(< 3.0), CFI=0.954 (> 0.90), TLI = 0.947
(> 0.90), RMSEA = 0.048 (< 0.08), and
SRMR = 0.062 (< 0.08), confirming that the
measurement model adequately represents

the data.

Average Variance Extracted (AVE) values
for all constructs exceeded 0.50 (range:
0.521-0.663), and Composite Reliability
(CR) values exceeded 0.70 (range: 0.831-
0.916), confirming convergent validity.
Discriminant validity was established by
demonstrating that the square root of each
construct's AVE exceeded its highest
correlation with any other construct
(Fornell & Larcker, 1981).

Table 5: SEM Path Coefficients and

Hypothesis Testing Results

Hypothesis

SI — SCP

B (Std.) S.E.
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Note: SI = Supplier Integration; ITA = IT
Adoption; 10 = Inventory Optimisation;
DFA = Demand Forecasting Accuracy; LE
= Logistics Efficiency; RMC = Risk
Mitigation Capability; SCP = Supply Chain

Performance.

4.5 Multiple Regression Analysis

To further assess the relative predictive
contribution of each independent construct,
a hierarchical multiple linear regression
analysis was conducted with Supply Chain
Performance as the dependent variable.
Model 1 included only control variables
(company size, years of SCM experience,
and geographic region). Model 2 added all
six independent constructs. The results are

presented in Table 6.

Table 6:

C.R. (t-
n-value

Hierarchical = Multiple

value)

Variable
H2 ITA — SCP 0.378 0.052
H3 10 — SCP 0.312 0.056
Company
0.098*  0.071 154  0.124 131
H4 DFA — SCP 0.287 0.059 S
H5 LE — SCP 0.264 0.061 SCM
. 0.142%*  0.108* 234  0.020 1.28
H6 RMC — SCP 0.241 0.064 Experience
Geographic
H7 SI—ITA 0.389 0.051 grap 0.064 0.049  1.07 0287 1.24
Region
HS ITA — DFA 0.342 0.055 L
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Model Model
Variable
1(B) 2()
Supplier
Integration — 0.401** 843  <0.001
(8D
IT Adoption
— 0.354** 718  <0.001
(ITA)
Inventory
Optimisation — 0.289** 5,62  <0.001
d0)
Demand
Forecasting
— 0.263** 511  <0.001
Accuracy
(DFA)
Logistics
Efficiency — 0.238**  4.64  <0.001
(LE)
Risk
Mitigation — 0.218** 419  <0.001
(RMC)
R? 0.061 0.524

Adjusted R? 0.052 0.511

F-statistic 6.84%* 34 17**

AR? — 0.463%*
Note: ** p <0.01; * p <0.05. Standardised

beta coefficients reported.

The full model (Model 2) explained 52.4%
of the
Performance (Adjusted R* = 0.511, F =

variance in  Supply Chain

34.17,p <0.001), representing a significant

improvement over the control-only model
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(AR> = 0463, p < 0.001). Supplier

Integration emerged as the strongest
predictor (B = 0.401, p < 0.001), followed
by IT Adoption (B = 0.354, p < 0.001).

These findings corroborate the SEM path

analysis results and provide robust
empirical support for the SCMF-IT
framework.

5. The Scmf-It Framework

Drawing from the empirical findings, the
theoretical literature, and the strategic
imperatives identified through qualitative
insights, this study proposes the Supply
Chain Management Framework for IT
(SCMF-IT). The

Hardware Products

framework 1is structured around three
integrated layers: the Strategic Layer, the
Operational Layer, and the Technological

Enablement Layer.

5.1 Strategic Layer

The strategic layer encompasses the macro-
level decisions and orientations that shape
the entire supply chain architecture. Three
strategic imperatives are central to this

layer:

(a) Supplier Portfolio Strategy: IT
hardware companies must cultivate a
diversified yet deeply integrated supplier

portfolio. This entails segmenting suppliers
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by criticality and developing tiered
relationship management protocols. The
empirical findings confirm that Supplier
Integration is the strongest determinant of
SCP (B = 0.431), echoing the advocacy of
Murthy, Thamarai Selvi, and Vijay Durga
Prasad (2026) for

collaborative,

technology-enabled supplier ecosystems.

(b) Demand-Driven  Supply  Chain
Configuration: Rather than purely
forecasting  demand, IT  hardware
companies should configure their supply
chains to sense and respond to real-time
demand signals. This involves close-loop
integration of sales data, customer usage
analytics, and market intelligence

platforms.

(c) Risk Architecture Design: Proactive
risk management requires building
structural redundancy into the supply chain,
including geographic diversification of
manufacturing, multi-source procurement
for critical components, and scenario-based

contingency planning.

5.2 Operational Layer
The operational layer translates strategic
intent into day-to-day supply chain

execution excellence across four domains:
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(a) Integrated Procurement Operations:
Standardised sourcing processes, contract
lifecycle management, and supplier
performance scorecards enable consistent
procurement quality and cost efficiency.
Dynamic procurement models that adjust
sourcing allocations based on real-time
supplier ~ performance  metrics  are
particularly effective in volatile hardware

markets.

(b) Intelligent Inventory Management:
The application of multi-echelon inventory
optimisation models, combined with Al-
driven safety stock calculations, enables IT
hardware companies to reduce inventory
carrying costs while maintaining high
service levels. Our data indicates that
organisations with formal inventory
optimisation processes achieve, on average,
18.7% lower inventory carrying costs than

those relying on manual stock management.

(c) Logistics Network Optimisation:
Efficient last-mile and cross-border
logistics are critical for IT hardware, where
components often traverse multiple
continents  before  final  assembly.

Continuous  optimisation of logistics

network design, carrier selection, and route
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planning yields measurable cost and speed

advantages.

(d) Demand-Supply  Synchronisation:
Sales and Operations Planning (S&OP)
processes that align demand signals with
supply capacity across the extended
enterprise are fundamental to operational
excellence.  Regular  cross-functional
alignment  meetings, supported by
advanced analytics dashboards, improve
forecast accuracy and resource allocation

efficiency.

5.3 Technological Enablement Layer
The technological enablement layer
underpins both the strategic and operational
layers through a suite of digital capabilities.
Consistent with the findings of Murthy,
Thamarai Selvi, and Vijay Durga Prasad
(2026), IT Adoption was identified as the
second most influential predictor of supply
chain performance (B = 0.378), affirming
the transformative role of digital
technologies in SCM.

(a) Internet of Things (IoT): Real-time
asset tracking, condition monitoring, and
predictive maintenance across the hardware
supply chain. IoT-enabled visibility
reduces shipment loss rates and enables

proactive exception management.
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(b) Artificial Intelligence and Machine
Learning: Al-powered demand
forecasting, predictive risk scoring, and
autonomous purchase order generation
significantly compress decision cycle
times. Companies with Al-augmented
SCM platforms in our sample reported

27.4% higher demand forecast accuracy

compared to non-adopters.

(c) Blockchain Technology: Immutable,
distributed ledger-based tracking of
component  provenance,  certification
records, and transaction histories enhances
supply chain transparency and reduces

counterfeit component risks, a particular

concern in IT hardware supply chains.

(d) Cloud-Based SCM Platforms:
Integrated cloud platforms enabling real-
time data sharing across the extended
supplier network improve collaboration and
reduce information asymmetry, thereby
supporting better decision-making at all

supply chain nodes.

6. Discussion

The empirical results of this study yield
several important insights that extend and
enrich the existing SCM literature. First, the
primacy of Supplier Integration (f = 0.431)
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as the most significant predictor of supply
chain performance corroborates earlier
work by Frohlich and Westbrook (2001)
and Flynn et al. (2010), while extending
their findings to the specific context of IT
hardware. The unique nature of IT
hardware supply chains, characterised by
highly specialised components, long lead
times, and significant switching costs,
makes supplier integration not merely

beneficial but strategically essential.

Second, the strong predictive power of IT
Adoption (B = 0.378) aligns with and
extends the framework proposed by
Murthy, Thamarai Selvi, and Vijay Durga
Prasad (2026), who demonstrated that
supply  chains  leveraging  digital
technologies, particularly IoT, Big Data
Analytics, and Al, achieve substantially
superior operational outcomes. The SEM
results further reveal a significant path from
Supplier Integration to IT Adoption (B =
0.389), suggesting that deeper supplier
integration facilitates and incentivises joint
technology investment and capability co-
development.

Third, the significant contribution of Risk
Mitigation Capability (f = 0.241) to supply
chain performance, while the smallest
among the six predictors, nevertheless
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underscores  the  growing  strategic
importance of supply chain resilience. Post-
pandemic, IT companies are increasingly
prioritising risk management capabilities,
and our findings suggest that investments in
this domain yield measurable performance

returns.

Fourth, the total variance explained by the
model (Adjusted R? = 0.511) indicates that
the SCMF-IT framework captures a
substantial proportion of the performance
variation in IT hardware supply chains. The
remaining 48.9% of unexplained variance
may be attributable to macroeconomic
factors, industry-specific dynamics,
leadership quality, and organisational
culture, which were not within the scope of

this study and represent avenues for future

research.

7. Managerial Implications
This study offers several actionable
implications for supply chain managers and

executives in IT hardware companies:

First, given the overriding importance of
supplier integration, IT companies should
prioritise  investment in collaborative
supplier relationship management
programmes. This includes establishing

joint innovation labs with strategic
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suppliers, implementing shared
performance dashboards, and developing
long-term preferred supplier agreements
that incentivise information sharing and

capacity commitment.

Second, the strong returns from IT adoption
underscore the business case for digital
supply chain transformation. Companies
that have not yet implemented Al-driven
demand forecasting, loT-based tracking, or
cloud-integrated procurement platforms
should treat these as strategic priorities
rather than optional enhancements. Digital
maturity assessments can help identify the
most impactful areas for technology

investment.

Third, inventory optimisation deserves
sustained managerial attention, particularly
given the high obsolescence risk of IT
hardware components. Dynamic, analytics-
driven safety stock models that account for
component lifecycle stage, demand
volatility, and supplier lead time variability
should replace static, rule-of-thumb

approaches.

Fourth, supply chain risk management
should be elevated from a reactive to a
proactive organisational capability. This

requires dedicated cross-functional risk
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management teams, regular supply chain
stress testing, and the development of
alternative sourcing strategies for all single-

source components.

8. Conclusion

This study presents a comprehensive,
empirically validated Supply Chain
Management Framework (SCMF-IT) for
hardware products in IT companies. Using
primary survey data from 312 supply chain
professionals and employing rigorous
statistical methods including SEM, factor
analysis, and multiple regression, the study
demonstrates that Supplier Integration, IT
Adoption, Inventory Optimisation,
Demand Forecasting Accuracy, Logistics
Efficiency, and Risk  Mitigation
collectively explain 51.1% of the variance

in Supply Chain Performance.

The proposed SCMF-IT framework,
organised across strategic, operational, and
technological layers, provides a structured
and actionable model for IT companies
seeking to build resilient, agile, and high-
performing hardware supply chains. The
findings are consistent with and extend the
work of Murthy, Thamarai Selvi, and Vijay
Durga Prasad (2026) on technology-driven
SCM transformation, affirming that digital
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enablement, when combined with deep

supplier  integration and  rigorous

operational disciplines, generates
compounding supply chain performance

advantages.

Future research should examine the
longitudinal dynamics of the SCMF-IT
framework, explore cross-national
comparative analyses in diverse IT
hardware manufacturing contexts, and
investigate the moderating role of

organisational size and market maturity on

the proposed relationships.
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Abstract

The purpose of this study is to investigate about the role of villains in the drama of William
Shakespeare, and what are the factors behind a man, which are responsible for making a man
villain, and what are that circumstances, which evokes a person to be a villain, some person may
become villain due to will, and some person may become villain, due to reason. Although it is

sometimes difficult to distinguish between villains of will and villains of reason.

Let’s start by asking whether there really are heroes and villains in Shakespeare’s plays. These
concepts suggest that someone can be all good, noble, and well-intentioned on the one hand or all

bad, ill-intentioned, and downright evil on the other.

What makes Shakespeare’s characters so interesting is that they are human beings, motivated by
the things that motivate human beings: they react to other circumstances and to people in different
ways. One man can, like Macbeth, be both ‘hero’ and “villain’, responding to the conditions he is

faced with as they change.

As one can imagine, Shakespeare’s plays raise the question of what a villain is so to present a list
of villains is not a clear-cut task. For example, some lists have Shylock from The Merchant of
Venice on them, but in some ways of looking at it he is very much a victim rather than a villain.
For these more ambiguous characters we have put together this list of Shakespeare’s most

misunderstood bad guys.
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The 12 Most Evil Characters in
Shakespeare’s Plays:

Name of Villain

Name of Drama

e Claudius - ‘Hamlet’

e Jago - ‘Othello’

e Don John - ‘Much  Ado
About Nothing’

e Lady Macbeth - ‘Macbeth’

e (aliban - ‘The Tempest’

e Macbeth - ‘Macbeth’

e Edmund - ‘King Lear’

e Richard Il - ‘Richard III’

e Shylock - ‘The Merchant
of Venice’

e (Cassius - ‘Julius caesar’

e Tybalt - ‘Romeo  and
Juliet’

e Aaron the Moor/Tamora -
‘Titus Andronicus’
After having a knowledge of
Shakespeare’s Villains in brief, I

would like to focus my research
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evil activities, by which he could
harm the person whom he dislike due
to any reason. lago dislikes Othello,
because he thinks that, Othello is the
person who is responsible for his
frustration, because Othello gives the
high position to Cassio, on which,
Iago had eyes, and he thinks that, he
deserves that position but due to
Othello he could not get that
position, he has been passed over for
promotion to lieutenant. Cassio is a
young and inexperienced soldier,
whose high position is much
resented by lago. Iago dislikes
Desdemona, because she does not
like him as a lover, as he expects
from Desdemona, Iago dislikes
Cassio, because he is the person who
takes his high position, on which he
had right. So there are lot of ample
reasons, behind lago’s evil act,

which motivate him to take revenge.

studies on lago (the Villain), because
he is the main character in the play
‘Othello’, without him we cannot
imagine about the ample interest in
the play. Because he is the only

person who always indulge in some

Introduction

“lago 1s the opposite of God, that is, he is
the Devil. ... lago is aman with an
obsession for control and power over

others who has let this obsession take over
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his whole life. Necessity forces his hand,
and, in order to destroy Othello, he must
also destroy Roderigo, Emilia,

Desdemona, and ultimately himself.”

More than four centuries have passed since
William Shakespeare slipped off this
mortal coil, yet the impact of his genius
continues to shape and inspire the world.
His brilliant pen and keen insight into the
human condition has allowed his
legendary work to boldly stand the test of
time, remaining relevant and accessible

across the globe.

Othello 1s an example of one of the
masterpieces of Shakespeare’s great
tragedies. The plot of Othello revolves
around an African general in the Venetian
army, who has become the victim of
lago’s tricks for suspecting his wife of
adultery. Othello is a tragedy of dark love
and sexual jealousy. The tragedy is an
example of racial prejudice that leads to
darker side of love. The root of negative
love is connected to Othello’s complex
and misunderstanding as to why a
beautiful character like Desdemona could
love an African soldier. The present article

is based on the critical analysis of three
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leading characters: Othello (tragic hero),
Desdemona (heroine) and Iago (the jealous

villain).

One of the purest manifestation of evil in
Shakespeare’s body of work is Iago, the
conniving and deceitful second lieutenant
to Othello, the tragic titular character.
Displaying malice and jealousy without
clear reason, lago is a force of lies and
chaos, double-crossing numerous
characters, and ultimately manipulating

Othello into murdering his wife

Desdemona.

Many scholars see lago as the most
inherently evil of all Shakespeare’s
villains. He spends the course of the play
relentlessly plotting Othello’s downfall
and his malicious scheming drives the

storyline towards its tragic finale.

All Shakespeare villains act in cruel and
unpleasant ways. Some of them Kkill,
deceive and otherwise take advantage of
their fellow men and women, but they are

all only human beings.

Much has been continuously written on

different aspects of Shakespearean drama
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in general and tragedy in particular.

Othello has not been an exception.

Shakespeare has successfully depicted two
sides of love in ‘Othello’. Right from the
portrayal of an example of strong bond
between Desdemona (the heroine) and
Othello (the hero) at the start of the play
which leads to the culmination as a tragic
hero, Othello has become victim of dark
form of love, mixed with hateful jealousy
throughout the play. Shakespeare has been
popularly known as the playwright of
tragedies. It does not mean he has not
attempted comedies or sonnets. He has
been a versatile writer. Othello is a
wonderful example of ‘romance’ basically
between  Othello (the hero) and
Desdemona (the lead heroine). They are in
serious love, but Othello can't remove the
root of his doubt as to why such a pretty
woman would love a man like him (who is
not good looking at all). The initial doubt
has been increased by the poison of the
villain (Iago) which the hero can’t
understand despite the fact that, she has
done nothing wrong. In order to develop a
deep understanding of the concept of

Shakespearean characters and elements of
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love through the characters, it is inevitable
to delve deep into the socio-psychological

analysis of each of the main characters.

Iago is the epitome of conniving and evil
character in a play. He is sly and quick
witted, untrustworthy, and sexist (which is
a counterproductive characteristic). He
shows no sympathy after he blackmails
people that trust him, and he spends his
time, entirely in the play, in planning and
executing their demise. He plays a crucial
role in the play as the antagonist, and

without him, there would be no conflict.

First and foremost, lago’s most useful and
perhaps most important attribute is his
ability to think quickly and calmly. lago’s
nerves of steel allow him to think quickly
and delicately, without boxing himself in
to his own trap. This is key to his
scheming because he is frequently put on
the spot by Othello, and if lago fails to
respond in a timely and witty fashion, his
plan will be either foiled or, worse,

revealed to Othello and others.

A fine example of lago’s quick wit is

found in Act III, Scene III. Othello asks
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lago to provide proof that Desdemona is

having an affair, and Iago responds,

“There are a kind of men so loose of soul
that in their sleeps will mutter their affairs.
One of this kind is Cassio. In sleep I
heard him say “Sweet Desdemona, let us
be wary, let us hide our loves.” (Act III,

Scene 111, 413-417).

So far, Iago’s only proof that Desdemona
was cheating on Othello is the
handkerchief Iago plans on planting in
Cassio’s room. lago had not yet thought
of any other ideas he could use against
Cassio prior to Othello asking him to
prove what was going on, so lago quickly
formulated this story in order to keep
Othello angered and jealous until lago had
time to plant the handkerchief. This is a
fine example of how lago thinks on his
feet. Another defining example of lago’s
cunning is in Act III, when Othello and
lago enter the scene when Cassio is trying
to convince Desdemona to speak in his
name. Upon Othello’s entrance, Cassio
quickly departs, not because he is trying to
sneak away undetected, but because he

doesn’t want to confront Othello just yet.
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Othello asks lago if it was Cassio who he

saw leave, and Iago responds,

“Cassio, my Lord? No, sure, I cannot think
it that he would steal away so guilty-like
seeing you coming” (Act III, Scene III, 38-
39).

lago immediately arouses suspicion of
Cassio in Othello. This is the ignition of

Iago’s scheme against the other characters.

While quick critical decision making is an
attribute that can be admired, although not
in lago, the trait that makes lago a true
rapscallion is his untrustworthiness to
those who think they have befriended him.
All of the characters in the play start on
great terms with lago. They trust him,
especially since he is a military man. The
most obvious event that reveals how
untrustworthy Iago is his plot to blackmail
all of his so-called friends and colleagues.
His intentios sadistic, lago reveals his plot
to extort his first victim, Cassio, in Act IL.
Cassio takes Desdemona’s hand to greet

her, and in an aside, lago says,

“He takes her by the palm. Ay, well said,
whisper! With as little a web as this will |

ensnare as great a fly as Cassio. Ay, smile
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upon her, do, I will gyve thee in thine own
courtship. You say true, ‘Tis so, indeed.
If such tricks as these strip you out of your
lieutenantry, it had been better you had not
kissed your three fingers so oft, which now
again you are most apt to play the sir in.
very good, well kissed, and excellent
courtesy! ‘tis so, indeed. Yet again your
fingers to your lips? Would they were
clyster-pipes for your sake! (Act II, Scene
I, 162-170).

One might wonder how someone who is
supposed to be honourable and trustworthy
can really be the root of all evil. There are
many examples throughout the play that
only support Iago’s untrustworthiness.
lago uses Emilia to take possession of
Desdemona’s prized handkerchief, and as
if that isn’t enough to send him to hell,
lago also plans to use it as blackmail
against Cassio.  Throughout the play,
characters place their trust in him when
they need it most, and they are blind to his
treachery. lago plays Cassio and Othello
and they both mistakably name him an
honorable man. It is important that lago is
an agile thinker in the play because

without it Shakespeare wouldn’t be able to
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create suspense in the moments in which

Iago’s scheme is challenged.

In addition to these attributes, Iago also
has a distinct animosity towards women.
This is peculiar because lago’s entire
scheme to extort his “friends” seems to be
based around his goal to have Desdemona.
lago is sexist, and even displays it to

Desdemona.

“Come on, come on. You are pictures out
of door, bells in your parlors, wild-cats in
your Kkitchens, saints in your injuries,
devils being offended, players in your
housewifery, and housewives in your

beds.” (Act II, Scene I, 109-111).

Desdemona is offended by lago’s sexist
jokes, accordingly. lago basically states
that women are good for nothing but sex,
ironically he believes that even at sex,
women aren’t up to par with his standards.
lago states that if a woman is attractive,
she will use her looks to get what she
wants, if the woman is ugly and smart,
then she will be intelligent enough to find
a man to sleep with, and that no “fair”
woman is “foolish” because all women

like this simply seems intelligent to men
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blinded by the woman’s looks. Again

speaking of women, lago says,

“There’s none so foul and foolish
thereunto, but does foul pranks which fair
and wise ones do.” (Act II, Scene I, 138-

139).

This is confusing because if lago plans to
have Desdemona fall for him, why would
he expect her to come for a man that has
absolutely no respect for females? lago’s
sexist tendencies are pivotal because they
press they fact that marriages didn’t mean
as much as they do in modern society.
lago’s wife Emilia has virtually no place in
lago’s heart, yet they sewn by marriage.
lago’s personality is complicated because
of his attraction to Desdemona combined

with his hatred towards women.

Simply put, Iago is all that is considered
unholy. Whatever higher power he
believes in will send him straight to
whatever hell he believes in upon his
death. He is sly and quick witted,
untrustworthy, and sexist, and does
everything within his power to manipulate
the other characters in a play. In a way,

lIago is the perfect villain, however odd it
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may seem to call lago perfect in any
context. Shakespeare caused lago to be
the most fascinating character in the play

because of his paradoxical characteristics.

Conclusion: Thus we can say that,
Othello, is a wonderful creation of the
great dramatist, William Shakespeare, and
when we talk about the role of villains, in
the drama, we find that, Shakespeare has
done a great job in this regard, and he has
made true justice with villain’s role.
Although there are lot of wonderful role of
villains in the drama, but when we talk
about lago’s character, we find that, his
role is very effective and he almost
controls and effects the life of main
characters in the drama. Without Iago,
(the villain) in the Drama ‘Othello’, we
cannot Imagine about the success of this
Drama, because lago 1is the main
antagonist who Controls the life of all the
main characters in this drama, whether he
may be the Protagonist, Othello,
Desdemona (the heroine), Emilia (Iago’s
wife and Desdemona’s attendant), Michael
Cassio (Othello’s lieutenant) all are

suffered directly or indirectly by him.
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He shows no sympathy after he blackmails
people that trust him, and he spends his
time, entirely in the play, in planning and
executing their demise. He plays a crucial
role in the play as the antagonist, and
without him, there would be no conflict.
lago due to his bad nature, he plotted to
destruct the life of whole person, who are
responsible for his dissatisfaction due to
some reasons. Actually he hitted many
birds with a single stone. He used the
weapon of jealousy against Othello, by
twisting his deep love for Desdemona, to a
great hatred, and finally she murdered by
her own husband Othello due to
misunderstanding. This play shows that,
how a great warrior, like Othello, who
cannot be defeated in battle field, can be
destroyed, if he has a tragic flaw in his life.

One tragic flaw is ample for destroying

anybody’s life.
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YR JH WWRT & AU, HETHRA, g
3R S =A% Tyt T & e U
A gardl & 3M® I g o H Al TUE,
Ul are, o, Ur, agdd $HeadH,
ST, I AT ZATS RfesT BT AT
eI fausl fears gar g1 39 ARfeey 3
U URd & FY-91Y YD YR Dt
o TR 4 THTE STem g1 HReH Aot
3R TS I uRfRufaat & gry-any
3T WP 3R TRifAe WRTe F e
S[ST g3 € Sifory & gy a1 famsf ot oft
YRd H IoHIfde TagR Pl gHIfad dd
€1(4) (Radhakrishnan, S. 1923).

S 7MY B gHIAd HRA aTd 39 UHR B
oAl Pad g YR @ A HUrsl # g
Tt foars 30 § oifig YRa & 3fae™ &
fowTg wH & faftd @ral § [v4-fie =i /
M DI AT U&H &34 & fore 7T fhu
Sd | ¢l fefew &ra, wWdmar stige,
AT o TG T4 JHBTC T HIR IS |
S{CT-S1QT gl T YT fopdT 7T

fafesr wrefte WRa & fawsf (Afeq)

Al Fra & fafewr IR gRT HRA W
30U YA B ¢ B TG HRA S dT &
Tied & IRA & fau fafte Rfesg o
TANT fopar | 3T A JufdRaie & ay
W?ﬁ“lﬁ %?T\_rl'lﬁm‘l-ﬂ?(white man's
burden) , HRdIA Tl fU@Sl, URd HHl T
Ty T8l o, fearss s &, @ &1 faga
femror, SiUSht Rrem & 9§, S SIHHTT
Rrgia @1 ST 1 JanT fhar forid oraR
3 ot g8t & g Fardt 781 & 3 TR ¥ oM
SMHAUIGRT U T HET BT IR & A
Jh1 I5 ¥ HRA b NN H AFATG B HIGAT
P GHTT BT UT dlb d 39 YH BT RHR
BIa 3R fr 377 oot it faceht 8 s ave ww
famef (Rfea) a8 s T fF 1947 J ugd
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YR Y 8T 4T 3R 3Gl A 39 o &I Th
T ST 3R TP AlpdiiHe YHRUA 1Y
D! R veE Bt ST I S A
B! IoHITae AT P Iy Afde Tad= ur
&A1 7| 34 ave fofesr s A el we
I IS B B USSR HIfd & gRT
YR GHS &1 HHOR BTl bl UgaH B
feg s e, ifg sm Rra sfas sAm omd
JGlieId S8 QY g TS, ST S+ U],
Zf&Ur YR 9919 IR HRA saife famsf ar
ARfeod & WHH ¥ URd ¥ dd 99T d&
INA BT SR S & SgadEEl SR
TRl YUl WG&Y & dre &I B [Tl
S UPHR 1857 B! hifd (AaAdl TUTH) Bl
T A fagie Rig w7 &1 Rfea Te1 m
JUT 3T UHR & farf e S 3 R
ST & A DI HHSIR B 36 HHNID
U ¥ AW §H BT S BTl (5) G
AR, 2025)

TadAdT 3iere & faust (Avfeq)

fafew =M & Raew Tadzan stigia A
IIol WAaT AT A WRIS, WM, YR
BT TR DHR HRAN S D1 T YA H TY DR
S Sfiaia &1 Wy Yo foar auT el
ERT BN T YIS Hel-al 1d Rfcoq ol
e &1y fean siufafie we &
g&Ih Pl died & foU  URA™ &dadT
ﬁ:ﬂﬁtﬁe[ @ narraﬁvesﬁﬁ@mﬁ?@mﬁ
SHHMY B od fear iR Siufafie

M &1 A & (6) (Chandra et al., 1989) |

AHAT fdde GRT “TaRTS ART SRS
SIfIPR B F NRfead & Hregd J Wad B
Y AT HYPR & U H RMUT IR
ST $1 fad=i ot & ufd SRes fear
3R =T &1 HiTl oI 9 fear| (7) (Sarkar,
1983)
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& R & gr1 fofexr = & 59 g @
Ge fpan T 5 URA T Y e § aul
YRA & e faRmd ok sl Tpfa 3
HEIAT TR 1 s o YRA BT Wax
A DI AR BT AT T HITIBRI AFATG DI
S [T (8) (Anderson, 1983)

TRTAT iR A ST, Tawg SR I IST oY
Rfesy &1 fafew WeR o1 Afaw duar o1
AT B dUT HIRA B 3MSIE! & forg s+
a8k 3y guds urd HA #
frar 33t UeR SiufafRie My o SOrR
- A GIGIHTS ARIST B gol &Rt A
fafew I & faae eridiy &) AT e &
geanT faa

g RfCoH BT AFATE B UG B fIbTE P
T P TSC! fea™ | Ag@yul IRTeH 8T

Wda MRd &1 Iefa & fAafia fawsf
([xfeq)

Wad HRA A Ahdite qaRl &I g1 3R
I da B AT &1 Hedqu! YHHBT 8l § 3T
TG oiidq & g fF-fe Ierifae arat
RT3 g R S(aT-31eiT Riceq &1
AT foear T O Rfesw gATE ufshar &
Sfed dM-8M B g7 ardl YTl &I avg B
HRd &1 2 fam=it (Rfed ) # uahge & a1
fquIfSTa =, ORT B a1 PRI A &t
fad Bt €, S 7 Had g & TRumy &
Sfcr HuIsh a1 fauell A Tevs A JS AT b
W & Wt 3MHR St %I (9)Chintan India

foundation

WGdAdl & G SHd ] THITAd B o falg,
AT STt & g 3R AT aerdT uTed
B & T SITHT-IERT gat 3R Aadrsf gRI
30 370 ey §-1¢ 4|

95
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1947 9 1964 TP g I H YR &b TAHATT
& forg g et wreETe SR gwfRueT,
TefRued, daeita qur sifife fAaeH o
Rfeed &1 yanT foa ma| fore gR1 Ay Bl
Tehdl & 93 | ¢, fafayar o tear wifia
B, AoHIaG [AHT B, ATdoi- & 1
RTYAT HR dipdize IR &1 faen
H dUT Wi YR &I W g Hifd &
SR A et FHuraf (narratives) bl
TR &R TS o 9 v fosar |

1964-1980 & BT H B U 3R I ¥l
gfeRr el 3 il geren & Rfea » Aremq ¥
BT IS T BB RT TSl &
fore ol v foran Ut gAme &yt 9gd
Sl U B | 1Y Bl Ueb Holed b b Rfed
P W o1 T e Wew ¥ Wfed &
HEIDHRUT 3R SMTATIDTS oY BTt b1 ot deran
3 T U fHaT TRIT| (10) Kohli, A. (2004)

1980 & dIG o GRIP H HR oI H Th
3d & U@ P MG g5 auT AoFid J
TIRd fpu S o Rfesw a1 faw=it A
fafgerar fewrs 3 ot e Rfgyd v =u
T & eI R UgaM & Udhe A el g
ot | &=f srepiensi & fauwf = SR &iugat
P! faurSTe IHIfT &1 Sgrar faar gyt oifq,
i 3R & Teieht ugar & fouwf aur TedyT
oI & o fea

1991 & d1E S H ISRIHUN Ao 3R
QefieHUT BT AT YR G3HT T TN g
3R YR U I+ 3Mffeps wifad o Rfesy
= YR oI &1 guTfad foea|

JABIEH HRAE oHd # 99T 4R,
RYATG YT HRA [ WWRT & R,

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 - 0517

I narratives TH: STl NI
(11) NITI Aayog. (2021)

DI YRA o § YRa™ I
WRURT S Hi¥epfcrep -UfcTgTie gfidl T TanT
YR &1 RG0! Tepid SR Ggdr &1 ufagT
Tq R(aTe 1 {1 o YR o forg fobar o
BT &1 3 gaidl BT YaRT Y &1 fafdedr gof
i, favTd, ad=ar Il & anTer,
, AE@qU! feaw YT TS} & 3fd Heleqd &
3MTaSH H fobar ST 3gT & o wearensii &
Y UGS S[STd §-aT & 3R fafaerar &
THal & e bl gt fAadr 31 Iefiavor &
3 g & YRd &1 Ay e Aem=ifad
& ¥U H U DA d1d [dhRid HURd 2047,
Sit-20 % HRAT W, [ABT, ASHTR goi,
RIS e, Aed BR qed HI Hel-al
§d §U Adardist &I e g $fiR
IR TAST IR JHIGRA & Jo fexard

%I(l 2) Chintan India foundation

g1 & IIY-GIY oS U1T & fau gferd
famef, e Turar & faw aftan siee,
s =mg & fow feam fausf ok gdad
fopm & fou gofavofi famsf +ff urda
IS A TY-TTY TA 3G B

TATAT IS, AT 3R AdeH HagR R
3 Ry HT 9gd UG I8d1 ¢ | I Rfeoq
Sfa, e, fofT SR S1eT-SIeRT ST & &b ari
& foIT SIS U 7T I1d & 3R 3p1
a9 g usdr |1 HeAES 0 I
UIfad 3R UM &R 31uiRd I eI
forel gAmE TSI IR AdeH TdeR &
95 S YUIfAd TR 5| 3 A fau=i &
&dl Bt Uga 3R Fe-iifa &t Fufikd Hd §
RN BT T B T § AR TGS Bl
THYIE HR AT IR ST B G TR G-
B T B B Heaquf YAeT AHTR § 1 3
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o=l 1 ST SIR Db UHITABR g H
%I (13) The Effect of Narrative in Indian
Politics: Mr. Pragun Kumar N)
https://www.ijfmr.com/papers/2025/3/47776.p
df

2 ey &1 7 Had W I H S
&I guIfad HA 3ifUg afyd IoEifa & off
TIUC UTaR T RSB Idd He-tid &b = d 3 TR
CRIEIREE]

3T YR D1 T THIGRITA! Fite UTeR o= &
U H ST 91T ], ST SR goIRY anf
fawiid foume wadr SR ISifae aw
TUT U T IR & TG HEaHH, M,
o GHHTG, ISTEH oY Fip o Rfdoq g off
AP TR R YR HI T ifaldr, Tama=h
3R A T & U & RN B &1 (14)

https://www.iasgvan.in/rstv/perspective-indias-

soft-power-a-comprehensive

analysis?utm_source=chatgpt.com

O\

e graR ® Wepfa, IeHifae Riesy 3R
foqm fift wfa ¥ W@ sl
IS et H T URep Xfdd AT ST 8
fora# fordlt Iy & Tikplas, UaeRiss 3R
RS THTE &1 SUTIT AMA ST g | HRd
oI WY B 3P F W TH TR 3R
THTaRITCl AT & U § Ugd A & fore
Tt UTeR 9gd TRiAE 71 (15) g, . 1R,
(2019)

Rfea orR, Tite TR o1 &) fewan § Afea
3P T B GRS 3R HIaTHS TR
R 3% YuTE g1 adH I iRyt
ufyed duar & Tebe, Abda B U1 &) @
TR, FOR R SHAT & Sgd THIE, R
Hifean 3R fefred Wewd & sgd THd &
PHRUT, I &1 Afed T =0 F YRS Dl
Teq, 3P Ted! DI HR 1 3R I¢ oy
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R B A ot IT®! &mdl W 1R Hrat g
TN Sias e # edifae
qoperdl & forg fobeit <=t ot 1Pty fod o &y
Rfea pedifa & ot gura=me {1 =gyl
3T YR A TR WR 3O UgaH, dedr
R AJd P veRid 1 & foag Rfea
Feifd B AT FIAAYdS R Fafyd
w0 Y ITIT R 5T B | 9 wifea, sicdigs
fhert 3R feRiee wiewiH i v o<t yfirer
TR

YRd @1 Rfed Heifa &1 gyt Iugi
Pifdg-19 TeMR! & 99T &dr, o9 394
Ay SRAATAT & TR WR fapr=hia 3 &t
b U PRIHR AR HAT UG & Dl |
Y URA & df¥jes HeaTol & Ufd Ufdes U
forieR Y R dfYe Wred TR | t6
fayT=ia wriieR & Feiifas fausil & aa
o1 32t RE G 20 & ASEH </ & €9
YR HI 3R IRH & JHERMN U, ag4d
PCIHH 3R AP S0 BT oA & U H
YRA & Rfeq HeAlfd oI gad= fFan (16)

https://www.ijfmr.com/papers/2026/1/67798.p
df

A H YRR I URORT 3R 3! IH=
JErsff & qEYE § IUGIRIar & gdid A
YRd & Rfed TR ¥ gfg 3t 31 wrlA
AYFHd ®I Siied a1 ORY [a4 &I Jadid
TR Rl & MR W DY Uiy = I e
HRAT ¢ 1Y B IGURd 3% T 2hife RTo,
AR W 3R JaiaRur WRemr & g
fapeg ot Uem FRar g1 HRA I WWRT
3R ITD! Ab-HUTE Had Sfcitd &1 Wil
Tt sfeer o Bt pefifae doit §1 Rfea
Feid & g1 H T HUN YRA B! TP A,
AR SR WIarTd Wfad & U H Ugd
A ¥ 1 3 UPR, HRA P dlib-IRWT A%y

o7
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AT & 9 Had Gale &1 AeaH §94 €,
§fesp Jfedds fayef® off uem Rt 3
ey 3fik TyTaame
FHSBTE TSI H TR R SRATT TR
R SHd @ gHIdd &1 & Riceq &t
YT # R afg & W 81 URa &
3R SR SIRAP oI § HRA
I WWRT F A1eOH ¥ U HRA 3R Fegra T
qul fay & ol &1 far we wifda=men
Rfea F U AIWIE, S 3y T YR &
yaTE 3R AP g A W snuid gl
YR F TRORT 39 VDI B 3R T
TG |, NP g IoHITT Bl had didd
g yxe e # Td e urfife,
IR 3R IS a1 & T § Wt
g1 IHal 39 §1d Bt § fb Rfesy &1
T ¥hRIAD U § fHar | aur 9
gD AU W SR 81 o
o & wftrd forg ST arel Rfesy T s=a
8T U TEHTT THIARN ot &1 At
FH g fam=it o 9a feor s =nfeud
AP TR W HRT 30T Rfeq gefifa
H1 9 UHR YA & o dguf fay & 39
TUTT 3R IYaT & giS B 3R 98 U faye=ia
Teanft 3R Jusf & a1 S aTel Wfad
F =0 # ufaffd g1 Rfecy o1 gHgeR) ud
TORTAT § TN dReh YRd Rfed Fe-ifd &
1A ¥ HowRd 9y ¥ U Agaqul et
fAdgd s gwar gl
el =t

1. U9 9AAR,(2025), R BT ARSI,

YT UBTH
2. Miskimmon et al., 2013)
3. https://www.drishtiias.com/hindi/bl

og/life-lessons-hidden-in-indian-
folktale
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A Study On The Future Of Entrepreneurial Ecosystems

Dr. Prachi Singh
HOD, Dept. of Management, Maharaja Agrasen International College, Raipur (C.G.)
E-Mail Id: prachi.rajeev@gmail.com

Abstract:

Entrepreneurship plays a pivotal role in the functioning and development of any economy.
It is a dynamic process driven by innovative and creative thinking, where individuals take risks to
establish enterprises that create value and contribute to the country's GDP. In a country like India,
with a significant need to manage its vast human resources, entrepreneurship becomes even more

crucial.

Entrepreneurship has a meaningful impact on the marketplace and offers solutions to challenges
such as unemployment, job creation, innovation, wealth distribution, poverty reduction, local
community development, foreign investment, trade, human capital development, and economic
diversification.

To cultivate an entrepreneurial mindset, the higher education system plays a pivotal role. By
providing early exposure to entrepreneurship, students can develop the necessary skills, knowledge,
and experiences, and become acquainted with the challenges of the entrepreneurial world.
However, one major obstacle faced by aspiring entrepreneurs is the lack of support systems. Many
enter the market without adequate preparation and understanding of the business landscape. This
drawback needs to be addressed, and the higher education system can play a crucial role in doing
SO.

By offering comprehensive courses, incorporating entrepreneurship into the curriculum, and
providing supportive infrastructure, higher education institutions can train and prepare students
for the entrepreneurial journey. Formal training not only instills confidence in students to pursue

their ideas and bear risks but also reduces the chances of struggles and failures.
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Overall, entrepreneurship is essential for economic growth and development, and the higher
education system can contribute significantly by equipping students with the necessary skills,
knowledge, and support to succeed in the entrepreneurial ecosystem.

Higher education institutes indeed play a vital role in providing an ecosystem that prepares
students for the outside real scenario and nurtures them to become confident and aware
entrepreneurs. This controlled environment within the institute allows students to develop essential
skills and knowledge while being exposed to the challenges and opportunities of entrepreneurship.

The ecosystem can be divided into three dimensions, namely:

(a) Curricular
(b) Co-curricular

(c) Support infrastructure

Keywords- Entrepreneurship Development, Higher Education Ecosystem, Entrepreneurial

Mindset, Innovation and Economic Growth, Institutional Support Systems

Introduction: understanding, the teaching methods

should adopt a practical approach.

(A) Curricular Dimension:
The  curricular  dimension  within
entrepreneurship education are essential
for laying a strong foundation for aspiring
entrepreneurs. The design and delivery of
these courses should consider the current
and future scope, challenges, and risks of
the national and international markets. The
course  content  should cover the
fundamental functional areas of business
management. These typically include
strategy, marketing, finance, human
resources, operations, and technology. To

engage learners and enhance their
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Incorporating group projects, case studies,
internships, and real-world simulations
provides hands-on experience helps bridge
the gap between theory and practice.

(B) Co-Curricular Dimension:

The co-curricular aspect of
entrepreneurship education is crucial for
enhancing the practical experience and
complementing the theoretical knowledge
gained in the curricular domain. It
provides  students  with  hands-on
opportunities and exposure to real-life
scenarios in the entrepreneurial world.

Here are some activities that can be
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included in this dimension-case study,
guest  lectures, clubs,  workshops,
competitions, internships and industry
visits, networking, events and conferences.
Networking opportunities, events,
conferences, and discussions could provide
students the opportunity to expand their
network, learn  from  experienced
individuals, and explore potential
collaborations. Internships and industry
visits provides students with insights into
the entrepreneurial ecosystem. Internships
with startups or entrepreneurial ventures
expose students to real-life challenges and
help them develop practical skills.

(C) Support Infrastructure:

Support infrastructure is a very crucial
dimension in  the ecosystem  of
entrepreneurial development. The
government, along with other
stakeholders, implements various schemes,
systems, and equipment to provide
assistance and guidance to entrepreneurs
with  feasible business ideas. The
supportive measures available are the
Research and development, favorable
business environment, scientific and
technical support, training, financial aids,
expert assistance, skill development etc. It
is crucial for students and aspiring

entrepreneurs to stay informed about the

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 - 0517

available resources and take advantage of
the support infrastructure to enhance their
entrepreneurial journey.
Chhattisgarh  is  actively  fostering
entrepreneurship, recognized as an
"Emerging Startup Ecosystem™ with over
1850 DPIIT-recognized startups by 2025,
supported by policies like the 2024-30
Industrial Policy offering significant
financial incentives (seed funds, subsidies,
tax breaks) and focusing on sectors like
Agri-tech,  Food  Processing, and
Manufacturing, leveraging its strong
educational base (IIM Raipur, IIT Bhilai)
and resources to become an innovation
hub.

Key Data & Trends

e Startup Growth: Over 1850 DPIIT-
recognized startups in Chhattisgarh
as of 2025, with 20 incubators.

e Focus Sectors: Strong presence in
food processing, agritech, health &
wellness, construction, and

manufacturing.

e Government Support: New Startup
Package (2024-30) provides seed
funds (up to %5 Lakhs), operation
funds (X3 Lakhs), rent subsidies,

stamp duty exemptions, and
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subsidies for patents and quality
certification.

e Ecosystem Strength: Home to
premier institutions (IIM Raipur,
1T Bhilai, NIT Raipur) and a
stable

economic foundation,

attracting innovation.

e Ease of Doing Business: Achieved
100% implementation in 10 key
reform areas, with best practices in

construction permits.

Key Initiatives & Policies
e Industrial Development
2024-30: A

package to boost startups with

Policy
comprehensive
non-financial

financial and

incentives.

e Startup India Alignment: Active

participation, offering incentives

for startups and incubators in
sectors like renewable energy and

rural impact.

e Tribal Entrepreneurship: Specific
focus on empowering SC/ST and
women entrepreneurs for socio-
economic development, as

highlighted in research.
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Supportive Measures:

e Favorable Business
Environment: Governments strive
to create a favorable business
that

This

regulations

environment encourages
includes

that

entrepreneurship.
policies and

simplify  business  registration,

reduce  bureaucratic  hurdles,

facilitate ease of doing business,

and promote investment and
growth.

e Incubation Centers and Start-up
Support: Educational institutions
are establishing incubation centers
and start-up support programs to

provide resources, mentorship, and

infrastructure to aspiring
entrepreneurs.
e Collaboration with Industry:

Higher education institutions are

forging partnerships and
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collaborations with the industry to
create opportunities for
entrepreneurial activities. They are
organizing hackathons,
entrepreneurship challenges, and
industry-academia interaction
programs to bridge the gap
between academia and the real-
world business environment.
Access to Funding and Investor
Networks: Universities are
increasingly facilitating access to
funding and investor networks for
student entrepreneurs. They are
connecting students with venture
capitalists, angel investors, and
crowd funding platforms to help
them secure the necessary financial
support to start and scale their
ventures.

Supportive Policy Environment:
Governments are implementing
policies and initiatives  to
encourage entrepreneurship in
higher education. They are offering

tax incentives, grants, and funding

innovation and research as a
foundation for entrepreneurship.
They are encouraging students and
faculty members to engage in
interdisciplinary research,
technology transfer, and
commercialization of intellectual
property.

Entrepreneurship  Networking
and  Community  Building:

Educational institutions are
actively organizing
entrepreneurship events,

conferences, and  networking
platforms to connect students,
alumni, entrepreneurs, and industry
experts.

Focus on Social
Entrepreneurship: There is a
growing  interest in  social
entrepreneurship  within  higher
education. Students are
increasingly leveraging their skills
and knowledge to address social
and environmental challenges

through entrepreneurial ventures.

schemes specifically targeted at Overall, the current scenario of the

student entrepreneurs entrepreneurship development

e Integration of Innovation and ecosystem in higher education is
Research: Higher  education characterized by a greater emphasis on

institutions ~ are  emphasizing entrepreneurship education,
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establishment of support infrastructure,
collaboration with industry, and the
creation of an enabling environment

for innovation and business creation.
Barriers:

India has made significant strides in
promoting entrepreneurship and
supporting startups. However, there are
still several barriers that need to be
addressed to foster a robust ecosystem of
entrepreneurship development. Some of
the key barriers include:

e Limited access to capital: Access
to adequate funding remains a
major challenge for entrepreneurs.
Despite  various  government
initiatives, the availability of
venture  capital and  angel
investment is relatively low,
making it difficult for startups to
secure the necessary funding for
growth and expansion.

e Lack of entrepreneurial culture:
Developing a vibrant
entrepreneurial culture is crucial
for fostering a thriving startup
ecosystem. We face challenges in
terms of promoting risk-taking,
innovation, and an entrepreneurial

mindset among its population.
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Limited infrastructure:  The
availability of physical
infrastructure, such as incubation
centers, co-working spaces, and
maker spaces, is vital for
supporting startups.

Skill gaps and limited technical
expertise: The success of startups
often depends on the availability of
skilled professionals. Bridging this
gap through vocational training,
skill development programs, and
industry-academia  collaborations
can contribute to the growth of the
entrepreneurial ecosystem.
Regulatory complexities:
Navigating through regulatory
frameworks and  bureaucratic
procedures can be a daunting task
for entrepreneurs. Simplifying the
regulatory environment, reducing
red tape, and creating a conducive
business environment with
streamlined processes can attract
more entrepreneurs and foster
business growth.

Limited networking and
collaboration opportunities:
Building a strong network and
fostering collaboration is essential

for entrepreneurs. Entrepreneurs
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can benefit from initiatives that

facilitate  networking  events,

industry-academia  partnerships,
and knowledge-sharing platforms
to connect entrepreneurs, investors,
and mentors.

e Market access and scalability:
Expanding beyond the local market
can be challenging for startups in
the country. Access to national and
international markets, as well as
support for scalability, is crucial
for sustained growth. Providing
market linkages, export promotion
assistance, and facilitating

connections with larger enterprises

can help startups in overcome these

barriers.

Conclusion:

In  conclusion, the journey s to
entrepreneurship development in higher
education is a complex one that demands a
comprehensive and  multi-dimensional
approach. By integrating entrepreneurship
into the curriculum, institutions can ensure
that students receive the necessary
knowledge and skills to thrive as
entrepreneurs. Furthermore, establishing a
supportive infrastructure that offers access

to funding, networking opportunities, and
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mentorship can provide invaluable support
to aspiring entrepreneurs.

In a world that demands innovation and
entrepreneurial thinking, higher education
has a vital role to play in preparing
students to become the entrepreneurs of
tomorrow. By embracing these strategies,
institutions can create an ecosystem that
fosters the spirit of entrepreneurship,
empowers students, and propels them
towards success in the dynamic business
world.

In conclusion, the implementation of these
strategies in higher education institutions
can create a thriving ecosystem that
nurtures and supports the entrepreneurial
aspirations of students. By providing a
conducive environment for innovation,
creativity, and problem-solving, and
offering the necessary resources, guidance,
and connections, institutions can equip
aspiring entrepreneurs with the tools they
need to succeed. By continuously
evaluating and improving entrepreneurship
programs, higher education institutions can
adapt to the changing needs of students

and the entrepreneurial landscape.
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Abstract

Tribal communities in Chhattisgarh, India, remain among the most digitally excluded populations
worldwide, with reliable electricity grids absent across most scheduled tribe habitations. This paper
proposes a solar photovoltaic (PV) and battery storage-based green cellular base station (BS) framework,
designated GCCF-TA (Green Cellular Connectivity Framework for Tribal Areas), specifically designed
for off-grid tribal habitations in the region. A HOMER Pro simulation methodology is adopted to
perform techno-economic optimization, evaluating net present cost (NPC), levelized cost of energy
(LCOE), and system reliability under local solar irradiance conditions of 5.2-5.8 kWh/m2/day. A
structured research gap analysis across 25 selected studies from a 55-paper reference corpus confirms
that no prior work simultaneously addresses solar BS design, tribal digital inclusion, and community-
owned energy governance in the Chhattisgarh context. The proposed architecture eliminates diesel
generator dependency, projects NPC reductions of 40-48% relative to diesel-only baselines and aligns
with India's National Digital Communications Policy (NDCP) 2018 objectives for universal broadband
access [18]. System reliability exceeding 99% is projected based on analogous validated deployments [2],
[21]. As this study presents a conceptual framework, future empirical validation through field
deployment and longitudinal energy auditing is required. The findings establish a reproducible design

template applicable to analogous tribal and remote habitations across South and Southeast Asia.

Keywords: Green cellular base station; solar photovoltaic; HOMER Pro; tribal connectivity; off-grid

telecommunications; Chhattisgarh; digital divide; techno-economic analysis.
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Introduction

Universal mobile broadband access remains
an unresolved issue in developing countries,
particularly among remote and tribal
populations who live outside the reach of
reliable power grids. In India, approximately
705 officially recognized tribal communities
account for about 8.6% of the total
population [18]. Chhattisgarh, with a 32%
tribal population spread across heavily
forested and topographically difficult terrain,
is an excellent example of systemic
exclusion. Cellular base stations in such areas
are typically powered by diesel generators,
which are economically unsustainable,
logistically inconvenient, and

environmentally hazardous [13], [36].

The energy-connectivity nexus in tribal India
has been extensively documented. According
to Prasad (2021), the lack of reliable
telecommunications infrastructure has a
significant impact on indigenous
communities'  health, education, and
economic inclusion [29]. Banerjee et al.
(2022) show that digital divides have
disproportionately affected young tribal
populations through educational disruption
[8]. According to Prasad et al. (2025), tribal

women in rural India are still digitally
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disempowered due to a lack of internet

infrastructure [30].

On the supply side, renewable energy
technology has advanced to the point where
installing solar PV-powered cellular base
stations is both technically and economically
viable. Chamola and Sikdar (2016) present a
comprehensive, up-to-date overview of solar-
powered BS design, demonstrating that the
diesel-to-solar transition is technically
feasible in most remote deployment scenarios
[13]. Kusakana and Vermaak (2013) and
Alsharif et al. (2021) independently validated
the long-term economic benefits of hybrid
and fully renewable BS configurations
compared to diesel-only baselines [22], [2].
The GSMA (2012) confirms that renewable
energy solutions for off-grid BS in
developing markets have matured enough for

widespread implementation [19].

Despite the convergence of need and
technical readiness, no published study has
examined all three: (a) solar PV-powered BS
optimization, (b) tribal digital inclusion in
Chhattisgarh, and (c) community-owned
energy governance. This gap serves as the

research motivation for the current study.
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1.1 Primary Contributions

The main contributions of this paper are the

following:

1. A framework for sizing solar PV and
battery storage using the energy
demand profile of a 4G LTE macro
base station in the Chhattisgarh tribal
belt.

2. A HOMER Pro-based techno-
economic  optimization approach
based on validated Indian solar

irradiance data.

3. A community-owned energy
management model that employs
feed-in tariff mechanisms consistent
with the NDCP 2018 [18].

4. Conduct a structured research gap
analysis to identify the five
unresolved dimensions in the existing

literature.
2. Literature Review

2.1 Solar-Powered Cellular Base Stations:
Foundations

Chamola and Sikdar [11], [12], [13] created
the foundational technical framework for
solar-powered BS deployment, contributing

to design overview, resource provisioning
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and dimensioning, and outage estimation.
Chamola and Sikdar (2014) create an
optimization model for battery capacity and
PV panel sizing that reduces outage
probability under stochastic solar irradiance
[11]. Chamola and Sikdar (2015) show that
outage estimation under solar variability is
possible with probabilistic models calibrated

to local irradiance data [12].

Alsharif and Kim (2016) build on this
foundation by presenting a case study of
optimal solar system sizing for remote
telecom BS in South Korea using site-
specific radiation data [1]. Their method of
systematic  solar resource  assessment,
followed by HOMER simulation, produces a
design template that is directly applicable to
the Chhattisgarh context. Alsharif et al.
(2021) then conduct a long-term techno-
economic analysis of zero-grid BS
configurations, with NPC and LCOE serving
as the primary economic evaluation metrics
[2]. Jahid et al. (2020) compare multiple
green power supply configurations and show
that solar PV with battery storage
consistently  outperforms  diesel-hybrid
configurations in high-irradiance regions
[21].
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2.2 HOMER-Based Optimization Studies

Lambert, Gilman, and Lilienthal (2006) [23]
describe the fundamental capabilities of
HOMER simulation, which serve as the
study's methodological core. EI-Sayed,
Saber, and Sallam (2023) are the most
methodologically like previous work,
employing HOMER with real LTE network
load profiles and measured solar radiation
data from Egypt to determine the best hybrid
power configurations [16]. Sen and
Bhattacharyya  (2014) use HOMER
specifically for off-grid electricity generation
in India, demonstrating that the software
produces consistent optimization outputs
under Indian solar irradiance conditions [34].
Olatomiwa et al. (2016) conduct a validated
review of energy management strategies in
hybrid renewable energy systems and
presented methodological benchmarks for
HOMER-based dispatch optimization [37].

Rahman et al. (2025) represent the current
state of the art by combining HOMER Pro
optimization  with  MATLAB/Simulink
validation for rural hybrid energy systems in
Bangladesh, resulting in the most rigorous
methodology in the field [32]. Babatunde,
Ayodele, and Paul (2019) use the techno-

economic assessment framework to assess
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PV-diesel battery BTS systems in Nigeria,
producing a validated developing-country
model [7].

2.3 Hybrid and Off-Grid Energy System
Design

Kusakana and Vermaak (2013) conduct the
most directly applicable study in terms of
subject scope, analyzing hybrid renewable
power systems specifically for mobile
telephony business in developing countries
and demonstrating consistent economic
benefits over diesel-only configurations [22].
Alsharif, Kim, and Kim (2021) apply this to
4G/5G off-grid BS scenarios in Kuwalit,
demonstrating that hybrid PV systems can
meet real-world energy demands even under

variable renewable resource conditions [5].

Mannah et al. (2018) investigate the
optimization of hybrid power systems for
remote BS in developing countries [27].
Renga and Meo (2019) present a rigorous
mathematical dimensioning framework for
renewable energy systems that power mobile
networks, considering traffic variations and
solar irradiance
Chiaraviglio et al. (2019) wuse the

optimization problem to create a low-cost

covariability  [35].

rural cellular network that includes solar

panels, batteries, and optical backhaul [14].
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Youssef, Monteil, and Pourraze (2019)
discuss PV/battery sizing for 4G LTE macro
cell sites, which is directly relevant to the
methodology used in this study [39].

2.4 India-Specific and Tribal Connectivity
Context

Singh (2012) contributes to the Indian green
telecom context by documenting the extent of
diesel dependence among Indian cellular
operators and quantifying the resulting
carbon footprint [38]. The NDCP 2018
mandates universal rural broadband through
BharatNet Phase Il and establishes a
regulatory framework for community-owned
solar BS [18]. Dixit and Prasad (2021)
conduct a comprehensive survey of rural
internet connectivity in India, identifying
infrastructure gaps and policy deficiencies
[15]. Prasad (2021) and Banerjee et al. (2022)
discuss tribal connectivity barriers and make
a socioeconomic case for targeted
infrastructure investment in scheduled tribe
settlements [29], [8]. Bhattacharyya (2012)
provides a more comprehensive,
decentralized off-grid electrification

framework for tribal rural areas [9].
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2.5 Environmental and Social Impact
Dimensions

Malmodin and Lundén (2018) calculated the
global ICT sector's energy and carbon
footprint from 2010 to 2015, establishing an
environmental baseline to support the green
telecom transition [26]. Fehske et al. (2011)
investigate the environmental and economic
impact of mobile communications, offering
context for CO: reduction [17]. Hassan,
Nuaymi, and Pelov (2015) provide a
comprehensive survey of renewable energy
integration in cellular networks, establishing
a taxonomic framework for the current
research [20].

Hasan et al. (2017) study community-owned
cellular network models in remote areas,
demonstrating  that  locally  governed
networks are both technically and socially
viable, which is a key principle in the
community energy governance model
proposed here [10]. Maitland (2018) offers a
social science perspective on digital
connectivity in marginalized communities,
emphasizing the value of community-

centered infrastructure solutions [24].
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TABLE I: Research Gap Analysis Based
on Literature Review

Ga Gap
p Descripti
ID on

Gl = Nostudy
addresses

solar BS

design
specificall
y for

Chhattisg

arh tribal
habitation

S

G2  Communi
ty-owned
energy
governanc
e models
are absent
from
existing
BS
literature

G3 Feed-in
tariff
mechanis
ms for
tribal
solar BS
are
unexplore
din
published
research

G4 Social

impact
assessmen

t
integrated
with

techno-
economic
models is

lacking

Supporti

ng
Evidence

Chamola
& Sikdar
[13];
Singh
[36]

Hasan et
al. [10];
Bhattach
aryya [9]

NDCP
2018
[18];

Wang et

al. [38]

Pueyo &
Maestre
[31];
Maitland
[24]
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G5 HOMER Sen & High
validation = Bhattach
against aryya
real tribal = [34]; El-
load Sayed et
profilesin al. [16]
India is
absent

3. Research Methodology
3.1 Overall Research Design

A mixed quantitative and conceptual
methodology is wused, which includes:
The study includes a literature review and
gap analysis, a HOMER Pro-based techno-
economic simulation with publicly available
Chhattisgarh solar irradiance data from
NASA's Surface Meteorology and Solar
Energy  database, component  sizing
optimization, and community governance
model design. Lambert et al. [23] described
the  HOMER Pro framework, which
optimizes by evaluating all possible system
configurations and  determining  the
combination that minimizes NPC while

meeting reliability constraints.
3.2 Load Profile Estimation

Auer et al. [6] describes the energy demand
profile of a typical 4G LTE macro-based
station, providing baselines for wireless
network configurations. A typical macro-BS

in India consumes approximately 3-5 kW
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continuously, which includes radio unit
power, baseband processing, cooling, and
rectification losses [13]. The tribal context
employs a conservative continuous load of
3.5 kW, with 10% traffic-dependent variation
to account for low-density rural traffic
patterns. The daily energy consumption is
thus estimated to be 84 kwh/day, consistent
with the values reported by Jahid et al. [21]

for similar configurations.
3.3 Solar Resource Assessment

The annual average global horizontal
irradiance (GHI) in Chhattisgarh is 5.2-5.8
kwWh/m#/day, making it one of India's most
irradiated areas. This value is comparable to
the South Korean deployment context of
Alsharif and Kim [1], but significantly higher
than the Egyptian deployment conditions of
El-Sayed et al. [16], implying that solar-only
configurations are technically feasible during
peak seasons. The monthly irradiance
variation serves as a HOMER time-series
input throughout the 8,760-hour annual

simulation period.

3.4 System Component Sizing

Renga and Meo's mathematical dimensioning
framework [33] form the basis for PV panel
sizing, while Chamola and Sikdar's battery
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dimensioning methodology [11] supplements
it. The necessary battery capacity for a two-
day autonomous off-grid system is:

E bat = (E daily x T aut) /
(DoD x n_inv) . (1)

Using E_daily = 84 kwWh/day, T_aut = 2 days
(autonomy), DoD = 0.8 (depth of discharge),
and n_inv = 0.95 (inverter efficiency), E bat
is around 221 kWh. The PV array size is:

P PV = E daily / (H peak x

n_sys) - (2)
With H_peak = 5.5 peak sun hours
(Chhattisgarh average) and m_sys = 0.85
(system losses), P_PV is around 18 kW
nominal. These preliminary estimates are fed
into HOMER's optimisation search space,
where configurations are tested over a
discretized range of PV capacities (10-40
kW) and battery bank sizes (100-500 kwh).

3.5 Techno-Economic Evaluation Metrics
The main evaluation metrics are listed below.

(i) Net Present Cost (NPC): Total
lifecycle cost discounted to
present value over 25 years at a
10% discount rate, in line with
Alsharif et al. [2].
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(i) Levelised Cost of
(LCOE): The cost per kWh
delivered over the lifetime of the

Energy

system, as used in cross-study
benchmarking by Jahid et al. [21].

(iii)  Renewable Fraction (RF): The
percentage of annual energy
supply from solar PV; target RF >

0.95.

(iv)  Unmet Load Fraction (ULF): The
reliability metric requires a ULF
of less than 0.01 (99% reliability
threshold).

4. Proposed Framework (GCCF-TA)
4.1 Framework Architecture Overview

The proposed Green Cellular Connectivity
Framework for Tribal Areas (GCCF-TA)
consists of four integrated layers: (1) Energy
Generation, (2) Energy Storage and
Management, (3) Telecommunications
Infrastructure, and (4) Community
Governance. Layered architecture promotes
both technological modularity and social
sustainability. Figure 1 depicts the overall

framework architecture.
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Layer 4: Governance and Sustainability

Community Energy Policy Interface
Committee Reverue Model (NDCP 2018)

Layer 3: Telecommunications Infrastructure

4G LTE Macro BS VSAT Backhaul Traffic Management

Layer 2: Energy Storage and Management

Battery Bank EMS Charge Controller

Layer 1: Renewable Energy Generation

Solar PV Array Imadiance Sensor MPPT

Figure 1: GCCF-TA Four Layer System

Architecture

4.2 Energy Generation Layer

The Energy Generation Layer is made up of
roof-mounted or ground-mounted
monocrystalline silicon PV panels chosen for
their excellent efficiency under the high-
observed in

irradiance conditions

Chhattisgarh [1]. Maximum Power Point

Tracking (MPPT) charge controllers
optimize power extraction under shifting
irradiance circumstances. HOMER

optimisation results in a nominal PV array
capacity of 18-25 kW, which is compatible
with Maleki and Pouresmaeil's

configurations for South African

deployments with similar irradiation values

sjeuBig |03UO0D & / Mmoj4 ABiauzg >
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[25].

generation subsystem schematic.

Figure 2 illustrates the energy

Battery Bank

A

|
S
i

5\\\\\
I
NN
R

Charging

2 V71 T v
mm ) '
A Vi1 MPPT Ll DCBus (48V/96V) Inverter
fl/: f Charge
// " Controller
N Vil YV |
///{_ / /7 7 o

PV Array (18-25 kW)

Figure 2: Solar PV Energy Generation Sub-
System Schematic

4.3 Energy Storage and Management
Layer

The requisite 221 kWh of autonomy storage
is provided by valve-regulated lead-acid
(VRLA) or lithium-ion battery banks sized
following the Chamola and Sikdar approach
[11]. An Energy Management System (EMS)
employs priority-based dispatch, with PV
generation first meeting the BS load, surplus
charging the battery bank, and stored energy
dispatched during low-irradiance periods.
This dispatch approach,
Alsharif et al. [4] and Rahman et al. [32],
reduces battery cycle depth while increasing
battery life. Olatomiwa et al. (2016) study

confirmed by

comparative energy management strategies
in hybrid renewable systems, providing
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further benchmarking data for EMS design
[37]. Figure 3 shows the EMS dispatch logic.

PV Output 2 BS Load?

Serve BS Load
from PV

Battery SoC > 20%?

NO

Serve from Optional Diesel
Battery + PV Backup

Charge Battery Bank

I

Monitor & Log
(EMS Database)

Figure 3: EMS Priority Based Dispatch Logic

Flowchat

4.4 Telecommunications Infrastructure

Layer

According to Oh et al [28], the
layer consists of a
standard 4G LTE macro-BS designed for

rural deployment, with an energy-efficient

telecommunications

sleep mode that operates during low-traffic
periods. Auer et al. [6] developed baselines
for the energy consumption of BS equipment.
Backhaul connectivity begins with VSAT for
habitations  before

the most remote

converting to optical fiber as part of
BharatNet Phase |11 expansion, as envisioned

in the NDCP 2018 [18].
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4.5 Community Governance Layer

A community energy cooperative model is
provided, based on the community cellular
network governance concepts proposed by
Hasan et al. (2017) [10]. According to this
model, the solar BS energy system is owned
by a village-level energy committee, which
(a) manages system maintenance contracts,
(b) collects revenue from excess energy sold
back to the grid via a feed-in tariff
mechanism aligned with Wang et al. [38],
and (c)
telecommunications authorities under NDCP
2018. Bhattacharyya (2012) identified a

sustainability challenge for community-

interacts with district

owned off-grid systems in developing
nations, which this governance structure
addressed [9]
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Figure 4: HOMER Pro Optimization
Workflow
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Figure 5: Community Governance and

Revenue Flow Model
5. Results and discussions
5.1 Conceptual Evaluation

This study presents a conceptual framework,
additional empirical  validation using
HOMER Pro simulation with real-world data
and field application is required. A
conceptual performance evaluation is carried
out by comparing the proposed GCCF-TA to
previously validated installations from the
literature. Table Il provides a summary of
related studies and their significant

conclusions.

TABLE Il: Summary of Related Studies
and Key Findings

Ref. Locatio Met Key Relevance
n hod  Finding

[13] = Global = Ana @ Solar BS Irradiance
Iytic = feasible at threshold

al >4 met in
kWh/m2/d = Chhattisgarh
ay
irradiance

77


https://www.google.com/search?sa=X&sca_esv=43c455ccb544f936&rlz=1C1CHWL_enIN1014IN1014&biw=1536&bih=730&sxsrf=AE3TifMjm54xlCjQwKNF3kPPYP-D3I5JzQ:1764066656099&q=%22%22%C2%A9+2025%22%22+The+Progress+Journals+%7C+ISSN:+2584-0517+Published+by+Sri+Aurobindo+Yoga+%26+Knowledge+Foundation+All+Rights+Reserved.&ved=2ahUKEwjTmpazjI2RAxURVWwGHflEL78Q5t4CegQIGxAB

theprogressjournals.com

Indexing: ABCD, Listed in ROAD — ISSN International Centre

TPJ-15780, (pp — 68 - 86)

DOI: 10.61463/tpj-vol-4-issue-1-117

(2]

[22]

[23]
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Cas

stud
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R+
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HO
ME

NPC
~40%
lower vs.
diesel-
only over
25 years

LCOE
$0.18—
0.28/kWh
for solar
BS

Hybrid
RE
outperfor
ms diesel
for
mobile
BS

~49%
operation

al cost
reduction
vs. diesel

Optimal
hybrid
LTE
configurat
ion
identified

HOMER
validated
for Indian
off grid
RE

NPC
benchmark
for proposed
framework

LCOE
comparative
baseline

Validates
hybrid
system

selection

Cost
reduction
estimate
corroboratio
n

Closest
methodologi
cal
precedent

India-
specific
HOMER
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Table Il compares GCCF-TA's predicted

techno-economic performance to a diesel-

only baseline using validated deployments.

TABLE Ill: Expected Techno-Economic
Performance of GCCF-TA vs. Diesel-Only
Baseline

Parameter

NPC (25-year,

usD)

Diesel-Only
Baseline

~$250,000

Proposed
GCCF-TA

~$130,000—

150,000 (40-48%
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LCOE $0.45-0.65 $0.18-0.28
(USD/kwh) (~55% reduction)
CO: Emissions 28-35 <2 (>93%
(tonnes/year) reduction)
Renewable 0% >95%
Fraction
Fuel Cost $18,000— $0-2,000 (>90%
(USD/year) 25,000 reduction)
Operational 85-90% >99% (with
Reliability battery bank)

Note: The estimations are based on accurate data from [2],
[21], [25], and [22]. Before giving accurate figures,
empirical validation must be carried out using a site-

measured HOMER Pro simulation.

5.2 Comparative Framework Analysis

Table IV presents a structured comparison of
off-grid BS power supply approaches. The
proposed GCCF-TA is the only solution that
combines full community control with solar

and storage integration.

TABLE IV: Comparison of Off-Grid BS

Power Supply Approaches
Approach Energy High Community
Source Irradiance? Governance
Diesel- Fossil fuel  Yes (costly) None
only
Solar PV Solar Yes Partial
only
PV + Solar + Yes Yes
Battery Storage
PV + Multi- Moderate Partial
Wind + source
Diesel
hybrid
GCCF-TA Solar + Yes Full
(proposed) = Storage + community
Governance model

Reference
(36]
(13]
(33]

[22]

This work
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5.3 Digital Inclusion Impact Assessment

Aside from its technological and economic
components, the proposed framework has
considerable social benefits. Prasad (2021),
Banerjee et al. (2022), and Prasad et al.
(2025)

consequences of digital exclusion on tribal

investigated  the  cascading
health, education, and economic involvement
[29], [8], and [30]. According to Maitland
(2018), infrastructure efforts in excluded
communities

require participatory

governance to achieve long-term
acceptability [24]. This requirement is
GCCF-TA

community governance layer through the

instantly handled by the

village-level energy committee structure.
Table V depicts the expected socioeconomic

impact of deployment.

TABLE V: Expected Socio-Economic
Impact of GCCF-TA Deployment

Impact Current Post- Evidence
Dimension State Deployment Base
(Expected)
Mobile <15% tribal >60% within Dixit &

Internet coverage coverage zone Prasad
Access [15]
Educational Severely Substantially Banerjee
Continuity disrupted restored etal. [8]
Women's Minimal Significantly = Prasad et
Digital improved al. [30]

Access
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Community Nil INR 50,000~ = Wang et
Energy 150,000/year al. [38]
Revenue (feed-in)
Diesel 28-35t <2 t COz/year = Malmodin
Carbon COz/year per per BS & Lundén
Footprint BS [26]
Operator UsD USD 2,000- Jahid et
OpEXx 18,000- 5,000/year al. [21]
25,000/year

Note: Socioeconomic predictions are conceptual
estimations based on comparable deployments. Validating
longitudinal fields is important.

5.4 Limitations and Future Work

The paper identifies four important
shortcomings. First, the lack of actual load
data from Chhattisgarh tribal BS locations
raises estimation uncertainty in load
profiling; this constraint is shared by
Babatunde et al. [7] and somewhat addressed
by El-Sayed et al. [16], the approaches of
which this framework seeks to emulate.
Second, Alsharif et al. [4] discovered a gap in
the modeling of battery degradation at
tropical temperatures. Third, the community
governance model is proposed conceptually;
however, its implementation necessitates a
pilot program evaluation. Fourth, the
BharatNet Phase |11 integration timescales set
by NDCP 2018 [18] add policy uncertainty to
the hybrid grid-tied off-grid

configuration option.

VErsus

Future initiatives will include: (a) Installing

Internet of Things-based energy monitors at
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five tribal BS sites in Chhattisgarh to measure
real-time load profiles, (b) Calibrating the
HOMER Pro simulation using measured
data, (c) Establishing a pilot community
cooperative  partnership ~ with  district
administrations, and (d) Conducting a
lifetime assessment, including battery
recycling impacts, in accordance with
Rahman et al. [32].

6. Conclusion

This study discusses the Green Cellular
Connectivity Framework for Tribal Areas
(GCCF-TA), a solar PV and battery storage-
based BS infrastructure built for off-grid
tribal communities in Chhattisgarh, India. A
structured review of 25 selected publications
from a 55-paper reference corpus, which
went through rigorous quality control and
removed three  non-Scopus/predatory-
publisher references, as well as one with
insufficient information, indicated five
research gaps. The most major gap is the lack
of previous research in Chhattisgarh on solar
BS design, tribal digital integration, and

community-owned energy governance.

The suggested four-layer system corrects
these shortcomings by including PV scaling,
EMS-controlled battery dispatch, 4G LTE
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infrastructure, and a community energy

cooperative governance framework.
Benchmarking with existing installations [2],
[21], [22], [16] reveals a 40-48% decrease in
NPC, 55% reduction in LCOE, and over 93%
reduction in CO: emissions compared to
diesel-only systems. System dependability
exceeds 99%. The community governance
model, which is consistent with the NDCP
2018 regulations [18] and Hasan et al.'s ideas
[10], incorporates a feed-in tariff method that
provides cash for tribal communities,
providing a sustainability component that is

missing from current solar BS research.

Given that this study presents a conceptual
framework, empirical validation via site-
specific HOMER Pro modeling based on
measured tribal load patterns and pilot field
deployment is an important next step. The
GCCF-TA design template is scalable and
adaptable to similar tribal and rural
populations in India, as well as other South
and Southeast Asian contexts, helping to
achieve the overarching objective of
equitable  digital  inclusion  through

sustainable infrastructure design.
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Abstract

In the past decade, the fields of education and design have increasingly acknowledged the
significance of integrating spiritual and ethical principles into instructional frameworks.
Historically, design education has emphasized technical proficiency and creativity, often neglecting
the social, environmental, and ethical ramifications of design. This article examines the need to
incorporate spiritual and ethical ideals into design education to cultivate holistic, responsible, and
conscientious designers capable of addressing the intricacies of modern concerns. The primary
objective of this research is to evaluate how infusing spiritual and ethical values into design
education can cultivate a more profound sense of purpose and responsibility among students. By
grounding design practice in these values, this research aims to assess their potential to enhance
critical thinking, empathy, and the ability to create sustainable solutions that positively impact
society. This study employed a mixed-methods approach that combined qualitative and quantitative
research methods. A comprehensive literature review was conducted to identify existing
frameworks and pedagogical practices that embrace the ethical and spiritual dimensions. In
addition, case studies from universities that have successfully implemented such practices were
analyzed. Surveys and interviews with educators and students were used to gather insights into
their experiences and perceptions of incorporating these values into their curriculum. This study
underscores the need to reform design education by incorporating spiritual and ethical principles
into the curriculum. This methodology seeks to cultivate ethical and empathetic designers equipped
to tackle global issues. This research advocates for educational institutions to embrace this
paradigm shift in design pedagogy, highlighting the interrelation of creativity, ethics, and

spirituality for a sustainable and fair future.
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mindsets.

Introduction

A major problem for modern education
systems is the gap between technical
knowledge and moral growth. Current
curriculum often emphasize academic
success at the expense of spiritual and
ethical considerations (Rohova, 2024).
Schools focus on quantifiable learning
objectives and standardized performance
indicators, which unintentionally creates a
gap between knowledge and information
that doesn't help people become wise or
make deliberate choices. This lack has led
to a lot of students feeling spiritually
disconnected and not being ready for
morally difficult jobs. This has led to
things like bullying and moral concessions
at work (Rohova, 2024). When teachers
don't know how to teach the spiritual side
of learning, they can't be moral authorities
or show how to think ethically. This leads
to cycles of shallow value transmission
that create professionals who are
technically skilled but spiritually lost.

Recent educational frameworks
acknowledge this systemic weakness and
are promoting revolutionary solutions.
India's National Education Policy 2020
and new ethical curriculum models say
that for learning to really change people,
values-based education must be combined
with modern teaching methods (Abuzar et
al., 2025). This change in thinking shows
that more and more people are realizing
that ethical values like justice,
beneficence, and accountability should
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guide curriculum design in all fields of
study. The current educational discourse
progressively underscores that information
must be integrated with wisdom, virtue,
and spiritual awareness to cultivate
persons equipped to tackle intricate social
issues (Baral & Giri, 2025). This
integration transcends theoretical
frameworks; it necessitates a
reconfiguration of how educators promote
learning through methodologies that
cultivate the inner self, augment self-
awareness, and encourage spiritually
balanced decision-making that mitigates
impulsive behavior and nurtures social
responsibility.

Design areas such as architecture,
engineering, fashion, and product design
are well positioned to facilitate this
transformation, since design directly
influences human emotions and societal
functionality. Design education inevitably
engages with ethical concerns about the
influence of human objects on behavior,
sustainability, and social equality,
distinguishing it from purely theoretical
sciences.

When design education includes spiritual
and ethical principles based on holistic
epistemologies, it creates not only skilled
professionals who follow technical
guidelines but also people who are aware
of how to make positive changes and have
critical thinking skills and a focus on the
community (Zain, 2025). This integration
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requires the creation of methodologies,
such as project-based learning, systems
thinking, and ethical reflection, that align
design practices with social,
environmental, and economic
considerations, thus establishing design
education as a driver for addressing global
issues (Contreras, 2025). Schools may
teach professionals to be guardians of
people’s well-being instead of merely
technical service providers by including
regenerative responsibility and spiritual
awareness in design education.

Education has traditionally been regarded
as the most effective tool for value
transmission. However, the current system
often  emphasizes  cognitive  and
competitive skills while neglecting the
ethical, emotional, and spiritual
dimensions of human development (Nair,
2010). This gap has contributed
significantly to the widening moral
vacuum among the youth. John F.
Kennedy once remarked, “The Chinese
use two brush strokes to write the word
‘crisis.’One brush stroke stands for danger;
the other for opportunity. In a crisis, be
aware of the danger—but recognize the
opportunity.” This perspective is highly
relevant to the current situation. The value
crisis, though alarming, presents a unique
opportunity for educators and
policymakers to redefine educational
priorities, fostering a renewed focus on
character education and value-based
learning

In today's world of school and work, there
is a growing need for new ideas, creativity,
and moral responsibility. As design
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disciplines progress, there is an increasing
acknowledgment of the need to include
spiritual and ethical principles into
educational  systems. This research
examines the evolution of educational
methodologies and professional attitudes
to promote innovation via the integration
of these ideals. This study seeks to provide
a thorough comprehension of the
integration of spiritual and ethical
principles in design education to foster
creative thinking, via the analysis of
current literature,  approaches, and
prospective consequences.

Review Literature

Paniagua, etal (2018). Teachers as
designers of learning environments.
Pedagogy is essential in teaching and
learning, focusing on guiding young
people to become lifelong learners
equipped with in-depth knowledge and
social skills. This perspective transforms
teachers into experts who innovate through
problem-solving  rather  than  mere
technicians  following a curriculum.
"Teachers as Designers of Learning
Environments:  The  Importance  of
Innovative Pedagogies” showcases
innovative pedagogies from around the
world,  encouraging  educators and
policymakers to draw inspiration from
ongoing classroom practices. Central to
these approaches is an awareness of
learners' natural tendencies towards play,
creativity, collaboration, and inquiry,
illustrated by examples from 27 national
and international school networks.
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Jefferies, P., Carsten-Stahl, B., &
McRobb, S. (2007). Exploring the
relationships between pedagogy, ethics
and technology: building a framework for
strategy development. Technology,
Pedagogy and Education. The paper
examines the interplay between pedagogy,
ethics, and technology in developing e-
learning strategies, highlighting the need
for research-driven integration of these
elements. It proposes a framework to
clearly define the relationships among
these constructs, aiming to illuminate their
mutual dependencies and mitigate ethical
risks in e-teaching and e-learning.

Holland, C., Mulcahy, C., Besong,
F.and Judge, M. (2012) Ethical-values
pedagogical model. Journal of Teacher
Education for Sustainability This paper
introduces the Ethical-values Pedagogical
Model, developed during the design of an
online Masters programme with support
from the Erasmus multilateral programme.
The authors, experienced in online
learning and values-based education,
propose this model as a theoretical
resource focusing on the role of ethical-
values in learning. The model re-
conceptualizes Garrison, Anderson, and
Archer's ~ Community  of Inquiry
Framework, emphasizing that a positive
ethical-values presence is vital for
sustaining teaching, social, and cognitive
presences, which in turn enables
meaningful cognitive experiences. The
ethical-values bases of both learners and
educators  influence  the learning
environment's  cognitive  experiences,
highlighting the importance of fostering
authentic and transformative learning
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experiences  for individuals  and

communities.

Scholars and practitioners have been
interested in combining spiritual and moral
principles in education. Palmer (1998)
asserts that education should include not
just academic growth but also the holistic
development of the individual, including
their spiritual and ethical aspects.
Noddings (2002) agrees with this all-
encompassing approach. She stresses the
relevance of care ethics in schools and
calls for a curriculum that encourages
empathy and moral responsibility.

Also, a lot has been said about how
important  innovation is in  design
education. Cross (2011) contends that
creativity is not only a byproduct of
technical proficiency but is fundamentally
anchored in the values and beliefs of
humans. This viewpoint corresponds with
the idea that ethical concerns may
influence creative processes, resulting in
more significant and socially responsible
design products (Buchanan, 2001).

The educational transition towards
integrating spiritual and ethical values is
further endorsed by the notion of
transformational learning. Mezirow (1991)
asserts that transformational learning
occurs when people engage in critical
reflection on their ideas and assumptions,
resulting in a shift in perspective. This
method is vital for encouraging creativity,
since it pushes students to question the
current quo and explore new possibilities
in design.
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Key Objectives

1. To determine whether adding
spiritual and moral values to
people’'s lives helps them find
meaning and feel responsible.

2. To assess the influence of
incorporating  design  practice
within these principles on the
advancement of critical thinking,
empathy, and the formulation of
sustainable solutions.

3. To examine frameworks and ways
of teaching that use literature and
case studies to teach moral and
spiritual ideals.

4. To find out what instructors and
students think about adding more
disciplines to the curriculum via
surveys and interviews.

Hypotheses of the Study

e There will be no significance in the
contribution of spiritual and moral
values to individuals’ sense of
meaning and responsibility.

e There will be no significance in the
impact of integrating design practice
grounded in spiritual and moral values
on critical thinking, empathy, and the
development of sustainable solutions.

e There will be no significance in the
effectiveness of educational

frameworks and pedagogical

approaches that use literature and case
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studies to teach moral and spiritual
ideals.

e There will be no significance in the
perceptions of instructors and students
regarding the enrichment of the
curriculum through the addition of
interdisciplinary disciplines involving
spiritual and moral values. by

educators and students.

Methodology

This study adopts a case study research
design centered on transforming education
and professional mindsets to instill
spiritual and ethical values in design,
aiming to foster innovation in pedagogy.
Value-Sensitive  Design (VSD) and
Design for Values (Df) It employs a pre-
test/post-test control group framework to
evaluate the null hypotheses. Quantitative
methods  will analyze relationships
between relevant  variables,  while
qualitative data from educators and
professionals  will provide in-depth
contextual insights.  This integrated
approach ensures ethical rigor and
alignment with the study’s objectives.

Educational Implications of the Study

e Curriculum Reform: Institutions can

redesign ~ programs  to  embed
spiritual/ethical ~ values, enhancing
innovation  without  compromising

rigor.
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o Professional Development: Training
modules for educators to foster ethical

mindsets,  promoting  sustainable

pedagogical evolution.

e Policy Influence: Recommendations
for  national education  policies
prioritizing spiritual growth alongside
technical skills.

e Global Relevance: Model applicable
to diverse cultural contexts, bridging
ethics and design for holistic

education.

Discussion

The integration of spiritual and ethical
values in design education presents both
challenges and opportunities. While there
is a growing recognition of the importance
of these values, there is often resistance to
changing traditional pedagogical
approaches. Educators may  face
difficulties in balancing technical skills
with ethical considerations, particularly in
competitive environments where market
demands prioritize profitability over social
responsibility.

However, the potential benefits of this
integration are substantial. By fostering a
culture of ethical awareness and spiritual
growth, educational institutions can
cultivate a new generation of designers
who are not only skilled but also socially
conscious. This shift has the potential to
lead to innovative solutions that address
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pressing global challenges, such as
sustainability and social justice.

Conclusion

Transforming education and professional
mindsets to instill spiritual and ethical
values in design is essential for fostering
innovation in pedagogy. By embracing a
holistic approach that prioritizes ethical
considerations and spiritual  growth,
educational institutions can prepare
students to navigate the complexities of
the modern design landscape. The findings
of this research underscore the importance
of integrating these values into educational
frameworks, ultimately leading to more
responsible and  innovative  design
practices.
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Abstract

This paper investigates the transformative role of conscious practice in modern education,
emphasizing how awareness-based teaching and reflective learning strategies can drive significant
innovation. In today's rapidly evolving academic environment, it is crucial for educators and learners
to adopt methods that promote mindfulness, intentional action, and continuous improvement.
Conscious practice fosters deeper student engagement, enhances problem-solving abilities, and
supports the development of the creative and critical thinking skills essential for the 21st century.

The study examines how integrating reflective methodologies—such as self-assessment, experiential
learning, and collaborative inquiry—can improve pedagogical effectiveness and student outcomes.
It highlights innovative educational models where conscious practice leads to better adaptability,
enhanced digital literacy, and the cultivation of an innovation-friendly mindset. Using case examples
and research insights, the paper asserts that conscious practice not only enriches classroom
experiences but also prepares learners for complex, real-world challenges.

The findings suggest that when educators intentionally design learning environments grounded in
awareness, empathy, and reflection, the result is a more inclusive, dynamic, and innovative
educational ecosystem. This approach encourages lifelong learning and helps institutions navigate
the demands of global, technology-driven education systems.

Keywords:- Conscious Practice, Educational Innovation, Reflective Teaching, Mindfulness in
Education, 21st-Century Skills, Experiential Learning, Pedagogical Development, Student
Engagement.

Introduction as a remedy for persistent educational

challenges, including learner
Educational systems worldwide are under disengagement, rigid curricula, and unequal
constant pressure to innovate in response to access to quality learning opportunities.
accelerating social change, technological However, innovation in education is
advancement, and evolving learner frequently interpreted in narrow,
expectations. Innovation is often promoted instrumental terms—Ilimited to new
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technologies, pedagogical tools, or
assessment  frameworks. While such
interventions hold value, they often fail to
generate lasting impact when detached
from the deeper pedagogical intentions and
reflective capacities of educators.

In recent years, scholars have underscored
the importance of awareness, intentionality,
and  ethical responsibility  within
educational practice. Teaching is not
merely a technical act; it is an inherently
human and value-laden process shaped by
the consciousness, beliefs, and moral
orientation of the educator.

Conscious practice represents an approach
where teachers deliberately engage in self-
reflection, remain sensitive to learners'
diverse needs and contextual realities, and
align instructional choices with broader
educational and societal purposes. Despite
its relevance, conscious practice seldom
occupies a central position in discourses on
educational innovation.  Consequently,
many innovative initiatives  remain
superficial, transient, or misaligned with
classroom realities.

The existing literature on educational
innovation primarily emphasizes external
change, focusing on policy reforms, digital
infrastructure, and curriculum redesign.
Although a number of studies acknowledge
the role of teacher readiness, few explore
the internal mechanisms through which
educators interpret, adapt, and sustain
innovation. Research in areas such as
reflective practice, mindfulness, and value-
based pedagogy touches upon aspects of
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conscious educational engagement, but
these perspectives remain fragmented and
rarely integrated  within  dominant
innovation frameworks. This conceptual
fragmentation has resulted in a significant
gap: the neglect of teacher consciousness as
the guiding force behind sustained and
meaningful innovation.

The present study responds to this gap by
positioning conscious practice as a
foundational element of educational
innovation. It argues that innovation
becomes genuinely transformative when it
emerges from reflective awareness, ethical
commitment, and intentional pedagogical
decision-making. By investigating the
relationship between conscious practice
and innovative teaching approaches, this
study seeks to reframe innovation as a
human-centered, consciousness-driven
process rather than a purely technical or
structural reform.

Review of Related Literature

A review of national and international
literature  reveals that educational
innovation has largely been examined
through the lenses of technology
integration, curriculum reform, and skills-
based education. Several studies report that
innovative practices enhance student
engagement and learning outcomes when
they are aligned with pedagogical
objectives. However, research also
indicates that many innovation initiatives
fail to achieve sustained impact due to
limited teacher preparedness, lack of
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reflective engagement, and insufficient
consideration of contextual factors.

Elsayary, A. (2025). Enhancing Teachers’
Design Thinking Mindsets Through
Reflective Practice: Cultivating
Innovation In K-12 STEAM Education.
Eurasia Journal Of Mathematics, Science
And Technology Education. The study
investigates promoting innovation in
education by enhancing teachers' design
thinking (DT) mindsets through reflective
practice in a STEAM training program. It
involved a ten-week instructional session
with a hybrid learning approach for 55 in-
service K-12 teachers from charity schools
in the UAE. Using an explanatory mixed
method design, results revealed that
reflective practice significantly improved
DT mindsets, fostering empathy, creative
confidence, and uncertainty navigation.
Teachers reported increased confidence in
guiding open-ended problem-solving tasks
and adapting instructional strategies. The
research underscores reflective practice's
transformative  role in  developing
innovative teaching methods, enriching
education and nurturing creativity and
problem-solving in students.

Mata, S. (2023). Student-conscious
practice and pathways for student success.
Journal of Research Initiatives, This
paper shares evidence of how four
programs enhanced students’ pathways
from high school through bachelor's
degrees. Each program expanded students'
networks, fostered a sense of belonging,
and developed critical thinking skills. Ten
years after participation, we looked back to
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gain insights into key elements that
impacted students’ learning experience.
Data from student voices highlighted the
importance of inclusiveness in action,
institutional responsibility, and culturally
relevant pedagogy in student success and
program impact.

Sherwood, G. (2024). Reflective practice
and knowledge development. Nursing
Open Knowledge development in nursing
is crucial for evidence-informed practice,
yet it often prioritizes empirical knowledge
over personal, aesthetic, and ethical
understandings. These alternative forms of
knowing are vital for enhancing work
environments, patient satisfaction, and
nurse retention. Boyer's model of
scholarship emphasizes discovery,
teaching, application, and integration,
guiding nurses in their scholarly pursuits to
improve healthcare outcomes. This paper
explores how diverse scholarship methods
expand traditional empirical knowledge
while highlighting reflective practices that
contribute to holistic, person-centered care.
By fostering a growth mindset, nurses
continuously  seek  evidence-informed
practices, integrating various ways of
knowing to enhance the art and science of
nursing.

Sharma et,al (2024). The Role of
Reflective Practice in Teacher Education.
(2024). European Journal of Education
and Learning, Reflective practice is
essential in teacher education, promoting
professional development and teaching
effectiveness.  This review analyzes
existing literature on reflective practice's

96


https://www.google.com/search?sa=X&sca_esv=43c455ccb544f936&rlz=1C1CHWL_enIN1014IN1014&biw=1536&bih=730&sxsrf=AE3TifMjm54xlCjQwKNF3kPPYP-D3I5JzQ:1764066656099&q=%22%22%C2%A9+2025%22%22+The+Progress+Journals+%7C+ISSN:+2584-0517+Published+by+Sri+Aurobindo+Yoga+%26+Knowledge+Foundation+All+Rights+Reserved.&ved=2ahUKEwjTmpazjI2RAxURVWwGHflEL78Q5t4CegQIGxAB

theprogressjournals.com

Indexing: ABCD, Listed in ROAD — ISSN International Centre

TPJ-15782, (pp —94 - 102)
DOI: 10.61463/tpj-vol-4-issue-1-119

impact on teacher learning, instructional
methods, and student outcomes. It
discusses theoretical foundations from
scholars like Dewey, Schon, and Kolb,
showcasing its evolution into a widely
accepted pedagogical approach. Various
models, such as Gibbs’ Reflective Cycle
and Brookfield’s Critical Reflection,
illustrate its integration into teacher
training. Empirical evidence supports
reflective practice’'s role in enhancing
teacher effectiveness through activities like
journaling, peer observation, and action
research.  Challenges include time
constraints and resistance to change. The
review concludes with recommendations
for future research and practical strategies
to strengthen reflective practice in teacher
education, aiming to develop reflective
practitioners who can address the needs of
modern learners.

Joshi A et.al (2019). Reflective Practice of
Ecological Living in Educational Settings
practice of ecological living in educational
settings. Undergraduate Research Journal,
This project aimed to develop ‘green
teachers who understand  pressing
ecological challenges. Through sustained
reflective  practices,  student-teachers
created innovative activities addressing
children's ecological needs in a rapidly
changing world. The research emphasized
moving beyond slogans, focusing on
personal transformation via ‘practicing’
ecological living. Twelve workshops
facilitated the discovery of personal
philosophical, psychological, and
sociological perspectives to enhance
ecological thinking. Student-teachers then
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implemented their learning to improve their
college  environment and teaching
practices. Key outcomes highlighted the
necessity of ‘conscious practice’ with
achievable goals and the integration of
‘ecological living’ into the curriculum,
fostering a community of engaged learners.

Innovative educational methods, such as
integrating virtual reality (VR) and
augmented reality (AR), have shown
potential in advancing conscious practice
by making learning more immersive and
responsive to contemporary needs. VR
technology, for example, has been applied
to real estate education, demonstrating a
transformative effect on students’ sense of
place and value, and improving learning
efficiency via innovative teaching models
(Hou & Wu, 2020). Similarly, AR is
emerging as a powerful tool in STEM
education by providing practical and
interactive learning experiences, though
challenges remain in optimizing such
technologies for blended, personalized, and
remote learning environments (Igbal et al.,
2022).

Creative pedagogies activated through
mobile and digital devices also foster
conscious and innovative educational
practices by encouraging collaborative and
participatory  learning. Frameworks
developed around the Bring Your Own
Device (BYOD) movement emphasize
modeling collaborative practice, co-
designing curricula, and infrastructure
development to support creativity and
innovation in education (Cochrane et al.,
2014). Furthermore, higher education
instructors’ integration of technology is
influenced by factors such as technological
knowledge, self-efficacy, and challenges
like techno stress, impacting the
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sustainability of innovation in teaching
practice (Al-Adwan et al., 2024).

Objectives of the Study

1. To explore the concept of conscious
practice in the context of education.

2. To examine the relationship between
conscious practice and educational
innovation.

3. To analyze how educators’ reflective
awareness influences innovative teaching
practices.

4. To identify ways in which conscious
practice can  support sustainable
innovation in education.

Hypothesis of the Study

Hoi: There is no significant relationship
between  conscious  practice  and
educational innovation.

Hoz: Conscious practice does not have a
significant influence on educators’
innovative teaching practices.

Hos: Educators’ reflective awareness does
not significantly influence innovation in
teaching—learning processes.

Hos:  Conscious practice does not
significantly support the sustainability of
educational innovation.

Integrated theoretical framework

The present study is anchored in an
integrated theoretical framework that draws
upon Transformative Learning Theory,
Reflective Practice Theory, and Humanistic

theprogressjournals.com
"© 2025" TPJ. All Rights Reserve

2026 TPJ| VOLUME 4, ISSUE 1
January - March | ISSN — 2584 - 0517

Education Theory to explain the
relationship between conscious practice
and educational innovation. Taken
together, these perspectives emphasize
awareness, reflection, and human-centered
learning as essential elements of
meaningful and sustainable educational
change.

Transformative Learning Theory

Transformative Learning Theory, advanced
by Mezirow, highlights critical reflection as
the foundation of deep learning and
perspective change. Learning becomes
transformative when individuals critically
examine taken-for-granted assumptions
and reconstruct their understanding through
reflective engagement and dialogue. Within
the context of this study, educational
innovation is viewed as a process that
emerges when educators consciously
reflect on their beliefs, teaching practices,
and classroom realities, enabling them to
move beyond routine practices and adopt
more inclusive, flexible, and innovative
approaches to teaching and learning.

Reflective Practice Theory

Reflective Practice Theory, particularly the
work of Schon, further strengthens this
framework by emphasizing reflection
during and after professional action.
Teaching is understood not as a fixed
routine but as a dynamic activity shaped by
ongoing decision-making, uncertainty, and
contextual awareness. Conscious practice
aligns closely with this perspective, as it
requires educators to remain attentive to
their  instructional  choices, learner
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responses, and ethical responsibilities in
real time. From this standpoint, innovation
is not simply the introduction of new
strategies or technologies but a thoughtful
re-working of practice informed by
experience, reflection inaction, and
reflection on action.

Humanistic Education Theory

Humanistic Education Theory contributes
an additional dimension by foregrounding
learner centered education, self-awareness,
and holistic development. Rooted in the
work of Maslow and Rogers, this
perspective positions education as a process
of nurturing creativity, empathy, intrinsic
motivation, and self actualization rather
than merely achieving performance
metrics. Conscious practice, grounded in
humanistic values, supports innovation by
encouraging educators to design learning
experiences that respect individual
differences, build caring relationships, and
promote meaningful engagement rather
than mechanical compliance.

Synthesis for conscious practice

By integrating these  theoretical
perspectives, the study conceptualizes
conscious practice as a foundational
orientation  that shapes innovative
educational practices. This framework
guides the interpretation of data by linking
educators’ internal awareness and reflective
processes with their external engagement in
innovation, thereby framing educational
change as simultaneously transformative,
reflective, and deeply human centered.
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This methodology is already clear and
appropriate for a PhD level study on
conscious  practice and  educational
innovation, especially with its mixed
methods and pragmatic orientation. Below
is a refined version with slightly stronger
academic tone and clearer linking
sentences?

Research methodology

The study employs a mixed methods
research design, combining quantitative
and qualitative approaches to obtain a
comprehensive understanding of conscious
practice and educational innovation. A
pragmatic research paradigm was adopted
to provide flexibility in using multiple
methods and data sources, prioritizing
approaches that best address the research
questions and thereby enhancing the depth
and credibility of the findings.

Population and sample

The population for the study comprised
teacher educators and secondary school
teachers who are actively involved in
classroom teaching and curriculum
implementation. For the quantitative phase,
a purposive sample of 200 educators was
selected to ensure the inclusion of
individuals directly engaged in day-to-day
teaching practices and exposed to
innovation initiatives. For the qualitative
phase, 20 participants were chosen for in-
depth interviews on the basis of their
demonstrated involvement in innovative
teaching practices, as identified through
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recommendations, institutional records, or
self reported evidence.

Tools and instruments

Data were collected using a self developed
Conscious Practice Scale and an
Educational Innovation Questionnaire,
designed to measure levels of awareness,
reflection, and engagement in innovative
practices. Both instruments were validated
through expert review and pilot testing to
establish content clarity and relevance to
the constructs under study. Reliability was
examined using Cronbach’s alpha to assess
internal consistency of the scales. To
complement the quantitative measures,
semi structured interview schedules were
employed to capture participants’
experiences, narratives of innovation, and
reflective insights about their teaching
practice.

Data collection and analysis

Quantitative data were collected through
survey administration and analyzed using
descriptive statistics, correlation analysis,
and regression techniques to examine
patterns and the strength of relationships
between conscious practice and educational
innovation.  Qualitative  data  from
interviews ~ were  audio  recorded,
transcribed, and analyzed using thematic
analysis, following systematic procedures
for coding, theme development, and
interpretation to identify patterns related to
awareness, reflection, and innovation in
participants’ accounts. The integration of
guantitative and qualitative findings
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enabled a more nuanced interpretation of
how conscious practice operates as a driver
of educational innovation.

Ethical Considerations

Ethical principles were strictly followed
throughout the study. Informed consent was
obtained from all participants, and
confidentiality and anonymity were
ensured. The study adhered to established
ethical guidelines for educational research.

Results and Findings

The results indicated a significant positive
relationship between conscious practice
and educational innovation. Educators who
demonstrated higher levels of reflective
awareness were more inclined to adopt
innovative pedagogical strategies.
Qualitative findings revealed that conscious
practice supported adaptability, ethical
sensitivity, and creative problem-solving in
classroom settings. Statistical analysis
further confirmed that conscious practice
was a significant predictor of innovative
teaching behavior, highlighting its role as a
key factor in fostering meaningful
educational innovation.

Discussion

The findings of the study support the
assumptions of Transformative Learning
Theory by demonstrating that reflection
and awareness contribute to meaningful
pedagogical change. The results are
consistent with earlier studies emphasizing
the importance of reflective practice in
innovation, while also extending existing
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literature by explicitly establishing a link
between conscious practice and innovation.

The study contributes to educational
research by positioning conscious practice
as a foundational condition for sustainable
innovation rather than as an additional or
optional skill. It highlights the importance
of internal awareness in shaping external
educational change.

Educational Implications

o Educational policies should
prioritize conscious practice over
narrow technological or structural
innovation for sustainable change.

e Policy frameworks must promote
reflective teaching, ethical
awareness, and professional
autonomy responsive to classroom
realities.

e Curriculum development should
integrate reflective and awareness-
based  components  alongside
subject knowledge and technical
competencies.

e Curriculum frameworks need to
balance skill development with
ethical reasoning, self-reflection,
and learner-centered approaches.

e Teacher education programs should

incorporate structured reflection,
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dialogue, and experiential learning
to foster conscious practice.

e Pre-service and in-service training
must emphasize awareness of
instructional decisions, classroom
interactions, and contextual
sensitivity.

o Reflective educators drive
adaptable, ethical, and sustainable

innovative practices in education.

Conclusion

The present study concludes that conscious
practice is a vital foundation for educational
innovation in contemporary educational
settings. Innovation in education cannot be
sustained through external reforms,
technological tools, or policy directives
alone. Instead, it emerges most effectively
when educators engage in reflective
awareness, make intentional pedagogical
choices, and remain ethically responsive to
the needs of learners and the broader
educational context. Conscious practice
enables educators to move beyond routine
teaching methods and thoughtfully adapt
their practices in response to changing
classroom realities.

The findings of the study suggest that
reflective awareness strengthens educators’
capacity to question existing assumptions,
experiment with new approaches, and
evaluate the impact of their instructional
decisions. Through conscious engagement
with teaching and learning processes,
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educators are better positioned to align
innovation with educational values rather
than treating it as a superficial or temporary
change. Ethical engagement further
supports innovation by ensuring that new
practices remain inclusive, learner-
centered, and socially responsible.

Overall, the study highlights that conscious
practice contributes to innovation that is not
only effective but also meaningful and
sustainable. By integrating awareness,
reflection, and purpose into educational
practice, conscious educators are able to
respond more effectively to complex
educational challenges. The study thus
emphasizes the need to recognize conscious
practice as a central element in fostering
long-term educational innovation and
improving the quality of teaching and
learning.
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