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Himalayan Whitehouse International College, aims to provide a platform for disseminating knowledge
across diverse domains of engineering, technology, and management, promoting interdisciplinary
research and innovation.
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authors without review.
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Chief Editor's Message

| am very happy to welcome everyone, in their capacity as a reader, researcher, reviewer, or
academic partner, to the inaugural issue of Nexus: Journal of Interdisciplinary Engineering,
Technology and Management (JIETM), published by Himalayan Whitehouse International
College. The purpose of this journal is to provide a meaningful platform for disseminating ideas
from the fields of engineering, technology, management, and related disciplines, and to promote
collaboration to develop practical solutions through research and innovation that address the
issues facing our society today.

The title Nexus demonstrates that we connect and work together. Given the complexity and
rapid changes of these days, many of the most significant questions cannot be addressed in
a single area of study. The journal's objective is to support research that is both academically
rigorous and socially relevant by providing a platform for interdisciplinary dialogue through its
publication process. This first issue of the journal is an important milestone for this organization
and for the larger academic community. This issue contains 10 research articles covering
topics such as precision medicine, antimicrobial resistance, engineering analysis, hydroponic
agriculture, digital transformation, organizational behavior, finance, and higher education. All of
the researchers who contributed to this issue come from different disciplines and use different
methods; however, they all have one thing in common: advancing knowledge through careful
inquiry and evidence-based research.

One of the significant advantages of this theme is how well it fits the Nepalese context, as all
published studies provide insights into the challenges and opportunities that Nepal's hospitals,
industries, educational institutions, farms, and businesses face. At the same time, these studies
are part of larger conversations about science, technology, or management at the regional and
global level. The Journal believes that there is significant value in high-quality research originating
in developing economies for both local development and international scholarship. The Editorial
Board is dedicated to ensuring that all articles featured in their journals are of high quality and
meet the highest ethical and peer-review standards. Each manuscript published in this issue
underwent a thorough evaluation to assess its originality, methodological rigor, and scholarly
relevance; therefore, we believe that strong academic publishing is based on principles of integrity,
transparency, and continual improvement, which will guide future issues of the Journal.

This inaugural issue could not have been successful without much dedication and hard work
from many people. | want to express my deep appreciation to all of the authors who submitted
their research to us, to the reviewers who provided invaluable constructive comments on the
manuscripts, and to the editorial and technical staff who made it possible for us to publish this
issue. Together, these individuals have created an excellent foundation on which this journal
will continue to grow in credibility and success.

As we look forward, we invite scholars, practitioners, students, and policy-makers to join us as
readers, contributors, and collaborators in our efforts at Nexus: JIETM. We actively seek research
across disciplines that addresses new challenges and provides both practical and theoretical
insights into society. Our goal is that this journal will eventually become a well-respected venue
for scholarly discourse and innovation through continued collaboration and academic exchange.

On behalf of the Editorial Board, thank you for being part of our important beginning; we are
excited about building a vibrant and inclusive community of researchers together!

Prof. Dr. Yadav Raj Koirala
Chief Editor
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Abstract

Background: Hydroponics, a soilless cultivation technique, has emerged
as a sustainable alternative to traditional agriculture. With increasing
urbanization, limited arable land, and climate variability, hydroponics
offers efficient resource use and consistent crop production. Leafy
vegetables are particularly responsive to hydroponic systems, making
them ideal for evaluating productivity and nutritional outcomes.

Purpose: The purpose of the present research was to assess the growth
performance, yield, and adaptability of selected crops, mustard greens,
radish greens, Swiss chard, strawberries, and long beans, cultivated in
a hydroponic vertical pipe system. The study aimed to determine crop
suitability, nutrient uptake patterns, and overall system productivity.

Research Methodology: Four Horizontal pipes were established, each
containing a different crop group. Pipe 1 contained mustard greens,
Pipe 2 radish greens, Pipe 3 Swiss chard, and Pipe 4 a mixed system
of strawberries and long beans. Growth parameters, including leaf
expansion, stem strength, chlorophyll intensity, biomass accumulation,
and flowering, were monitored. Observations were recorded
systematically to evaluate crop performance under uniform nutrient
solution and controlled environmental conditions.

Results Mustard greens showed rapid vegetative growth and produced
the highest biomass among leafy crops. Radish greens demonstrated
moderate growth, with high chlorophyll intensity and adaptability. Swiss
chard produced the largest leaf area and highest leaf quality, making
it visually and nutritionally optimal. Strawberries established strong
root systems and flowered early, while long beans displayed vigorous
vine elongation and required support structures. Overall, the horizontal
hydroponic system supported robust development across all crop groups.

Conclusions: The study confirms that leafy vegetables such as mustard
greens and Swiss chard are highly suitable for hydroponic vertical
systems, while radish greens provide resilience under varying conditions.
The successful establishment of strawberries and long beans highlights
the versatility of hydroponics for mixed cropping strategies.

Implication: These findings underscore hydroponics as a sustainable,
resource-efficient farming method capable of addressing food security
challenges. Future applications include scaling vertical systems for urban
agriculture, integrating automation and Internet of Things technologies,
and expanding crop diversity to enhance productivity and resilience in
both urban and rural contexts.

Keywords: Hydroponics, Soil-less cultivation, Leafy vegetables, Vertical
farming, Nutrient uptake, and Sustainable agriculture
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1. Introduction

The use of nutrient-enriched water solutions to cultivate plants without soil is known as hydroponics, and it
has emerged as a key component of contemporary agricultural innovation (Thapa et al., 2024). The promise of
this soilless method to address urgent issues, including dwindling arable land, water shortages, and the need
for sustainable food production in both urban and rural environments, is increasingly recognized (Velazquez-
Gonzalez et al., 2022a). Compared to conventional agricultural methods, hydroponics improves crop yields
and quality by precisely controlling nutrients, pH, and environmental variables, thereby eliminating soil as
the primary growth medium (Shareef et al., 2024; Velazquez-Gonzalez et al., 2022a). The effective delivery
of vital nutrients directly to plant roots, often via methods such as nutrient film technique (NFT), deep water
culture (DWC), and aeroponics, is the foundation of hydroponics. Hydroponics is a highly regulated and
durable production method, as these systems not only maximize plant growth but also reduce the prevalence
of soil-borne diseases and pests (Korsa et al., 2025). Because of their short growth cycles and high demand
in international markets, leafy plants like lettuce, spinach, and kale are especially well-suited to hydroponic
systems. Research has shown that, compared with soil-based farming, hydroponically grown leafy greens
frequently produce higher yields and better nutritional quality (Chhetri et al., 2022). Additionally, hydroponics is
essential to achieving sustainability objectives. Hydroponic systems are extremely resource-efficient, as they can
use up to 90% less water and 60% less fertilizer than conventional agriculture (Regmi et al., 2024). In areas where
water is scarce and the climate is unpredictable, this efficiency is especially important. Additionally, by enabling
year-round production under controlled conditions, hydroponics reduces reliance on natural cycles. It lowers the
risk of crop failure from extreme weather events, aligning with global food security objectives (Zee, 2024).

Perhaps the most prospective application of hydroponics is agriculture in urban areas. With rooftop gardens,
vertical farms, and containerized systems, hydroponic farming offers a modular alternative for growing fresh
vegetables in cities amid rapid urbanization and land scarcity. These developments improve local food security
and resilience while also shortening the distance that food must travel (Ghimire et al., 2023a). Technological
breakthroughs have further boosted the global popularity of hydroponics. Growing crops in hydroponics is
now more effective and flexible, thanks to the combination of automation, robots, and IoT-enabled monitoring
systems that have enhanced ventilation, nutrient delivery, and climate control. Advances in artificial intelligence
(AI) now enable early disease diagnosis, optimal resource utilization, and predictive modeling of plant growth,
all of which increase production and profitability (Dennison et al., 2025).

Emerging food systems, especially alien agriculture, are expected to rely heavily on hydroponics. The viability
of hydroponic systems on space missions, where soil is unavailable, and resource efficiency is crucial, has been
shown by research conducted by the National Aeronautics and Space Administration and other organizations.
Hydroponics demonstrates its adaptability to support sustained food production for astronauts and prospective
settlements on Mars (Srivastava et al., 2024).

The application of hydroponics as a soil-less cultivation technique, particularly for green crops, is the main
emphasis of this study. The main focus is on understanding the fundamentals of hydroponic cultivation,
including system designs such as the nutrient film technique (NFT). The study identifies crops that respond
well to hydroponic systems because of their short growth cycles and high market demand, focusing on green
vegetables such as lettuce, spinach, mustard, and strawberries.

2. Review of Literature

a. Principles of Hydroponics Farming
The foundation of hydroponics is soil-less cultivation, in which water solutions directly supply vital nutrients
to plants. Unlike traditional farming, hydroponics provides precise control over nutrient concentrations, pH
levels, and oxygen delivery, maximizing plant growth and reducing unpredictability from soil conditions.
Research highlights that hydroponics is a reliable method for consistent crop production, as it improves
nutrient uptake efficiency and reduces the risk of soil-borne diseases (Choi et al., 2025; Nikolov et al., 2023).
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b. System Designs in Hydroponics

Through many successful system designs that apply soilless farming principles, hydroponic farming has
evolved. Aeroponics, Ebb and Flow systems, Deep Water Culture (DWC), and Nutrient Film Technique
(NFT) are some of the most popular.

ii.

Wick system

One of the most basic types of hydroponic farming, the wick system is popular for indoor and small-
scale farming. Because it requires no electricity or pumps, this passive hydroponic method is affordable
and accessible to novices. This device uses capillary action to move the nutrient solution from a
reservoir to the plant root zone via a wick made of absorbent material like cotton or nylon. The fertilizer
solution's constant flow ensures the growing medium stays moist and plants receive a consistent supply
of water and vital nutrients. The efficiency of wick hydroponic systems for crop production has been
assessed in several studies.

(Rajendran et al., 2024) examined how wick quantity and orientation affected seed potato growth in a
hydroponic system. According to their research, vertical wick layouts were more effective in transporting
water and nutrients than horizontal ones. Higher tuber yield, greater plant vigor, and improved root
developmentwerealldemonstratedbyplantscultivatedwithoptimalwickdesigns. Thestudyalsoshowedthat
wickhydroponicsystems,whichrequirelesselectricityandupkeep,cansupportsustainablecropproduction.
These results demonstrate the promise of wick-based hydroponic systems as a workable alternative
for controlled-environment production, urban agriculture, and small-scale farming, especially in areas
with limited access to sophisticated hydroponic infrastructure.

Drip system

The drip hydroponic method works especially well for growing crops such as tomatoes and peppers.
In these systems, a nutrient solution is delivered directly to the plant roots through pipes and hoses.
The flow of the solution is carefully controlled to ensure the right amount reaches the plants at the
right time. The solution is delivered at set intervals, allowing precise control over how many nutrients
the plants receive. In closed-loop systems, any excess solution not used by the plants is collected
and returned to the storage tank for reuse. This makes the system very efficient and helps save water.
Overall, this method creates a controlled environment that supports healthy plant growth while using
resources wisely (Rajendran et al., 2024; Sambo et al., 2019).

iii. Nutrient Film Theory System

The Nutrient Film Technique (NFT) involves keeping a thin layer of nutrient solution, usually just
a few millimeters thick, at the bottom of a deep tank. This method allows the lower part of the plant
roots to be in contact with the nutrient film, ensuring they receive sufficient water and nutrients. In
contrast, the upper part of the roots remains exposed to air, which helps oxygenate and supports healthy
root growth. First, the plants grow roots that reach the nutrient film and then spread out horizontally,
helping them absorb more nutrients. The roots are not completely covered in water but are constantly
or periodically washed by a flowing nutrient solution that moves through a series of pipes. This flow
exposes the root surfaces to air, which improves aeration. A pump continuously checks and circulates
the nutrient solution, which is then returned to a storage tank by gravity for reuse, making the system
efficient. While NFT uses less nutrient solution than floating root systems, it requires additional energy
and equipment to function properly. This system is especially well-suited for plants that require well-
oxygenated roots, such as tomatoes and peppers, and provides a controlled environment that supports
healthy growth (Korsa et al., 2025; Velazquez-Gonzalez et al., 2022).

iv. Aeroponics

Tubers and root vegetables are well-suited to acroponic cultivation. In this method, the plant's roots
hang in the air and receive nutrients through regular misting by a sprinkler system. The main benefit of
this approach is that it does not require a separate acration system, as oxygen is included in the nutrient
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spray. By allowing roots to remain in the air while receiving nutrients via gentle misting, aeroponics
supports strong root growth and improved nutrient uptake, making it a suitable method for growing
tubers and root crops (Velazquez-Gonzalez et al., 2022b).

c. Leafy Vegetable in a Hydroponic System

Because of their short growth cycles and strong market demand, green crops are especially well-suited to
hydroponic production. Compared with soil-based agriculture, crops such as lettuce, spinach, kale, and
basil flourish in NFT and DWC systems, yielding higher yields and better nutritional quality. According
to research, hydroponically cultivated leafy greens often exhibit higher survival rates and faster growth in
controlled environments (Ekka, 2024). Additionally, hydroponics enables the year-round production of leafy
vegetables, ensuring a consistent supply of fresh produce in both urban and rural areas (Shareef et al., 2024).

i. Advantages and Challenges of the Hydroponics System

Water savings of up to 90%, reduced pesticide use, and space efficiency in urban settings are just a
few of the benefits of hydroponics. Additionally, by reducing fertilizer consumption and facilitating
output in non-arable areas, it promotes sustainable agriculture (Regmi et al., 2024). There are still
issues, though, such as high setup costs, the need for technological expertise, and reliance on power
for lighting and pumps, which might restrict accessibility. Crop health can be rapidly jeopardized by
system malfunctions such as pump malfunctions or nutrient imbalances, highlighting the necessity of
effective management techniques (Gurung et al., 2024).

d. Global Application and the prospect

Hydroponics has been used worldwide in a variety of settings, from urban rooftop gardens in North America to
commercial vertical farms in Asia and Europe. By facilitating domestic production and lowering dependency
on imports, it promotes food security (Ghimire et al., 2023). The scalability and effectiveness of hydroponics
are increasing thanks to technological advancements like IoT sensors, Al monitoring, and robotics (Dennison
et al., 2025). With NASA and other organizations investigating its potential for space missions, hydroponics
is expected to play a role in future extraterrestrial agriculture (Srivastava et al., 2024).

3. Methodology
System Design and Construction

Four 100-mm-diameter PVC pipes were arranged in a multi-tier horizontal configuration, supported by
a metal frame, to create a Nutrient Film Technique (NFT) hydroponic system. There were uniformly
spaced holes in each PVC channel for positioning net pots. PVC elbows were used to connect the channels
sequentially, allowing the nutrient solution to flow by gravity from the highest to the lowest.

The main source of nutrients was an elevated nutrient reservoir tank. At the system's base was a nutrient-
collection tank labeled. A continuous recirculating loop was created by a submersible pump placed inside the
collection tank, which pumped the nutrient solution back to the raised reservoir via flexible tubing (Fig 1).
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b. Nutrient Solution Preparation

In accordance with recommended concentrations for leafy crops, a standard hydroponic fertilizer solution
containing essential macronutrients and micronutrients was prepared. The pH of the solution was
maintained between 5.5 and 6.5, while the electrical conductivity (EC) was maintained between 1.2 and
1.8 mS/cm. Every day, portable meters were used to measure pH and EC. Every 10 to 15 days, the entire
reservoir was replenished with a fresh fertilizer solution to account for evaporation and plant uptake.

c. Seedling Preparation and Transplanting

To guarantee consistent germination and root development, seedlings were first grown in cocopeat.
Seedlings were moved into net pots with cocopeat once they had two or three real leaves. The lower part of
the roots was then kept in contact with the flowing nutrient film by inserting the net pots into the openings
in the PVC tubes.

d. Operation of the Hydroponics System

The system operated on a continuous flow principle. The submersible pump fed the nutritional solution
from the collection tank to the top PVC channel, from which it flowed downward through each channel
by gravity. To ensure that the root zone always had access to nutrients and oxygen, a thin layer of nutrient
solution (about 2-3 mm thick) was applied along the base of each channel. The recirculation cycle was
completed when the solution reached the collection tank.

To ensure proper flow, identify leaks, and prevent blockages in the channels and tubes, daily checks were
conducted.

e. Environmental condition

The hydroponic system was set up inside a greenhouse that had a green shade net covering it. This semi-
controlled setting helped regulate ventilation, temperature, and light intensity. In addition to shielding
the system from rain, dust, and external pollutants, the shade net reduced exposure to direct sunlight and
minimized heat buildup. Throughout the cultivation phase, temperature and overall plant health were
tracked.

f. Maintenance and Data observation

Checking water levels, cleaning algae-prone areas, and ensuring the pump and connections were operating
properly were all part of routine maintenance. Before adding a new solution, the collection tank and
nutrient reservoir were cleaned. Visual observations of leaf growth, color, and vigor were used to track
plant development. Throughout the culture phase, observations were made about root development,
nutrient deficits, and system performance.

4. Results

All four crop groups were grown using the hydroponic horizontal pipe system: mustard greens (Raya) in Pipe
1, radish greens in Pipe 2, Swiss chard in Pipe 3, and a mixed cultivation of long beans and strawberries in Pipe
4. The variable growth performance of the crops suggests that they differ in their adaptation to the hydroponic
environment. The system supported physiological activities, including photosynthesis and nutrient uptake, by
continuously circulating nutrients.

a. Growth performance Across the pipe

Over the course of the trial, mustard greens grown in Pipe 1 showed rapid vegetative growth. Plants reached an
average height of about 19-20 cm and produced 9-12 leaves per plant at 25 days after transplanting (day after
transplanting). The favorable growing conditions and effective nutrient assimilation in the hydroponic system
are demonstrated by the average fresh biomass of 43.5 g per plant.

Additionally, the radish greens cultivated in Pipe 2 showed steady vegetative growth. Plants reached an average
height of 17-18 cm and produced roughly 10-11 leaves per plant at harvest (25 days after transplanting). The average
fresh biomass per plant was found to be between 45 g, indicating adequate nutrient consumption and plant growth.
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Among the leafy vegetables assessed in this study, Swiss chard grown in Pipe 3 showed the greatest vegetative
development. At 25 days after transplanting, the average plant height was 24-25 cm, and each plant produced
13-14 leaves. The average fresh biomass per plant was approximately 58 g, indicating improved vegetative
performance, likely due to the plant's greater leaf surface area and more effective utilization of available
nutrients.

The fruiting crops grown in Pipe 4 showed relatively restricted growth under the experimental conditions, in
contrast to the green vegetables. Early in their lives, long bean plants showed little vegetative development.
Within 25 days after transplanting, each plant barely produced two to four leaves, and there was very little vine
elongation. Additionally, no pod formation was observed during the trial period, indicating that the hydroponic
conditions used in this investigation were not ideal for long-term bean growth.

Table 1: Growth performance of crops cultivated in the hydroponic horizontal pipe system

Crop Pipe No. Observation Average Height / Vine | Leaves per Plant
Period (Days) Length
Mustard greens Pipe 1 19-20 cm 12
(Raya) 25
Radish greens Pipe 2 25 17-18 cm 11
Swiss chard Pipe 3 25 24-25 cm 14
Long bean Pipe 4 20-25 4-5 cm 2-4
Strawberry Pipe 4 30-40 - -

The comparative growth performance of five crops grown in a hydroponic horizontal pipe system is shown in
Figure 2. After 25 days of culture, Swiss chard reached an average height of 24.5 cm, the highest vegetative
growth among the assessed species. With mean heights of 19.5 cm and 17.5 cm, respectively, mustard and
radish greens both showed significant growth. Long bean plants, on the other hand, showed little early-stage
development; over the 25-day observation period, their average vine length was only 4.5 cm. During the 30-
40-day cultivation period, strawberry plants showed no discernible growth, indicating a lack of adaptation to
the hydroponic conditions used in this system. The hydroponic horizontal pipe layout is particularly conducive
to leafy vegetable growth, as evidenced by significant differences in plant height among the investigated crops.
This is probably because leafy vegetables have shorter growth cycles and require less structural support than
fruiting crops.

Average Plant Height of Crops Grown in the
Hydroponic Horizontal Pipe System

30
c 24.5
5 2
= 19.5
2 20 17.5
[}
==
a 15
o
S
o 10
g 4.5
$ 5 :
) i o
0
Mustard Radish  Swiss chard Long bean Strawberry
greens greens
Crops

Figure 2 : Growth performance of crops cultivated in a hydroponic horizontal pipe system

Volume 1, Issue 1, May 2026




Himalayan Whitehouse International College NEXUS

Figure 3 : Representative growth stages of crops cultivated in the hydroponic horizontal pipe system

(a) Young mustard plant showing early vegetative development;
(b) Swiss chard exhibiting vigorous leaf growth and characteristic pigmentation;
(c) Mature mustard greens demonstrating expanded leaf development;
(d) Radish greens grown under hydroponic conditions with moderate vegetative growth

5. Discussion

The hydroponic vertical pipe system demonstrated strong adaptability across diverse crop groups, with growth
performance varying according to species and nutrient uptake patterns.

Mustard greens (Pipe 1) showed rapid vegetative growth and produced the highest biomass among leafy
crops. This result is consistent with findings that hydroponic mustard greens can yield up to 10 times more
per square foot than traditional soil farming, due to precise nutrient delivery and controlled environments
(Rochester Hydroponics, 2024; Agri Farming, 2024). Their uniform height and broad leaf expansion highlight
their suitability for vertical hydroponic systems.

Radish greens (Pipe 2) exhibited moderate growth, with thicker leaves and stronger stems, and showed high
chlorophyll intensity. Hydroponic radishes are known for rapid germination and adaptability, with success rates
of up to 80% under controlled nutrient conditions (Hydrobuilder Learning Center, 2024; Henry’s Hydroponics,
2024). The adaptability observed here reinforces radish greens’ potential in vertical hydroponic farming.

Swiss chard (Pipe 3) produced the largest leaf area and highest leaf quality, with glossy leaves and minimal
nutrient stress. Hydroponic Swiss chard has been reported to achieve superior nutrient absorption, higher yields,
and reduced water usage compared to soil cultivation (Gardening Tips, 2024; Rochester Hydroponics, 2024).
These findings confirm Swiss chard’s reliability as a visually and nutritionally optimal crop in vertical systems.

The mixed-crop system (Pipe 4) highlighted the versatility of hydroponics. Strawberries established
strong root systems and flowered early, consistent with studies showing that hydroponic strawberries thrive in
nutrient-rich water solutions and enable year-round production (Hydroponic Systems EU, 2023). Long beans
demonstrated vigorous vine elongation and responded well to nutrient cycling, aligning with reports that
hydroponic beans achieve high yields and require structural support for optimal growth (Agri Farming, 2024).

Overall, the results confirm that leafy vegetables such as mustard greens and Swiss chard are highly suited
to hydroponic vertical systems, while radish greens demonstrate resilience and adaptability. The successful
establishment of strawberries and long beans underscores the potential of hydroponics for mixed cropping
strategies, expanding beyond leafy vegetables to include fruiting and vining crops.

6. Conclusion

The study emphasizes the effectiveness of hydroponic horizontal pipe systems for a variety of crop types.
Mustard greens produced the most biomass and showed quick vegetative growth, demonstrating their
feasibility for cultivation without soil. Despite growing more slowly, radish greens demonstrated adaptation
and resilience with robust stems and high chlorophyll intensity. Swiss chard produces huge, glossy leaves with
no nutrient stress, making it the most aesthetically pleasing leafy crop. Long beans showed significant vine
elongation and responsiveness to nitrogen cycling, while strawberries established robust root systems and
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flowered early, further demonstrating the adaptability of hydroponics. The majority of the findings indicate that
while radish greens offer flexibility across a variety of settings, leafy plants such as Swiss chard and mustard
greens are especially well-suited to hydroponic systems. The ability of hydroponics to diversify production
beyond leafy vegetables is demonstrated by the effective integration of fruiting and vining crops. This study
supports hydroponics as a flexible, resource-efficient, and sustainable farming technique that can encourage
creative agricultural practices in both urban and rural settings and address issues related to food security.

7. Limitation and Direction of Study

This study has several shortcomings despite the encouraging outcomes. First, the horizontal pipe system was
tested on a small scale, which may not accurately reflect the challenges encountered in commercial hydroponics
at larger scales.

Second, insights into crop performance across varying conditions were limited because environmental factors,
including temperature, humidity, and light intensity, were controlled rather than varied.

Third, all crop groups used the same nutrient solution, which might not have maximized development
for species with different nutrient needs. Furthermore, Pipe4's mixed-cropping method created resource
competition, making it challenging to separate the performance of long beans and strawberries.

Lastly, long-term productivity and sustainability were not investigated because the study period was restricted
to early growth and initial yield data.

To assess the commercial viability and economic sustainability of hydroponic vertical systems, further study
should focus on scaling them up. A deeper understanding of crop resilience and adaptability would be possible
through comparative trials conducted under various environmental conditions. To optimize production
and quality, customized fertilizer formulas for individual crops, especially in mixed systems, should be
investigated. Long-term research is required to evaluate system longevity, nutrient cycling efficiency, and
continuing productivity. Incorporating cutting-edge technologies such as automated nutrient delivery, Al-
driven monitoring, and Internet of Things sensors could improve accuracy and reduce labor costs. Lastly,
investigating hydroponics for a variety of crop types, such as fruit plants, legumes, and medicinal herbs, would
expand its use and improve food security worldwide.
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Abstract

The advent of high-throughput molecular profiling technologies has
revolutionized biomedical research, allowing scientists to explore
complex biological systems at multiple levels:genomic, proteomic, and
metabolomic. These combined "multi-omics" approaches are proving
instrumental in identifying reliable biomarkers essential for the success
of precision medicine. This review explores the current landscape of
multi-omics integration, from technological advances to computational
frameworks, and delves into their real-world applications in disease
diagnostics and prognostics. We discuss how integrating diverse datasets
enhances clinical insights and outline the challenges in standardization,
data harmonization, and clinical translation. Emerging tools, including
artificial intelligence, are highlighted for their potential to manage
complexity and propel discoveries from the lab to the clinic.

Keywords:Computational frameworks, Genomics, Multi-omics integra-
tion, Precision medicine, Proteomics
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1. Introduction

Precision medicine is changing the way we treat people by using their unique genetic information to guide
healthcare decisions. At the heart of this approach lies the identification of biomarkers, which are also known
as biological indicators that can inform disease risk, progression,therapeutic response, or emerging approaches
to disease treatment (Banappagoudar et al., 2023).

Historically, biomarker research has leaned heavily on single-layer omics data, such as genomics or proteomics.
However, these isolated views often fall short of capturing the intricate web of biological interactions that
underpin complex diseases. (Thiele et al., 2024; Wu & Xie, 2025). As a solution, multi-omics approaches—
integrating genomic (DNA), proteomic (proteins), and metabolomic (metabolites) data—offer a more holistic
picture of human biology. (Luo et al., 2024).

This review presents a comprehensive look at how multi-omics data integration is transforming biomarker
discovery, addressing both methodological developments and real-world clinical applications.

1.1 Objectives

e To explore foundational principles and recent advances in genomics, proteomics, and metabolomics
related to biomarker identification

e To evaluate computational strategies for combining diverse omics data
e To illustrate how multi-omics has been successfully applied in disease research

e To discuss barriers to implementation and propose future directions

2. Genomic Insights into Disease Signatures

Genomics provides a foundational layer in molecular medicine, revealing DNA-level variations such as single-
nucleotide polymorphisms (SNPs), insertions, deletions, and structural changes (Splus, 2001). Techniques
such as whole-genome sequencing (WGS), whole-exome sequencing (WES), and genome-wide association
studies (GWAS) have uncovered numerous genetic associations with diseases (Dehghan & Salehi, 2023; Tan
et al., 2024).

For example, mutations in the tumor protein p53 (TP53) gene, breast cancer susceptibility genes 1 and 2
(BRCA1/2), and Kirsten rat sarcoma virus oncogene homolog (KRAS) are established biomarkers in oncology.
However, genetic information alone often fails to fully account for phenotypic variability, as gene expression
is influenced by epigenetics, environmental exposures, and regulatory networks—highlighting the need for a
multidimensional molecular approach. (Kim et al., 2023; Singh et al., 2025)

3. Proteomics: Linking Genes to Function

Proteomics focuses on the proteins that carry out the biological instructions encoded in DNA. Unlike genomics,
which is relatively static, proteomics provides dynamic insights into protein expression, post-translational
modifications, and interactions under various physiological or pathological conditions. (Dogiparthi et al.,
2025; Qoronfleh, 2025).

Advancements in mass spectrometry (MS)—such as tandem MS, isobaric tagging iTRAQ, TMT), and data-
independent acquisition (DIA)—have made it possible to conduct large-scale protein profiling with high
precision. Clinically, protein biomarkers like prostate-specific antigen (PSA) and tau proteins have become
key tools in diagnosing prostate cancer and Alzheimer’s disease, respectively. (Frohlich et al., 2024; Moulder
etal., 2018).

By combining proteomic and genomic data, researchers can better understand the downstream effects of
genetic variants and identify potential therapeutic targets.

4. Metabolomics: The Final Layer of Molecular Information

Metabolomics captures the small-molecule byproducts of cellular activity, providing a snapshot of an
organism’s physiological state. Techniques such as nuclear magnetic resonance (NMR) and mass spectrometry
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(coupled with chromatography methods like LC-MS and GC-MS) enable detailed metabolite profiling. (Koek
et al., 2011; Nafie et al., 2025).

Alterations in metabolic pathways often occur early in disease development, making metabolites valuable
biomarkers. For instance, elevated branched-chain amino acids have been linked to insulin resistance, while
lipidomic changes can signal cardiovascular risks. Because metabolites are downstream of genomic and
proteomic regulation, they offer a near-phenotypic readout that is highly responsive to both internal and
external influences. (Cheng et al., 2017).

5. Integrating Multi-Omics Data
5.1 Challenges in Integration

Combining diverse omics datasets presents several hurdles:

e  Variability in data formats and measurement scales
e Inconsistent sample sizes and missing values
e Batch effects introduced by different experimental protocols

e High dimensionality and low sample-to-variable ratios

5.2 Strategies for Data Integration
e Early Integration: Raw datasets are merged at the outset. While comprehensive, this method risks
overfitting due to dimensional complexity.
e Intermediate Integration: Key features are extracted independently from each omics layer before
merging, improving interpretability.
e Late Integration: Predictive models are built separately on each data type and then combined, often
using ensemble learning.

5.3 Computational Approaches

e  Statistical Models: Techniques like Canonical Correlation Analysis (CCA), Partial Least Squares
(PLS), and Multi-Omics Factor Analysis (MOFA) identify correlations across data layers (Athieniti
& Spyrou, 2023).

e Network-Based Tools: Protein interaction networks and gene regulatory maps contextualize data
within known biological pathways.

e  Machine Learning: Algorithms like random forests and support vector machines uncover complex,
non-linear relationships.

e Deep Learning: Neural networks, including autoencoders and graph neural networks (GNNs), can
model intricate, high-dimensional data structures.

Multi-omics biomarker discovery follows a sequential process that includes biological sample collection,
generation of omics data, data integration, and analysis for clinical interpretation. The overall workflow of this
process is shown in Figure 1. Common computational methods used for integrating multi-omics data, along
with their typical applications, are listed in Table 1.

6. Real-World Applications in Disease Research

6.1 Oncology
Cancer has been at the forefront of multi-omics research. The Cancer Genome Atlas (TCGA) integrated
genomics, epigenomics, transcriptomics, and proteomics to redefine tumor classification and identify
therapeutic targets. In breast cancer, multi-omics integration of PAMS0 gene expression panels with
proteomic and metabolomic profiles has refined subtype characterization and predicted drug resistance.

In Nepal, where breast and cervical cancers are among the leading causes of female morbidity and
mortality, multi-omics can provide localized molecular insights to improve early detection and treatment
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strategies. Additionally, hepatocellular carcinoma (HCC), linked to hepatitis B and C infections endemic
in South Asia, has benefited from multi-omics analyses revealing metabolic reprogramming and immune
microenvironment alterations, informing biomarker-driven therapies. (Cai et al., 2022).

6.2 Metabolic Disorders

Type 2 diabetes mellitus (T2DM) and metabolic syndrome are major public health concerns in Nepal and
globally. Multi-omics integration has uncovered complex interactions among genetic predisposition (e.g.,
variants in TCF7L2), proteomic alterations in insulin signaling pathways, and metabolomic signatures, such
as branched-chain amino acids, that predict insulin resistance and progression to diabetes. (Bazzazzadehgan
etal., 2025).

Recent studies incorporating environmental factors, such as pesticide exposure common in rural Nepalese
farming communities, have revealed gene-environment-metabolite networks that influence metabolic
disease risk, highlighting the value of multi-omics in public health interventions. (Bugingo et al., 2025;
Kafle et al., 2021).

6.3 Neurological Diseases

Neurodegenerative diseases, including Alzheimer’s and Parkinson’s, pose significant challenges due to
their multifactorial etiology. Multi-omics studies have mapped networks involving genetic risk loci (APOE,
SNCA), proteomic biomarkers (tau, alpha-synuclein), and metabolomic alterations linked to mitochondrial
dysfunction and oxidative stress. (Bazzazzadehgan et al., 2025; Cocos& Popescu, 2024).

Psychiatric disorders like schizophrenia and bipolar disorder are being explored through multi-omics lenses to
identify biomarkers predictive of treatment response and disease trajectory. Such approaches are nascent but
promising, particularly in LMIC contexts where mental health resources are limited. (Dhieb & Bastaki, 2025).

6.4 Infectious Diseases

Nepal’s burden of infectious diseases like tuberculosis (TB), dengue, and COVID-19 highlights the urgent
need for precise diagnostics and prognostics. Multi-omics integration has revealed host-pathogen interaction
signatures—such as combined transcriptomic and metabolomic profiles distinguishing latent from active TB.

Proteomic identification of viral and host proteins during dengue infection has informed vaccine
development and the identification of disease severity markers. The COVID-19 pandemic accelerated the
global adoption of multi-omics applications, enabling the identification of immune and metabolic biomarkers
predictive of severe disease and long COVID syndromes. (Agamabh et al., 2024; Han et al., 2019).

6.5 cardiovascular diseases (CVD)

CVD remains the leading cause of mortality worldwide, including Nepal. Multi-omics approaches
integrating genomics (e.g., variants at the 9p21 locus), proteomics (inflammatory and coagulation factors),
and metabolomics (lipidomics) have advanced the understanding of atherosclerosis, heart failure, and
hypertension. (Zhan et al., 2023).

Biomarkers derived from multi-omics data facilitate risk stratification and personalized therapy, including
prediction of statin responsiveness, which is crucial for optimizing resource allocation in healthcare
systems with limited capacity.

7. Outlook and Challenges: Implementing Multi-Omics in LMICs
7.1 Data Standardization and Sharing

The absence of uniform data generation and analysis protocols remains a major bottleneck. Adopting
international standards such as Minimum Information About a Microarray Experiment. (MIAME)For
microarray data, FAIR principles for data sharing are critical. Developing Nepal-specific repositories and
encouraging open-access policies will enhance reproducibility and foster regional collaborations.
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7.2 Infrastructure and Capacity Building

Robust computational infrastructure and trained personnel are prerequisites for multi-omics research. Nepal
faces challenges, including limited high-performance computing resources and bioinformatics expertise.
Strategic investments in cloud computing, regional data centers, and interdisciplinary training programs
are imperative to build sustainable capabilities.

7.3 Ethical, Legal, and Social Implications (ELSI)

Given the sensitivity of omics data, especially genomics, rigorous ethical frameworks must safeguard
participant privacy, ensure informed consent, and promote equitable benefit sharing. Cultural considerations
unique to Nepal’s diverse ethnic groups require tailored engagement strategies to build trust and avoid
exploitation.

7.4 Cost and Clinical Translation

Translating multi-omics biomarkers into routine clinical practice demands cost-effective assays and a clear
demonstration of clinical utility. Partnerships with government health agencies, international funders, and
local stakeholders will be essential for developing accessible diagnostics tailored to Nepal’s healthcare
system.

7.5 Future Directions: Emerging Omics and Technologies

Expanding to transcriptomics, epigenomics, microbiomics, and single-cell analyses will deepen biological
understanding. Additionally, leveraging wearable sensors, liquid biopsies, and Al-driven predictive models
can revolutionize real-time disease monitoring and precision medicine delivery in resource-limited settings.

8. Conclusion

The integration of multi-omics data marks a transformative step toward unraveling complex disease mechanisms
and advancing precision medicine globally. While high-resource settings continue to drive methodological
innovation, it is critical to adapt these advances to the needs and constraints of LMICs such as Nepal.
Addressing infrastructural, ethical, and socio-cultural challenges through capacity building, collaborative
networks, and inclusive research policies will ensure that the benefits of multi-omics reach diverse populations
and contribute meaningfully to global health equity.

Figure and Table
Multi-Omics Biomarker Discovery Workflow
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Figure 1: Workflow of multi-omics biomarker discovery, from sample collection to clinical application.
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Table 1: Overview of common multi-omics integration tools and their applications.

Tool/Method Type Description Application Example

MOFA Statistical Latent factor modeling across | Cancer subtype classification
omics layers

Random Forest [Machine Learning | Non-linear classification of Diabetes biomarker prediction
multi-omics data

Graph Neural Deep Learning Network-based integration of [ Integrated biomarker discovery

Networks omics data in cancer
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Abstract

Urinary tract infection (UTI) is one of the most common bacterial infections
globally, with increasing prevalence and rising antimicrobial resistance posing
major challenges in clinical settings. Nepal continues to report a significant
burden of UTIs, particularly among females and individuals of reproductive age.
The purpose of the present research was to ascertain the urinary pathogenic
bacterial profiles, antimicrobial susceptibility patterns, prevalence, and
demographic distribution of patients suspected of having UTIs at Kathmandu
Medical College Public Limited. A total of 151 urine samples were collected
from patients with UTI symptoms. Samples were sent to the Microbiology
Laboratory at Himalayan White House International College, where they were
cultured, identified, and tested for antibiotic susceptibility using conventional
microbiological techniques.

Significant bacterial growth was found in 51 (33.77%) of the 151 samples
examined. Males showed a lower prevalence (21.57%) than females (40%). The
age group of 21 to 30 years old had the largest number of UTI cases. The most
common pathogen was Escherichia coli (33.33%), followed by Pseudomonas
aeruginosa (17.64%) and Klebsiella pneumoniae (13.70%,). The isolates showed
high resistance to ceftazidime and cefaclor, while the highest susceptibility
was observed to amikacin and piperacillin-tazobactam. Notably, multidrug
resistance was identified in 66.7% of uropathogenic isolates, including E. coli,
Klebsiella spp., and Pseudomonas spp. showing the highest prevalence. The
study shows that UTIs are common, especially among young adult women. The
predominance of E. coli and high-level resistance to widely used antibiotics
underscore the importance of routine culture and sensitivity testing for successful
treatment. These results highlight the critical need in Nepali healthcare settings
for improved antimicrobial stewardship, regular monitoring of resistance trends,
and ongoing updates to empiric therapy recommendations. Controlling the rising
incidence of UTIs and preventing the development of resistant uropathogens also
depend on incorporating routine culture-based diagnosis, encouraging doctors
to use antibiotics sensibly, and raising public awareness of the dangers of self-
medication. For doctors, microbiologists, and public health policymakers, this
study offers up-to-date, hospital-based data on UTI prevalence and resistance
rates in Kathmandu.

Keywords- AMR, Antimicrobial resistance, E. coli, Multidrug resistance, Nepal,
Urinary tract infection, Uropathogens, and UTI
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1. Introduction

Urine is generally sterile or contains only a small number of microorganisms unlikely to cause infection in
a healthy person (Mancuso et al., 2023). UTIs, or urinary tract infections, are common in both community
settings and medical facilities. They are among the most prevalent bacterial infections (Swamy et al., 2020).
A significant proportion of adult women, estimated between 40% and 50%, experience at least one urinary
tract infection during their lifetime, making UTIs a major health concern in this population. The likelihood of
developing a UTI increases steadily with age, with prevalence rising by about 5% every decade. Furthermore,
pregnancy further elevates susceptibility, contributing to roughly a 7% increase in UTI risk due to physiological
and hormonal changes that favor bacterial colonization and infection (Shaifali et al., 2012). Gram-negative
bacterial pathogens are mostly responsible for urinary tract infections, with Escherichia coli (E. coli) being the
most common culprit. Because of its strong adhesion mechanisms and ability to colonize the urinary tract, this
organism alone is thought to account for 65-90% of UTIs. Proteus mirabilis, Staphylococcus saprophyticus,
Staphylococcus epidermidis, and Klebsiella pneumoniae are additional prominent uropathogens that account
for a smaller but noteworthy percentage of infections. Furthermore, Pseudomonas species are frequently
associated with infections in patients undergoing long-term catheterization or with impaired urinary drainage,
whereas they are less common in typical UTIs (Sedhain et al., 2019; Shaifali et al., 2012).

Confirming the diagnosis of a urinary tract infection requires routine urine analysis, microscopic examination,
urine culture, and pertinent biochemical assays (Sedhain et al., 2019). Urinary tract infections have been
observed to affect between 23% and 37% of patients in general hospitals in Nepal (Shakya et al., 2021).
Antibiotic-resistant uropathogens have spread more quickly due to the abuse of broad-spectrum antibiotics,
whether through self-medication or improper empirical treatment given in clinics and emergency rooms
(Calzada et al., 2022). AMR, or antimicrobial resistance, is a fast-expanding global issue, especially in low-
and middle-income nations. Among the microbial groupings exhibiting some of the highest levels of resistance
are uropathogens in particular (Raj KC et al., 2023; Shakya et al., 2021). These rising resistance patterns
highlight the urgent need for continuous surveillance and updated antimicrobial guidelines to ensure effective
management of UTIs (Lee et al., 2018).

The purpose of this study was to thoroughly evaluate the prevalence, demographic trends, microbiological
diversity, and antibiotic resistance profiles of uropathogenic bacteria isolated from patients at Kathmandu
Medical College Public Limited in Kathmandu with urinary tract infection symptoms.

2. Review of Literature

Urinary tract infection (UTI) is a frequently encountered clinical condition in both general and gynecological
medical practices. It ranks among the most prevalent infections observed in outpatient clinics and among
hospitalized patients (Shaifali et al., 2012). UTIs can result from several underlying causes. These causes are
generally grouped into three categories: behavioral factors (like poor hygiene or sexual activity), urologic
factors (such as urinary tract obstructions or catheter use), and biological/genetic factors (including inherited
traits or anatomical differences that increase susceptibility). Each category influences the likelihood of infection
in different ways (Sedhain et al., 2019). Urinary tract infections (UTIs) are most commonly caused by bacterial
pathogens, the most common of which is Escherichia coli (E. coli). Between 70 and 90 percent of simple UTIs
are caused by E. coli because of its ability to stick to uroepithelial cells via specific virulence factors, including
hemolysins and fimbriae (P and type 1 fimbriae) (Sedhain et al., 2019). Other Gram-negative bacteria, in
addition to E. coli, are important, especially in nosocomial or complicated UTIs. These include Enterobacter
species, Citrobacter species, Pseudomonas aeruginosa, Proteus mirabilis, and Klebsiella pneumoniae. These
infections often have mechanisms of antibiotic resistance and are associated with underlying comorbidities or
catheter use (Usman Anjum et al., 2016). Gram-positive bacteria can also be involved, albeit less frequently.
Notable examples are Enterococcus faecalis and Staphylococcus saprophyticus, which are commonly isolated
in community-acquired infections, particularly in sexually active females (Kaur & Kaur, 2021; Raj KC et al.,
2023).
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The classification of urinary tract infections (UTIs) can be based on several criteria, including anatomical
location, clinical symptoms, complications, and recurrence. Uncomplicated urinary tract infections (UTIs)
generally occur in otherwise healthy individuals without structural or neurological abnormalities of the
urinary tract. These infections are categorized into lower UTIs (such as cystitis) and upper UTIs (such as
pyelonephritis). Some factors can increase the risk of developing cystitis, including being female, having a
history of UTIs, engaging in sexual activity, the presence of vaginal infections, diabetes, and obesity (Flores-
Mireles et al., 2015). Complicated urinary tract infections (UTIs) are characterized by conditions that impair
the urinary tract or the body's natural defenses. These include urinary obstruction, retention due to neurological
disorders, immunosuppression, kidney failure, renal transplants, pregnancy, and foreign objects such as urinary
stones, indwelling catheters, or other drainage devices (Mares et al., 2024).

Numerous host, behavioral, and clinical factors might impact urinary tract infections (UTIs). While anatomical
or functional problems such as vesicoureteral reflux, nephrolithiasis, urinary obstruction, and neurogenic
bladder predispose to urinary stasis and bacterial colonization, female sex, shorter urethral length, pregnancy,
and postmenopausal hormonal changes also increase susceptibility to urinary stasis and bacterial colonization.
The risk is further increased by behavioral factors such as frequent sexual activity, extended urine retention,
poor perineal hygiene, and inadequate hydration. Host defenses are further weakened by comorbid conditions
such as diabetes mellitus, immunosuppression, and chronic renal disease. Indwelling urinary catheters, frequent
urinary instrumentation, recent urological procedures, and prior antibiotic exposure all play major roles in the
development and recurrence of UTIs in hospital settings, especially when multidrug-resistant uropathogens
are involved (Swamy et al., 2020).

W

. Methodology

a. Ethical Approval

The Institutional Review Committee (IRC) of Kathmandu Medical College in Kathmandu, Nepal, granted
ethical permission for this investigation. The Declaration of Helsinki was followed in conducting the
study. Before collecting a urine sample, each subject gave their informed consent. All information was
anonymized prior to analysis, and patient anonymity was scrupulously upheld.

b. Study Design

A cross-sectional, laboratory-based study was conducted among patients attending Kathmandu Medical
College Public Limited in Sinamangal, Kathmandu, Nepal. Patients clinically suspected of urinary tract
infection (UTI) by attending clinicians were referred to the microbiology laboratory for confirmation. All
eligible urine samples received from January 2025 to February 2025 were consecutively included. A total
of 151 midstream urine samples were processed. Demographic information, clinical characteristics, and
relevant patient history were recorded using a structured form.

¢. Study Environment

The tertiary care facility at Kathmandu Medical College Public Limited is situated in Kathmandu, Bagmati
Province. Patients from both urban and rural locations can receive a wide range of outpatient, inpatient,
surgical, and diagnostic services from the hospital. Urine samples were collected from Kathmandu Medical
College Public Limited and sent to the Microbiology Laboratory at Himalayan White House International
College for culture, biochemical identification, and antibiotic susceptibility testing.

d. Study Population and Sampling Technique

Patients who were clinically recommended to have a urine culture and who presented with symptoms
suggestive of a UTI were included. Urine samples from midstream clean catches that satisfied the quality
standards were enrolled one after the other. Samples that were not properly labeled or collected, as well as
those that lacked demographic information, were not included.

e. Collection of Specimens

In sterile, wide-mouthed, leak-proof receptacles already filled with boric acid, participants were instructed
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to collect 10-20 mL of clean-catch midstream urine (CC-MSU). Samples were quickly sent to the
microbiology lab after being labeled with the patient's details, date, and time.

Macroscopic, Chemical, and Microscopic Examination

The color, clarity, and appearance of urine samples were assessed. Standard methods were used to conduct
chemical analyses for protein, glucose, and pH. Ten milliliters of urine were centrifuged at 3000 rpm for 10
minutes to evaluate the sediment for WBCs, RBCs, and epithelial cells at 40X magnification.

Culture and Bacterial Isolation

Using a semi-quantitative streaking method, a loopful of urine was inoculated onto MacConkey and blood
agar plates. For 24-48 hours, plates were aerobically incubated at 37°C. Significant growths of >10°
colony-forming units (CFU)/mL underwent further processing.

. Identification of Isolates

Bacterial isolates were identified based on colony morphology, Gram staining, and biochemical tests. Pure
cultures were prepared on nutrient agar before performing catalase, oxidase, IMViC tests, motility, gas
production, and hydrogen sulfide tests.

Antibiotic Susceptibility Testing

The Kirby-Bauer disk diffusion method was used to test antibiotic susceptibility on Mueller-Hinton agar in
accordance with CLSI standards (2023). The McFarland turbidity of bacterial suspensions was set at 0.5.

Inhibition zones were determined and classified as sensitive, intermediate, or resistant after plates were
incubated at 37°C for 18 to 24 hours.

Multidrug Resistance Analysis

Multidrug resistance (MDR) analysis was performed using antibiotic susceptibility data from 51
uropathogenic isolates. Isolates were classified as multidrug-resistant if resistance to at least one
antimicrobial agent in three or more antibiotic classes was observed. Resistance patterns across various
antimicrobial classes were analyzed to determine the distribution of MDR among Gram-negative and
Gram-positive bacteria.

. Quality Control

Laboratory equipment, including incubators, refrigerators, and autoclaves, was routinely monitored. Media
sterility was checked using control plates. Reagents and antibiotic discs were inspected for expiry and

Data Analysis

Data were analyzed using Microsoft Excel 2019 and GraphPad Prism 10.0. Statistical significance was
determined using the chi-square test and Fisher's exact test, with p < 0.05 considered significant.

. Results

a. Urine culture outcomes

20

During the study period, 151 urine samples were analyzed. 51 (33.77%) of the samples revealed considerable
bacterial growth, confirming a urinary tract infection, while 100 (66.23%) showed no growth. While 40
out of 100 female participants (40%) were culture positive, 11 out of 51 male participants (21.57%) tested
positive, suggesting a higher prevalence of UTIs among females.

. Distribution of Significant Bacteriuria by Gender

Of the 51 samples that tested positive on culture, 11 (21.57%) were from male patients and 40 (78.43%)
from female patients. Within their respective gender categories, 21.57% of males and 40% of females
had significant bacteriuria of >10° colony-forming units (CFU)/mL. Gender and UTI prevalence were
significantly correlated with the higher incidence of UTIs among females (X*=4.34,P=0.037 <0.05). This
demonstrates that women are more prone to urinary tract infections due to physiological and anatomical
variables (Table 1).
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Table 1: Distribution of Significant Bacteriuria by Gender

Gender Significant | No Growth Total % With- % Within | % Within
Bacteriuria (Count) (Count) in Gender | Gender (No | Gender
(Count) (Significant Growth) (Total)
Bacteriuria)
Male 11 40 51 21.57% 78.43% 100.0%
Female 40 60 100 40.00% 60.00% 100.0%
Total 51 100 151 33.77% 66.23% 100.0%

c. Bacterial Growth Cross-Age Group
The 21-30 age group had the greatest number of infections (12 cases, 23.53%) among the culture-positive
cases (n = 51), followed by the 3140 age group (9 cases, 17.65%). The age groups of 11-20 and 41-50
showed very little development (2 cases each, 3.92%). Patients aged 0-10 and 71-80 did not exhibit any
bacterial growth. In every age group, most cases were female, except in the 61-70 age group, where males
had a slightly higher incidence (Table 2).

Table 2 : Bacterial Growth Cross-Age Group

Age Male Female Total Percent of | Percent of |Percent of Total

Group (Count) (Count) (Count) (Male) (Female) (Overall)
0-10 0 0 0 0.00% 0.00% 0.00%
11-20 0 1 1 0.00% 2.50% 2.00%
21-30 2 10 12 3.92% 25.00% 23.53%
31-40 2 7 9 3.92% 17.50% 17.65%
41-50 2 5 7 3.92% 12.50% 13.73%
51-60 1 5 6 1.96% 12.50% 11.76%
61-70 2 1 3 3.92% 2.50% 5.88%
71-80 0 0 0 0.00% 0.00% 0.00%
Total 11 40 51 21.57% 78.43% 100.00%

d. Prevalence of Bacterial Isolates

Escherichia coli emerged as the predominant uropathogen, responsible for 33.33% of infections. This was
followed by Pseudomonas aeruginosa (17.64%), Klebsiella pneumoniae, and Shigella spp. (both 13.70%).
Other isolates included Enterobacter spp. (7.80%), Proteus spp. (7.80%), and Enterococcus spp. (5.88%).
This distribution reflects a diverse range of uropathogens with varying pathogenic potential (Table 3).

Table 3 : Prevalence of Bacterial Isolates

Bacteria Total Isolates Prevalence (%)
Escherichia coli 17 33.33%
Pseudomonas aeruginosa 9 17.64%
Klebsiella pneumoniae 7 13.70%
Shigella spp. 7 13.70%
Enterobacter spp. 4 7.80%
Proteus spp. 4 7.80%
Enterococcus spp. 3 5.88%
Total 51 100%
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Figure 1: illustrates the distribution of uropathogenic bacteria isolated from culture-positive urine
samples. Escherichia coli was the dominant pathogen, accounting for 33.33% of total isolates. This was
followed by Pseudomonas aeruginosa (17.64%) and Klebsiella pneumoniae (13.70%). Other organisms

such as Shigella spp., Enterobacter spp., Proteus spp., and Enterococcus spp. were isolated in smaller

proportions, indicating a diverse etiological profile of UTIs

e. Antibiotic Susceptibility Pattern

The antibiotic susceptibility profile of the uropathogenic isolates revealed varied resistance patterns across
the tested agents. Notably, Amikacin (A) and Piperacillin-Tazobactam (D) exhibited the highest efficacy,
with susceptibility rates of 70.0% in E. coli, 75.0% in Pseudomonas spp., and 66.7% across Klebsiella
spp., Enterobacter spp., Shigella spp., and Proteus spp. Conversely, Ceftazidime (B) and Cefaclor (H)
demonstrated the lowest effectiveness, with Enterobacter spp., Proteus spp., and Enterococcus spp. showing
100% resistance to Ceftazidime, and Enterococcus spp, and showing complete resistance to Cefaclor as well.

Shigella spp. and Enterococcus spp. were among the most resistant pathogens, with Enterococcus showing
0% sensitivity to Ceftazidime (B), Nalidixic Acid (C), and Cefaclor. Chloramphenicol (E) and Neomycin
(F) exhibited moderate effectiveness across most isolates, while Streptomycin (G) maintained a consistent
susceptibility rate of 60-70% in the majority of Gram-negative isolates(Table 4)

Table 4: Antibiotic susceptibility profiles of E. coli, Klebsiella, Pseudomonas, Enterobacter, Shigella,
Proteus, and Enterococcus isolates from urinary tract infections

Code | E. coli S/IR | Klebsiella | Pseudomonas | Enterobacter | Shigella | Proteus | Enterococ-
(%) spp- S/R | spp. S/R (%) | spp- S/R (%) | spp- Spp. cus spp.
(%) S/R (%) | S'IR (%) | S/R (%)
A 70.0/30.0 66.7/33.3 |75.0/25.0 66.7/33.3 66.7/ 66.7/ 33.3/66.7
333 333
B 15.0/85.0 33.3/66.7 |20.0/80.0 0.0/100.0 16.7/ 0.0/ 0.0/100.0
83.3 100.0
C 60.0/40.0 66.7/33.3 |60.0/40.0 50.0/50.0 16.7/ 0.0/ 0.0/100.0
83.3 100.0
D 50.0/50.0 66.7/33.3 |70.0/30.0 66.7/33.3 50.0/ 66.7/ 33.3/66.7
50.0 333
E 40.0/60.0 50.0/50.0 |50.0/50.0 33.3/66.7 333/ 333/ 66.7/33.3
66.7 66.7
F 60.0/40.0 66.7/33.3 |60.0/40.0 50.0/50.0 66.7/ 66.7/ 33.3/66.7
333 333
G 60.0/40.0 66.7/33.3 |70.0/30.0 66.7/33.3 66.7/ 66.7/ 33.3/66.7
333 333
H 30.0/70.0 50.0/50.0 |30.0/70.0 33.3/66.7 16.7/ 50.0/ 0.0/100.0
83.3 50.0
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f- Multidrug resistance patterns of Uropathogens

A total of 51 uropathogenic isolates were evaluated for multidrug resistance (MDR), defined as resistance
to at least one antibiotic in three or more different classes. Out of these, 34 isolates (66.7%) were classified
as MDR, indicating a high prevalence of multidrug resistance among the urinary pathogens analyzed.

Among the Gram-negative isolates, MDR was most frequently observed in Escherichia coli, with 13 out
of 17 isolates (76.5%) resistant to multiple antibiotic classes. Klebsiella spp. exhibited MDR in 5 out of
7 isolates (71.4%), while Pseudomonas spp. had 6 of 9 isolates (66.7%) showing multidrug resistance.
Shigella spp. and Enterobacter spp. demonstrated moderate MDR prevalence, with 4/7 (57.1%) and
2/4 (50.0%) isolates classified as MDR, respectively. Among Gram-positive isolates, Enterococcus spp.
showed a lower MDR rate, with only 1 out of 3 isolates (33.3%) exhibiting multidrug resistance.

The MDR patterns were predominantly associated with resistance to [3-lactams, aminoglycosides, and
fluoroquinolones, indicating that commonly used first-line antibiotics may be ineffective against a
substantial portion of these uropathogens.

Table 5: MDR distribution by species

Bacterial species No. of Isolates No. of MDR MDR %
isolates
E.coli 17 13 76.5
Pseudomonas spp. 9 6 66.7
Kilebsiella spp. 7 5 71.4
Shigella spp. 7 4 57.1
Enterobacter spp. 4 2 50.0
Proteus spp. 4 3 75.0
Enterococcus spp. 3 1 333
Total 51 34 66.7

g. Urine Microscopy and Pus Cell Distribution

There was a strong correlation between UTI positivity and higher pus cell counts. The 3-5 (35.29%) and
6-8 (25.49%) pus cells/HPF categories accounted for the bulk of culture-positive samples, whereas the
0-2,9-

-11, and 12-14 groups showed fewer cases. This pattern highlights the significance of pyuria as a supportive
signal for UTI, as it is typically associated with a higher likelihood of bacterial growth.

Variations in Pus Cell Count Among UTI-
Confirmed Patients

20 40.00%
8 15 30.00%
-.2 10 20.00%
:% 5 10.00%
£ 9 0.00%

NoH D x

N
< N
NN

Number of Positive Cases

Percentage of Positive Cases (%)

Pus Cells

Figure 2 shows the distribution of pus cells per high-power field (HPF) in culture-positive urine
samples. Most positive samples were associated with pus cell counts of 3-5/HPF (35.29%) and
6—8/HPF (25.49%). Fewer positive cultures were observed in samples with very low (0-2/HPF) or
very high (>9/HPF) pus cell counts. This finding indicates that moderate pyuria is more commonly
associated with significant bacteriuria, supporting the diagnostic value of urine microscopy.
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h. Association between smoking status and urinary tract infection

A total of 151 participants were included in the study. The prevalence of urinary tract infection (UTI) was
evaluated in relation to selected lifestyle factors. Smoking status was analyzed as a lifestyle factor to assess
its association with UTI prevalence. Among 48 smokers, 37 (77.1%) were diagnosed with UTI, while 11
(22.9%) were UTI-negative. In contrast, among 103 non-smokers, 40 (38.8%) had a UTI and 63 (61.2%)
did not.

Fisher’s exact test demonstrated no statistically significant association between smoking status and the
occurrence of UTI (p =0.12)

Distribution of UTl Cases by Smoking Habit
120
100
80

100
63
60 51
40 37 -
20 M I
0

Smoker Nonsmoker Total
Culture Postive ~ m Culture Negative

Figure 4 Presents the distribution of UTI cases based on smoking habits. Among smokers, 22.92%
had significant bacteriuria, whereas 38.83% of non-smokers were culture-positive. Statistical
analysis revealed no significant association between smoking and UTI occurrence (P = 0.12),

indicating that smoking did not significantly influence UTI prevalence in the study population.

5. Discussion

The prevalence of urinary tract infections (UTIs) in the current study was 33.77%, which aligns with earlier
reports from Nepal and other South Asian countries, where prevalence ranged from 23% to 37% (Kaur &
Kaur, 2021). This indicates that UTIs remain a major public health concern in both hospital and community
settings.

Demographic analysis revealed a significantly higher infection rate among females (40%) than among males
(21.57%). This disparity is largely due to anatomical and hormonal factors that make females more susceptible
to bacterial colonization, a trend well-documented worldwide (Chu & Lowder, 2018). Age-specific analysis
showed that individuals aged 21-30 had the highest prevalence, reflecting patterns observed in South Asia and
likely influenced by increased sexual activity, reproductive health factors, and lifestyle behaviors during this
period (Foxman, 2014).

Microbiological examination demonstrated that Escherichia coli was the predominant pathogen, consistent
with global observations, where E. coli remains the leading cause of UTIs due to virulence factors such as
adhesins, fimbriae, and biofilm formation (Flores-Mireles et al., 2015). Less common pathogens, including
Pseudomonas aeruginosa and Shigella spp., were also identified. Their presence may indicate hospital-
acquired infections or environmental contamination, highlighting the need for stringent infection control
practices (Ronald, 2002).

Antimicrobial susceptibility testing revealed that amikacin and piperacillin-tazobactam retained high efficacy,
whereas older-generation antibiotics such as ceftazidime and nalidixic acid showed significant resistance. This
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pattern reflects global trends of increasing antimicrobial resistance and underscores the necessity of judicious
antibiotic use, frequent surveillance, and updating treatment guidelines based on regional resistance profiles
(Yildirim et al., 2025; Esposito et al., 2022; Mlugu et al., 2023; Raj KC et al., 2023). The rise of multidrug-
resistant organisms presents a significant public health threat, emphasizing the importance of antimicrobial
stewardship programs. The high prevalence of multidrug resistance observed in this study aligns with
reports from other regions, where uropathogenic bacteria show widespread resistance to multiple antibiotic
classes, significantly limiting effective treatment options and underscoring the urgent need for antimicrobial
stewardship. Similar studies have documented MDR rates exceeding 65% among uropathogens and highlighted
resistance to firstline agents such as Blactams and fluoroquinolones, necessitating reevaluation of empirical
therapy protocols. These findings emphasize the importance of regular surveillance and optimized antibiotic
policies to contain the spread of MDR organisms (Chowdhury et al., 2024).

Lifestyle factors such as smoking did not show a significant correlation with UTI incidence, consistent with
previous studies suggesting that smoking may not directly influence UTI occurrence (Rabaeus et al., 2013).
Other factors that can contribute to UTIs include poor hygiene, diabetes, urinary catheterization, pregnancy,
and prior history of UTIs, all of which can increase susceptibility to infection.

Interestingly, although a substantial correlation was observed between pyuria (presence of pus cells in urine)
and UTTI, high pyuria levels did not always correspond to culture positivity. This discrepancy may be explained
by sterile inflammation, prior antibiotic use suppressing bacterial growth, fastidious organisms not detected
on routine culture, or contamination during sample collection (Chu & Lowder, 2018). Therefore, while pyuria
is a useful early diagnostic marker, it should be interpreted alongside clinical findings and culture results to
ensure an accurate diagnosis.

6. Conclusion

This study provides insight into the prevalence, etiological agents, and patterns of antibiotic resistance in
urinary tract infections among patients at Kathmandu Medical College Public Limited. The overall prevalence
was found to be 33.77%, with females, especially those in the reproductive age groups, having much higher
rates of UTIs. Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Shigella species
remained the most common uropathogens, indicating a wide range of bacterial agents that cause UTIs.
Amikacin and Piperacillin-Tazobactam demonstrated the highest efficacy across key isolates, whereas the
antibiotic susceptibility study revealed substantial resistance to frequently administered antibiotics, including
Ceftazidime, Cefaclor, and Nalidixic Acid. These results underscore the need for evidence-based, pathogen-
specific treatment approaches and highlight the growing problem of antibiotic resistance.

All things considered, this study emphasizes the importance of routine urine culture and sensitivity testing for
accurate diagnosis and appropriate antibiotic selection. To reduce the prevalence of UTIs and stop the spread
of antibiotic resistance in Nepal, ongoing surveillance, prudent antibiotic use, and public health education are
crucial.

7. Limitation and Direction of Study

Due to its small sample size and concentration on a single tertiary care facility, this study may not accurately
reflect Nepal's overall population. Advanced molecular approaches to identify resistance genes were not
used; instead, laboratory tests were limited to culture and biochemical identification. The observed patterns
of infection and resistance may have been influenced by insufficient evaluation of clinical data, including
comorbidities, prior antibiotic exposure, and specific lifestyle factors. To increase generalizability, larger
and more varied patient populations from various healthcare facilities should be included in future research.
The mechanisms of antibiotic resistance could be better understood by incorporating molecular diagnostic
techniques. Furthermore, assessing clinical, behavioral, and environmental risk variables may help identify
predictors of UTI occurrence and guide more focused prevention and management strategies.
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Abstract

This study investigates the impact of dividend payout ratio and dividend
vield on the market price of shares (MPS) of Nepalese commercial
banks. It aims to provide insights into how dividend practices and
organizational scale influence market valuation in the Nepalese financial
sector. A descriptive and explanatory research design was adopted under
a quantitative approach with a positivist philosophy. The population
comprised all 19 commercial banks listed on the Nepal Stock Exchange
(NEPSE) over the ten years from 2015 to 2024. A census approach
yielded 190 observations, of which 179 were retained after outlier
diagnostics using standardized deleted residuals, Cook's distance, and
leverage values. Secondary data were collected from commercial banks’
annual reports and the NEPSE website. Data analysis was conducted
using IBM SPSS Statistics, employing descriptive statistics, correlation,
and multiple regression.

The results show that the dividend payout ratio has a positive and
significant effect on share price, consistent with dividend relevance
theory. Conversely, dividend yield has a negative and significant impact,
indicating that higher yields may signal weaker growth prospects. Firm
size, measured by total assets, also negatively influences share price,
suggesting a valuation discount for larger banks. Collectively, the
predictors explain 49.5% of the variance in share price. The findings
guide investors in assessing dividend distributions and managers in
balancing shareholder returns with retained earnings. Policymakers
should enhance transparency and efficiency to address valuation
disparities among larger banks.

This study contributes empirical evidence from Nepal, an emerging-
market context, by combining dividend distribution and firm size to
explain share price behavior.

Keywords: Dividend payout ratio; Dividend yield ratio; Firm size;
Market price of a share
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1. Introduction

Market price of a share (MPS) is used to show the value that investors place on a company's stock and is also
an important indicator of financial results, investor perception, and their expectations about the company
(Damodaran, 2012). Among the numerous variables affecting the share price, the dividend policy is an
important determinant, as it reflects the firm's profitability, stability, and growth prospects (Bhattacharya,
1979; Gordon, 1959). Cash dividends paid to sharecholders may improve investor confidence and, in turn,
generate long-term investment, which can boost the market price of shares. The dividend payout ratio and the
dividend yield are widely applied to measure the dividend policy. Empirical evidence indicates a positive and
significant correlation between such ratios and share prices for commercial banks in Nepal across different
business environments (Kandel & Timilsina, 2024; Joshi et al., 2024). Besides the dividend policy, the size of
the firm, usually gauged by total assets or market capitalization, is also a key determinant of the share price.
Compared with smaller ones, larger ones imply greater financial stability, reduced risk, and higher growth,
which attract consumers (Ramadhani et al., 2024). The interaction between the effects of dividends and firm
size on share prices is of extreme significance in Nepal, where commercial banks dominate the stock market
and have a strong impact on the financial market. The study of such effects can provide useful insights for
investors, managers, and policymakers on valuing shares, making investment decisions, and assessing market
efficiency. To this end, this paper aims to address the following research question: How do dividends and
firm size affect the market price of shares of the Nepalese commercial banks? The objectives are to study the
correlation between the dividend payout ratio and share price, test the role of dividend yield on share price,
study the impact of firm size on share price, and analyze the overall impact of dividend metrics and firm size
on share price in Nepal's commercial banks.

2. Review of Literature

A firm’s market price of share (MPS) is theoretically anchored in discounted cash-flow logic, where dividends
are a key cash return to equity holders; hence, a higher and more stable dividend payout ratio (DPR) can raise
perceived cash-flow certainty and valuation under the Gordon framework and dividend-smoothing behavior
(Gordon, 1959; Lintner, 1956). Beyond pure valuation mechanics, dividend policy may convey private
information: managers use dividend changes as credible signals about sustainable earnings, so a higher DP
Ratio can reduce information asymmetry and support higher prices when markets view the signal as costly
to mimic (Bhattacharya, 1979). Still, classic irrelevance arguments remind us that in frictionless markets, the
per-share payout should not affect the price, so any positive relation arises from taxes, clientele, signaling, or
investor demand (Miller & Modigliani, 1961; Litzenberger & Ramaswamy, 1979; Baker & Wurgler, 2004).
DY Ratio embeds the market’s required return—holding expected dividends constant; a lower required
return raises the price and lowers the observed yield, while unusually high yields may reflect risk discounting
(Gordon, 1959; Damodaran, 2012). Firm size (total assets) influences MPS via risk, liquidity, and information
channels: larger firms tend to enjoy better disclosure, broader investor recognition, and lower trading frictions,
which lower expected returns and support higher valuations for given cash flows (Merton, 1987; Amihud &
Mendelson, 1986).

Empirical Review and Hypothesis Development
Market Price of a Share

Ramadhani et al. (2024) found that firm size and dividend yield significantly influence stock prices in
Indonesia’s pharmaceutical sector. In Nepal, Kandel and Timilsina (2024) reported dividend per share (DPS)
as the strongest predictor of share price, with earnings per share (EPS) also significant, while Joshi et al. (2024)
confirmed positive effects of DPS, EPS, and P/E ratio. Conversely, Pandey et al. (2024) observed that EPS
and P/E dominate, whereas DPS and book value have minimal impact, showing context-specific differences.
Dahal et al. (2024) investigate even more general determinants of share prices in the Nepalese market, likely
including size and dividend ratios. On the whole, there is evidence that dividends and firm size are important
in most situations, whereas earnings and valuation ratios remain important as well. Although the payout policy

Volume 1, Issue 1, May 2026 &4




Journal of Interdisciplinary Engineering, Technology and Management (JIETM)

influences how investors view a company, the main underlying factors driving share prices across widely
varying contexts are profitability and valuation measures. Payout policies can only have secondary effects.

Dividend Payout Ratio (DP Ratio)

The dividend payout ratio (DPR) is defined as DPS / EPS or total dividends / net income over a period of
time. There is generally a positive relationship between DPR and the market price of a share (MPS), but
this relationship varies by context. For instance, a study on Pakistan’s stock market found that higher DPR
significantly increases share prices, supporting dividend relevance theories (Munir et al., 2024). Similarly,
South Asian evidence indicates that companies that pay higher dividends attract investors and exhibit better
price performance, consistent with signaling and clientele effects (Arshad et al., 2021). Nonetheless, a study
conducted by the Dar es Salaam Stock Exchange found that local tax systems, investor preferences, and growth
opportunities may offset the effects on dividends (Msonde, 2021). Indian data on large-cap stock companies
also partially support the notion that dividend policy variables, including DPR, have a significant effect on
stock prices; however, this effect is sensitive to model specifications and control variables, including EPS and
the retention ratio. The larger cross-market syntheses also suggest that, although DPR is generally positively
related to share prices, the relationship is weaker when fundamentals such as profitability, leverage, and firm
size are considered, indicating the problem of endogeneity and reverse causality (Pertiwi & Wiagustini, 2020).
In general, there are indications that DPR may be a significant determinant of market prices by channeling
signaling and investor preference information, but with a highly context-dependent effect and subject to
methodological problems.

e H,: Dividend payout ratio significantly impacts the market price of a share
Dividend Yield Ratio

The dividend yield ratio (DYR), which is the annual dividend per share divided by the current price per
share, indicates the income investors will receive relative to the stock's price. There is mixed evidence in the
literature of the influence of dividend yield on the market price of a share (MPS) through empirical studies.
Ramadhani et al. (2024) studied Indonesian pharmaceutical firms and found a positive, significant correlation
between dividend yield and share price, indicating that high dividend yields increase investor confidence
and demand. Equally, Kandel and Timilsina (2024) have noted that dividend yield, in addition to dividend
per share, is a powerful predictor of stock prices in Nepal's banking industry. This trend was validated by
Joshi et al. (2024), who observed that dividend-related variables, such as yield, are important in valuing
commercial bank shares. Nevertheless, the study by Pandey et al. (2024) indicates that, although EPS and P/E
ratios prevail, dividend yield has a low or insignificant impact on price, suggesting that fundamental earnings
can outweigh payout ratios in certain markets. Also, as noted in cross-market research, such as Arshad et al.
(2021), the effect of dividend yield varies by context, being more pronounced in markets where investors value
cash-flow consistency. Generally, there is evidence that dividend yield tends to have a positive correlation with
stock price by the signaling hypothesis and the theory of income preference. However, its impact on stock
price is not consistent across investor behavior, tax regimes, and firm profitability.

e H,: The dividend yield ratio significantly impacts the market price of a share
Firm size

The size of the firm, as frequently measured by total assets or market capitalization, is often thought to be a
principal determinant of the market price of a share (MPS), since larger firms tend to indicate greater stability
and reduced investment risk. Ramadhani et al. (2024) observed that firm size has a positive and significant
impact on stock prices among drug firms in Indonesia, suggesting that investors associate size with growth
prospects and financial capability. Similarly, Kandel and Timilsina (2024) reported that in Nepal’s banking
sector, larger firms tend to command higher share prices, supporting the argument that size enhances investor
confidence. In contrast, the team of Pandey et al. (2024) noted that firm size did not significantly add to the
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explanatory power of earnings and valuation ratios and was therefore of limited usefulness in predicting these
factors in specific circumstances. In their findings, Joshi et al. (2024) reported a mild relationship between
stock prices and size, suggesting that the effect of profits may supersede structural signals such as size on
market prices. Moreover, the results of Dahal et al. (2024) indicated that although firm size can be considered
a determinant of stock price, it is usually surrogated by other factors, such as leverage and dividend policy.
On the whole, although most evidence suggests a positive relationship between firm size and share price, the
extent of this influence varies across markets and industries.

e H,: Firm size significantly impacts the market price of a share

3. Research Methodology

This paper used a descriptive and explanatory research design to address the research objectives. A descriptive
design was used to summarize and present the data. In contrast, the experimental design, an experiment on
the ot, her hand, tested the cause-and-effect relationships between dividend policy, firm size, and market price
per share (MPS). A quantitative research method was chosen because the study relied on quantitative data
and statistical evaluation to test the hypotheses, and the positivist philosophy was used, as it presupposes that
reality is observable and measurable (Creswell & Creswell, 2018; Saunders et al., 2019). The study population
comprised all 19 commercial banks listed on the Nepal Stock Exchange (NEPSE). Since the population was
manageable in size, a census approach was used, covering 10 fiscal years from 2015 to 2024, yielding 190
bank-year observations. However, after applying regression diagnostics to identify outliers and influential

cases, 11 observations were excluded, leaving 179 valid cases for analysis.

The study relied exclusively on secondary data collected from the official websites of commercial banks
(annual reports and dividend disclosures) and the NEPSE website (historical share prices and corporate action
records). The dependent variable was the market price per share (MPS), which was converted to the natural
logarithm (InMPS) to address skewness. The independent variables denoting dividend policy were the dividend
payout ratio (DP ratio), defined as cash dividends per share divided by earnings per share, and the dividend
yield (DY ratio), defined as cash dividends per share divided by the market price per share. Firm size, used as

a control variable, was measured as the natural logarithm of total assets (InTA).

The analysis was done using IBM SPSS Statistics. This began with descriptive statistics, including the mean,
minimum, maximum, and standard deviation, and then correlations were computed to assess the magnitude
and direction of associations among the variables. A multiple regression was then used to test the concentrated
effects of dividend policy and firm size on share price, with the model's topology evaluated using R, R2,
adjusted R2, and ANOVA. Regression assumptions were carefully examined to verify the soundness of the
results. Tests of normality of residuals were conducted using histograms and parallel lines in normal probability
plots, and scatterplots were used to test linearity and homoscedasticity. The impact of multicollinearity was
assessed using the Variance Inflation Factor (VIF), which was below 10 in all cases, indicating no danger of
multicollinearity (Hair et al., 2019). Standardized deleted residuals threshold value = +/-(3), Cook's distance
cut-off value = 1.0, and centered leverage values benchmark = 2(k+1)/n were used to diagnose outliers and
influential observations. Those that exceeded these limits were removed, leaving only 179 cases in the final
analysis (Field, 2018; Hair et al., 2019).

4. Results

Statistical techniques for descriptive analysis involve summarizing raw statistics and organizing concepts into
meaningful patterns using measures such as the mean, median, standard deviation, frequency, and percentage
(Gravetter & Wallnau, 2017). It can help researchers get a picture of the overall trends, distributions, and
variability of the data without drawing inferences or making forecasts (Saunders, Lewis, & Thornhill, 2019).
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Table 1: Descriptive Statistics

Variables Minimum Maximum Mean Std. Deviation
MPS Rs 153.70 3600.00 529.24 488.18
DP Ratio % 0.00 296.59 64.45 40.91

DY Ratio % 0.00 9.16 3.35 2.02

TA Rs 37374510826.00 557019891105.00 167585441056.01 98499380835.16
Valid N 179

Table 1 presents the descriptive statistics for the study variables, including the minimum, maximum, mean,
and standard deviation. There was significant variance in the market price per share (MPS), ranging from Rs
153.70 to Rs 3,600.00 (M = 529.24, SD = 488.18). Dividend payout (DP) ratio was ranging between 0.00%
and 296.59% (M = 64.45, SD =40.91), and dividend yield (DY) was between 0.00% and 9.16% (M = 3.35, SD
= 2.02). There were significant differences in firm size, with total assets (TA) ranging from 37,374,510,826.00
to 557,019,891,105.00 (M = 167,585,441,056.01, SD = 98499,380,835.16). The standard deviations of MPS,
DP ratio, and TA are high, indicating wide variation in these variables and implying large differences in market
valuation, dividend policies, and asset bases among the firms. This kind of variation can affect the regression
results, and they need to be interpreted more clearly. Data transformation or other robust statistical methods

could be used to reduce the effect of extreme numbers. On 179 valid observations, all the variables were

grounded.
Correlation Analysis
Table 2: Correlations
InMPS DPRatio DYRatio InTA
InMPS 1
DPRatio 4T72%* 1
DYRatio -0.018 693 %* 1
InTA -371%* -.305%* -.165* 1
** p<.01
* p<.05

The correlation analysis showed that In MPS had a positive and significant relationship with the DP ratio (r
= .47, p <.01), indicating that companies with a high dividend payout are likely to have a high market price
per share. On the other hand, the relationship between InMPS and InTA was negative and significant (r = -.37,
p = .01), indicating that larger firms, in terms of total assets, are associated with a decline in market price per
share. The correlation between InMPS and the dividend yield proportion was not significant, and the value was
negative (r=-.). 02, p > .05, meaning that dividend yield value does not seem to be a significant factor of share
price in this sample. The fact that diligent dividend behavior is positively correlated with share prices also
suggests that dividend policies may shape investors' perceptions of firm value, in line with dividend relevance
theory. The negative correlation between firm size (InTA) and share price could, however, be due, yet again,
to market underpricing of larger firms or to variations in capital structure strategies between larger and smaller
firms. The lack of a meaningful relationship between dividend yield and share price indicates that yield itself
might not be the key factor influencing investors' decisions, and thus the payout level; instead, the percentage

of yield becomes crucial in determining price action in the market.
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Regression Analysis
Table 3: Model Summary
R R Square Adjusted R Square | Std. Error of the Estimate
703 0.495 0.486 0.39685

a Predictors: (Constant), InTA, DYRatio,DPRatio
b Dependent Variable: InMPS

According to the model summary, the predictors rs, DP ratio, DY ratio, and InTA accounted for a significant
percentage of the variance in InMPS. The findings revealed an R value of 0.70, indicating a strong positive
relationship between the predictor set and the dependent variable. The value of R 2 was 0.50, indicating that
about 49.5 percent of the variance in InMPS was accounted for by the predictors, with an adjusted R 2 of 0.49,
indicating the number of predictors in the model. The standard error of the estimate was 0.40, indicating the
average distance between the observed and predicted InMPS values. The relatively high R-squared indicates
that dividend policy variables (DP ratio, DY ratio) and firm size (InTA) explain almost half of the variability in
share prices. Nevertheless, the remaining half of the variance is unexplained, and one might suggest that other
financial, market, or behavioral characteristics may also affect INMPS and warrant consideration in future
studies.

Table 4: ANOVA
Sum of Squares df Mean Square F Sig.
Regression 26.977 3 8.992 57.098 .000
Residual 27.56 175 0.157
Total 54.537 178
a Dependent Variable: InMPS
b Predictors: (Constant), InTA, DY Ratio, DP Ratio

The results of the ANOVA showed that the regression model was statistically significant, F(3, 175) = 57.10,
p <.001. This shows that the three pr, which included the DP ratio, DY ratio, and InTA, collectively accounted
for a considerable amount of variance in InMPS. The fact that the regression sum of squares (26.98) is slightly
smaller than the residual sum of squares (27.56) is another indication that the model explains almost half of the
change in the dependent variable. The very large F-statistic indicates that the model provides an effective general
fit to the data, supporting the inclusion of measures of dividend policy and firm size as significant predictors of
market price per share. Although this model is important, the unexplained variance (27.56) suggests that other
financial, market, or behavioral factors not incorporated into it could also be very important in determining share
price performance.

Table 5 : Coefficients

Unstandardized Coef- | Standardized Coefficients | Collinearity Hypotheses
ficients Statistics
B Std. Error Beta t Sig. VIF
(Constant) 11.116 1.384 8.035 .000
DP Ratio 0.012 0.001 0.853 11.015 | .000 2.075 H,: Supported
DY Ratio -0.178 0.021 -0.645 -8.635 | .000 1.934 H,: Supported
InTA -0.205 0.053 -0.217 -3.844 | .000 1.108 H.: Supported

Table 5 indicates that the regression coefficients were all statistically significant, indicating that the three
predictors, DP ratio, DY ratio, and In TA, had significant effects on In MPS. The positive and significant impact
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of the DP ratio was B =0.012, t(175) = 11.02, p = .001, indicating that In MPS improved by 0.012 units with
the other variables held constant. This means that companies with higher dividend payouts are associated
with higher per-share market prices, thereby validating H1. The effect of DY ratio was not only negative but
also significant, B = -0.178, t(175) = -8.64, p = .001, so an increase in dividend yield by 1 unit will cause a
negative change in InMPS of -0.178. It implies that although the yield percentage is high, firms are likely to
have low share prices, thereby validating H2. The size of firms (InTA) was also significantly negative, B =
-0.205, t(175) = -3.84, p = .001, indicating that a 1-unit increase in firm size (InTA) reduced InMPS by 0.205
units. This implies that large companies will have lower per-share valuations than smaller companies, thereby
substantiating H3. All predictors had a Variance Inflation Factor (VIF) between 1.108 and 2.075, which is
well below 10, indicating no multicollinearity. The positive impact of the DP ratio reveals the significance
of dividend payout policies in amplifying investor confidence and share price growth, a finding supported
by dividend relevance theory. Conversely, the negative impact of the DY ratio suggests that higher yields
may signal weaker growth prospects or lower retained earnings, leading to reduced share prices. Similarly,
the inverse correlation between firm size and share price suggests that larger firms are at risk of valuation
discounts due to lower growth prospects or market inefficiency. Taken together, these results indicate that
dividend policies and firm size are significant determinants of market-based valuation, albeit on opposite
scales.

Table 6: Residuals Statistics

Minimum | Maximum Mean Std. Deviation N

Predicted Value 5.3434 8.6326 6.005 0.3893 179
Std. Predicted Value -1.699 6.75 0 1 179
Standard Error of Predicted Value 0.03 0.226 0.056 0.021 179
Adjusted Predicted Value 5.3266 9.0593 6.0075 0.40525 179
Residual -0.8941 1.09104 0 0.39349 179
Std. Residual -2.253 2.749 0 0.992 179
Stud. Residual -2.738 2.761 -0.003 1.009 179
Deleted Residual -1.3208 1.10012 -0.00252 0.40837 179
Stud. Deleted Residual -2.791 2.815 -0.002 1.015 179
Mahal. Distance 0.05 56.511 2.983 4.69 179
Cook's Distance 0 0.895 0.01 0.067 179
Centered Leverage Value 0 0.317 0.017 0.026 179
a Dependent Variable: InMPS

Table 6 presents the still residuals, which are indicative of outliers, influential cases, and a possible breach of
regression assumptions. The studentized deleted residuals range from -2.791 to 2.815, which falls within the
acceptable limits of -3.0 to +3.0 (Field, 2018), indicating no extreme outliers in the dataset. A value greater
than 3 or less than -3 would normally indicate cases with unusually large residuals that over-influence the
model. Cook’s distance values range from 0 to 0.895, well below the common cut-off value of 1.0 suggested
by Hair et al. (2019) and Field (2018). Cook’s distance measures the influence of each observation on the
regression coefficients; values greater than 1 may indicate that an observation has a disproportionate influence
on the model fit. The absence of such cases here suggests that no single observation is unduly affecting the
regression results. The centered leverage values range from 0.000 to 0.317, remaining below the recommended
threshold of [numerator , 2 open paren cap K plus 1 close paren end numerator , over n or, as a simpler rule of
thumb, below 0.5 (Hair et al., 2019). Leverage measures how far an observation’s predictor values are from the
mean predictor values; higher leverage values indicate potential influence on the regression line. In this case,
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leverage values remain within acceptable limits, suggesting that predictor combinations for individual cases
do not exert excessive influence. Taken together, the diagnostics from studentized deleted residuals, Cook’s
distance, and leverage values indicate that the regression model does not suffer from problematic outliers or
influential cases, and the normality assumption for residuals is not violated to a degree that would threaten the
validity of the model.

Normality Distribution

Histogram Normal PP Plot of Regression Standardized Residual Scatterplot
Dependent Variable: INMPS Dependent Varizble: InMPS Dependent Variable: InMPS
12

Frequency
Expected Cum Prob
o

Regression Standardized Residual Observed Cum Prob Regression Standardized Predicted Value

Normality in regression analysis assumes that the residuals of the regression in the study are normally
distributed, since this underpins hypothesis testing of regression coefficients and the validity of standard errors,
confidence intervals, and p-values (Field, 2018; Hair et al., 2019). Analysis of the regression diagnostics shows
that this assumption was not grossly violated. The standardized residuals histogram shows a roughly bell-
shaped, symmetric distribution with a mean of zero, indicating that the data are not highly non-normal. Normal
P-P also supports this, as most points closely match the straight line representing the cumulative probability of
the normal distribution. There is also no significant deviation of the standardized residuals from the predicted
values in the scatterplot, indicating that the data approached normality. Taken together, the findings indicate
that the data obtained are sufficient to validate the normality assumption for the regression residuals; hence,
inferences can be based on this assumption.

5. Discussion

The results indicate that the dividend payout ratio has a positive and significant effect on the market price of
shares (B=0.012, p <.001), supporting the hypothesis that higher dividend payouts are associated with higher
share prices. This observation is consistent with the dividend relevance theory (Gordon, 1959; Lintner, 1956),
which posits that dividends are positive signals of a firm's profitability and prospects, thereby enhancing
investor confidence. This outcome is supported by empirical evidence: Kandel and Timilsina (2024) found
that Nepalese commercial banks with higher dividend payouts had higher stock prices, and Joshi et al. (2024)
reported a similar positive association in the Nepalese banking sector. Another study by Ramadhani et al.
(2024) indicated that dividend payouts also had a positive impact on the share prices of Indonesian companies.
Importantly, although higher dividend payouts will increase investment, this effect may be offset by firm
earnings, expansion potential, and market liquidity, implying that the impact may not be observed across the
sample of firms (Bhattacharya, 1979). The dividend yield ratio hurt the share price (B =0.178, p =.001). This
implies that the high dividend yield, even though it signals cash returns, will be low due to low retained earnings
and limited growth opportunities, thereby decreasing the market price per share. This is in line with signaling
theory, in which abnormally high yields may indicate the firm's distress rather than its strength (Bhattacharya,
1979). The same outcome is reported in empirical research: Pandey et al. (2024) found high dividend yields
associated with low share prices in certain Nepalese banks, whereas Arshad et al. (2021) found that high
yields were sometimes indicative of low growth potential. Josh et al. (2024) found that dividends are generally
appreciated, but the yield component may negatively affect the price when shareholders expect earnings to
decline. The crucial point to note is that this adverse impact demonstrates the necessity of considering dividend
yield in context; a high yield does not always prove positive, particularly in markets where investors are
more interested in long-term growth than in short-term earnings. The research established that firm size had a
negative and significant impact on the share price (B =-0.205, p=0.001), indicating that large firms, measured
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by total assets, may face a valuation discount reflected in the share price. This contrasts with the traditional view
that larger firms are safer and more highly priced (Ramadhani et al., 2024) but aligns with the pecking order
theory and agency views, which suggest that larger firms may be less growth-oriented or have higher agency
costs, thereby lowering per-share prices. This subtle finding is corroborated by empirical data: both Pandey et
al. (2024) and Joshi et al. (2024) found that there was a negative or non-significant correlation between firm
size and share price in Nepalese banks, and Dahal et al. (2024) also emphasized negative valuation discounts
of large firms because of market inefficiencies. Most importantly, a negative value of firm size indicates that
scale may take a back seat to growth and profitability for the investor. Therefore, it does not necessarily imply
that the larger the firm, the higher the share price. All these results highlight the multifaceted roles of dividend
policy and firm size in determining market valuation. Although an increase in dividend payout has a positive
impact on share value, an increase in the dividend yield and firm size might lead to a negative impact; thus,
the importance of both dividend payout policy and future growth level when assessing equity value. The
findings support the importance of the dividend signaling theory, agency theory, and market perception in the
emarketsg market like Nepal.

6. Conclusion

This analysis shows that dividend payout has a positive influence on the market price of shares (MPS) because
dividend relevance theory indicates that dividend payments provide information about external sources of
profit and enhance investor confidence. Dividend yield, conversely, negatively affects MPS per signaling
theory: the higher the yields, the lower the retained earnings or the attractiveness of growth, thus eroding share
values. Further, all firm sizes showed a negative correlation with share price, implying that large banks might
experience valuation discounts due to lower expansion opportunities or anticipated inefficiencies, consistent
with agency and pecking-order considerations. In sum, it was found that dividend policy and firm size are
major factors in shaping share price in Nepalese commercial banks, but with different directions.

Limitations and Directions for the Study

The results are useful to investors, bank managers, and policymakers. It is best to view a consistent and
reasonable dividend payout as a potentially valuable investment, and a large dividend yield as possibly an
indication of financial stagnation. Bank managers should be advised to use dividend policies that not only
reward shareholders but also retain earnings to grow, thereby elevating their market valuation. Regulators
and policymakers can look to increase transparency, governance, and operational efficiency in larger banks
to reduce potential sources of valuation discounts and create a fair market price. These insights will aid well-
informed investment, corporate orientation, and policy formulation in Nepal's banking sector. Future studies
based on the present one can take into account other aspects that may influence the market price of shares
in Nepalese commercial banks, including per-share price, leverage, liquidity, corporate governance, and
macroeconomic features. Comparative analysis of various methods, sectors, or markets, such as emerging
and developed markets, will provide more insight into whether the observed relationship between dividend
policy, firm size, and share price is the same across them. A longitudinal study observing the evolution of
investor behavior, regulatory systems, and the economic environment would also contribute to understanding
the dynamics of dividend policy returns and firm-specific attributes. Moreover, qualitative studies of investor
perceptions and decision rules can be used in post to quantitative evidence to provide a more comprehensive
picture of market valuation methods and to identify possible moderator or moderating variables that may
contribute to share price formation.
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Abstract

Based on participants’accounts, the growing demand for internationally
recognized business qualifications in Nepal has led to a rapid expansion
of internationally affiliated MBA institutions in Kathmandu; however,
there is limited evidence on the factors influencing participants’ choices
of these institutions in the local context. The present study aims to explore
the determinants shaping MBA participants’selection of internationally
affiliated institutions in Kathmandu. A qualitative research design was
employed using semi-structured interviews with 20 MBA participants
enrolled in internationally affiliated institutions. An interview guide
consisting of open-ended questions on motivations, information sources,
perceived quality, social influence, financial considerations, and
challenges was used. Data were transcribed and analyzed using thematic
analysis, including coding, categorization, and theme development.
The findings show that participants primarily choose internationally
affiliated MBA programs for the perceived international recognition
of degrees, locally accessible global education, practical, modern
curricula, and expectations of improved career prospects. Family
support, peer recommendations, and affordability compared to studying
abroad were also notable contextual influences in the Nepalese setting.
This research implies that institutions should strengthen transparency
regarding degree recognition, emphasize employability outcomes, and
align curricula with industry needs. At the same time, policymakers
should enhance regulation and quality assurance of foreign affiliations.
By situating institution-choice theory in Nepal, this study highlights
context-specific drivers of demand for transnational higher education in
developing-country settings.

Keywords: institution choice, internationally affiliated universities,
MBA students, Kathmandu, college choice, thematic analysis
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1. Introduction

Overall, education plays a vital role not only in shaping individual life opportunities but also in advancing
national development. At the individual level, academic qualifications are closely linked to career prospects
and socioeconomic mobility, as employers often evaluate candidates drawing on academic performance,
institutional reputation, and program quality. In Nepal, many participants aspire to obtain internationally
recognized qualifications to enhance their competitiveness in the global labor market. However, the high
financial cost of overseas education and frequent visa constraints limit access to foreign universities. In this
context, internationally affiliated institutions operating within Nepal have emerged as an accessible alternative,
enabling participants to obtain international degrees locally (Phyak, 2024).

According to participants’ accounts, Nepal’s higher education sector has expanded considerably in recent
years. By 2023, the country had 13 central universities, 4 provincial universities, and 5 medical academies,
encompassing 1,455 campuses, 162 constituent, 539 community, and 754 private institutions (Subedi, 2025).
Alongside this expansion, demand for international academic programs has increased, reflecting participants’
aspirations for globally relevant education and improved employability (Budhathoki, 2013). Consequently,
internationally affiliated university institutions offering Master of Business Administration (MBA) programs
have grown rapidly in Kathmandu.

Notably, despite this growth, limited empirical research has examined the considerations influencing
participants’ choice of internationally affiliated MBA institutions in Nepal. Existing studies on higher
education choice have largely focused on general university selection or international student mobility, with
insufficient attention to participants who pursue foreign degrees within their home country. As a result, there is
a lack of context-specific understanding of the motivations, perceptions, and choice-making considerations of
participants enrolled in internationally affiliated MBA programs in Kathmandu. This knowledge gap constrains
higher education institutions and policymakers in designing strategies and policies aligned with participants’
expectations and the evolving transnational education landscape.

Therefore, this study seeks to address the following research questions:
1. What factors influence students’ choice of foreign-affiliated MBA colleges in Kathmandu?
2. How do these factors shape students’ decision-making processes when selecting such institutions?

In many cases, the present study is significant for several reasons. First, it contributes to the limited literature
on institution choice in Nepal by focusing specifically on participants enrolled in internationally affiliated
MBA programs in Kathmandu. Second, the findings will provide evidence-based insights for higher education
leaders and policymakers to develop student-oriented recruitment and program strategies that reflect learners’
needs and preferences. Third, the study offers practical implications for strengthening the quality and relevance
of higher education in Nepal within an increasingly globalized academic environment.

2. Review of Literature
2.1 College Choice as a Multidimensional Process

Across interviews, college choice is widely recognized as a complex, multifaceted decision shaped by
academic, economic, social, psychological, and institutional factors. Rather than being influenced by
a single determinant, participants typically evaluate a combination of factors when selecting higher
education institutions (Hossler & Gallagher, 1987). College choice research, therefore, emphasizes the
importance of examining diverse influences to capture the full scope of participants’ decision-making
processes.

It was evident that early work conceptualized institution choice as a staged process involving
predisposition, search, and selection phases, each affected by different types of influences (Hossler
& Gallagher, 1987). Later studies further demonstrated that participants’ institutional choices emerge
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from interactions between personal aspirations, family expectations, institutional characteristics, and
broader socio-economic contexts (Perna, 2006). These perspectives support an exploratory approach that
considers multiple potential influences rather than restricting analysis to a predetermined framework.

Academic and Institutional Factors

Overall, a substantial body of research identifies institutional attributes as central to college selection.
Academic reputation, program availability, teaching quality, curriculum relevance, and accreditation
status are consistently reported as major determinants (Briggs, 2006; Maringe, 2006). Students often
associate reputable institutions with stronger career prospects and higher educational standards.

Notably, for postgraduate business education, program specialization and industry relevance are
particularly influential. MBA applicants frequently evaluate curriculum structure, faculty expertise, and
practical learning opportunities such as internships or industry projects (Browne & Kaldenberg, 1997).
The perceived global recognition of qualifications is also notable, especially in internationally affiliated
programs (Wilkins & Huisman, 2013).

Career and Employability Considerations

It was evident that employment prospects and career advancement opportunities are among the most influential
motivations in higher education choices (James et al., 1999). Students tend to prefer institutions that demonstrate
strong graduate employability outcomes, industry linkages, and professional networking opportunities (Maringe
& Carter, 2007).

It was evident that for MBA participants in particular, expected salary growth, managerial career
progression, and international mobility significantly shape institutional choice (Pimpa, 2005). Foreign-
affiliated universities may therefore be attractive because they are perceived as enhancing global career
competitiveness.

Financial Factors

In many cases, cost considerations remain a central influence across contexts. Tuition fees, availability
of scholarships, payment flexibility, and perceived return on investment all affect participants’ choices
(Vrontis et al., 2007). Students often evaluate educational choices in terms of cost—benefit trade-offs,
comparing financial expenditure with anticipated career benefits (Chapman, 1981).

From participants’ accounts, affordability relative to studying abroad is particularly notable in developing-
country contexts. Foreign-affiliated institutions may offer international degrees at lower costs than overseas
study, thereby widening access to global education (Wilkins & Balakrishnan, 2013).

Social and Interpersonal Influences

Notably, family expectations, parental guidance, and peer recommendations are consistently identified as
strong influences in university choice (Pimpa, 2005; Maringe, 2006). In collectivist societies, educational
choices often involve family consultation and shared choice-making (Hofstede, 2011).

According to participants’ accounts, parents may influence the type of institution, location, and field of
study, drawing on perceived prestige, safety, or career outcomes. Peer experiences and alums feedback
also shape perceptions of institutional quality and desirability (Briggs, 2006).

Personal and Psychological Factors

Notably, students’ aspirations, interests, self-identity, and perceived fit with institutional culture also
contribute to the choice of institution (Maringe & Gibbs, 2009). Individual motivations, such as a desire
for international exposure, personal development, or status attainment, can guide institutional preferences
(Bourdieu, 1986).

Overall, for postgraduate participants, prior educational experiences and professional goals strongly
influence program selection (James et al., 1999). MBA candidates often seek institutions aligned with
leadership ambitions and entrepreneurial goals.

Volume 1, Issue 1, May 2026



2.7

2.8

2.9

Himalayan Whitehouse International College NEXUS

Location and Accessibility

Overall, geographical proximity, urban environment, campus facilities, and living conditions are additional
practical considerations in institutional selection (Briggs, 2006). Students may prefer institutions located
in major cities due to access to employment opportunities, professional networks, and lifestyle amenities
(Maringe, 2006).

It was evident that in Kathmandu, the concentration of internationally affiliated institutions may increase
accessibility and visibility, thereby shaping student choices.

Information Sources and Marketing Influences

Notably, access to information significantly affects institutional selection. Students rely on multiple
sources, including institutional websites, rankings, promotional materials, alums testimonials, education
fairs, and social media (Maringe & Carter, 2007).

In many cases, marketing communication and brand image also influence perceptions of institutional
quality and attractiveness (Ivy, 2001). Positive institutional branding can therefore strengthen student
preference even before direct experience with the institution.

Perceived International Value of Foreign-Affiliated Institutions

It was evident that foreign-affiliated universities are often perceived as providing internationally
recognized qualifications, modern curricula, and global academic standards (Wilkins & Huisman, 2013).
Students may associate such institutions with better career mobility and opportunities for further study
abroad.

According to participants’ accounts, research on transnational education indicates that they frequently
choose international branch or affiliated campuses to obtain foreign degrees without leaving their home
countries (Wilkins & Balakrishnan, 2013). This perception is especially relevant for postgraduate
business education, where global recognition and professional credibility are highly valued.

2.10 Implications for an Exploratory Approach

Based on participants’ accounts, the literature demonstrates that university choice is influenced by a wide
array of interacting factors rather than by a single predetermined set of variables. Academic, financial,
social, psychological, and contextual elements all contribute to choice-making, and their relative
importance varies across contexts and student groups.

Across interviews, given this multidimensional nature, an exploratory qualitative approach is appropriate
for identifying context-specific influences on MBA participants’ choice of internationally affiliated
institutions in Kathmandu. Such an approach allows themes to emerge from participants’ experiences
rather than restricting analysis to predefined variables, thereby addressing the objectives of the present
study.

3. Research Methodology

3.1

Research Design

Overall, the present study employed a qualitative research design to investigate how participants decide
to enroll in internationally affiliated MBA institutions in Kathmandu. An exploratory qualitative approach
is appropriate when prior research is limited, and the aim is to understand participants’ perspectives,
meanings, and experiences in depth rather than to test predetermined variables.

It was evident that college choices are complex and context-dependent, shaped by multiple academic,
social, economic, and personal influences. Therefore, a qualitative design enables the researcher to capture
nuanced decision-making processes and context-specific considerations that structured quantitative
instruments may not capture.
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Across interviews, data were collected through semi-structured interviews, which allow participants to
describe their experiences and reasoning in their own words while enabling the researcher to probe
emerging issues relevant to the study objectives.

3.2 Participants

The participants were enrolled in internationally affiliated MBA programs in institutions located in
Kathmandu, Nepal. Students were drawn from several institutions across the city to capture diverse
perspectives and experiences.

Notably, participants were selected using purposive sampling, a non-probability sampling technique
commonly used in qualitative research to recruit individuals with direct experience of the phenomenon under
investigation. The inclusion criterion required participants to be currently studying in an internationally
affiliated MBA institution in Kathmandu. The continued until data saturation was reached, that is, when
additional interviews no longer produced new insights or themes relevant to the research questions.

3.3 Data Collection

The data were collected through semi-structured, in-depth interviews to obtain detailed accounts of
participants’ choice-making experiences. Interviews were conducted in Nepali, the participants’ primary
language, to facilitate comfort and authentic expression. All interviews were audio-recorded with
participants’ informed consent.

It was evident that each interview lasted approximately 30—45 minutes and was conducted by the
researcher, who is fluent in both Nepali and English. Conducting interviews in the local language helped
ensure clarity of meaning and minimized linguistic barriers.

Across interviews, an interview guide was developed to explore considerations influencing participants’
choice of internationally affiliated MBA institutions. Topics included academic considerations, career
expectations, financial issues, family and peer influence, media exposure, institutional reputation,
and societal perceptions. The use of open-ended questions allowed participants to elaborate on their
motivations, experiences, and reasoning processes in detail.

3.4 Data Analysis

Overall, the data were analyzed using thematic analysis, a widely used qualitative method for identifying,
analyzing, and reporting patterns within textual data. The analysis followed the six-phase process
proposed by Braun and Clarke (2006):

1. Familiarization : Interview recordings were transcribed verbatim in Nepali and subsequently
translated into English. The researcher repeatedly read the transcripts to gain an overall understanding
of the data.

2. Initial Coding : Meaningful segments of text related to institution choice considerations were labeled
with descriptive codes.

3. Searching for Themes : Related codes were grouped to form preliminary themes representing
recurring influences on participants’ choices.

4. Reviewing Themes : Themes were compared across interviews and refined to ensure internal
coherence and distinctiveness.

5. Defining and Naming Themes : Final themes and subthemes were clearly defined to capture the
essence of participants’ experiences.

6. Reporting : The finalized thematic structure was incorporated into the results section and illustrated
with participant quotations.

Notably, to enhance analytical rigor, coding choices and theme development were discussed among
the research team until consensus was reached. This collaborative process improved consistency and
interpretive validity.
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Trustworthiness

Several strategies were used to ensure the credibility and trustworthiness of the findings. Interviews
were conducted in participants’ native language to preserve meaning. Verbatim transcription and careful
translation helped maintain data accuracy. Repeated reading and systematic coding enhanced analytical
reliability. In addition, collaborative review of themes among researchers reduced individual bias and
strengthened the credibility of interpretations.

4. Results

Across interviews, 20 MBA participants enrolled in an internationally affiliated university in Kathmandu were
interviewed. Data were analyzed using thematic analysis, moving from familiarization and coding to theme
construction and refinement. Themes are presented below.

4.1

4.2

4.3

4.4

4.5

Access to Information and Guidance (most prevalent)

Across interviews, students frequently described how they learned about programs through prior
institutional ties, social media, alum networks, consultancies/agents, and institutional outreach. These
channels shaped early perceptions, shortlisting, and eventual selection.

[llustrative excerpts:
e “...social media... these days, social media is packed with ads and testimonials...”

e “Having completed my undergraduate studies at Pulse College (college name changed), | was already
familiar... and alumni discounts made it practical...”

International Exposure and Recognition

Overall, the promise of an internationally recognized credential, credit mobility/pathways, and global
classroom perspectives strongly motivated choices. Students emphasized the value of a foreign affiliation
and the option of eventual study/placement abroad.

[llustrative excerpts:

e  “I initially planned to go abroad, but realized I could still get international recognition without
leaving Nepal.”

e “A foreign affiliation does not automatically mean quality, so I checked the awarding university and
curriculum first.”

Perceived Academic Quality and Curriculum

Notably, learners valued an up-to-date syllabus, project- and assignment-based assessment, contemporary
teaching methods, and industry-aligned coursework. Several contrasted “modern” curricula with “outdated”
alternatives. lllustrative excerpts:

e “Assignment-based curriculum is favorable to traditional examinations.”
e Overall, “I would rather pay more for the latest tools and updated curriculum than for outdated ones.”
Challenges and Barriers

Overall, participants reported few procedural hurdles in admissions; however, perceived challenges
included sorting reliable information from marketing, weighing social expectations, and ensuring degree
credibility/recognition.

Hllustrative excerpts:

e “The admission process was exceptionally simple and straightforward.”

e “I made sure recognition and awarding university credentials were legit before deciding.”
Employability and Career Outcomes

Notably, anticipated career mobility, placements, industry exposure, and networks factored heavily.
Students linked international curricula and assessment styles to practical skills and employability.
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Illustrative excerpts:
e “Foreign-affiliated programs emphasize practical knowledge and industry connections.”
e “I wanted global perspectives that translate to better career opportunities.”

4.6 Social & Cultural Influences

Overall, parents, close friends, and alums often validated the choices; encouragement
outweighed pressure. Peer examples and family trust in foreign affiliations were common.
Hlustrative excerpts:

e “My parents encouraged me a lot.”
e “... close friends were supportive.”
4.7 Financial Considerations

Overall, cost mattered, but many framed it in value-for-money terms (modern curriculum, recognition,
and outcomes). Scholarships and alumni discounts influenced some choices; others prioritized quality
over price differentials.

lllustrative excerpts:

e “Financial considerations played a role.”

e “...the total cost was far less than going abroad.”
4.8 Accessibility, Location & Process

In many cases, students appreciated local access to international programs, clear eligibility criteria, and
streamlined admissions processes, reducing the need to relocate or navigate visa requirements.

lllustrative excerpts:

e “The process was clear and professionally managed.”

e  “We instantly got registration from the university...”

e “The college is centrally located, and amenities are futuristic...”
5. Discussion

The purpose of this study was to explore the factors influencing participants' choice of internationally affiliated
MBA institutions in Kathmandu. Through thematic analysis of interview data, several key themes emerged:
access to information and guidance; international exposure and recognition; perceived academic quality;
employability and career outcomes; social and cultural influences; financial considerations; and accessibility/
admission processes. These findings resonate with and, in some cases, extend existing literature on higher
education choice.

5.1 Information Sources and Decision-Making

It was evident that a dominant theme was participants’ reliance on social media, alums, and prior
institutional ties when making choices. This aligns with Perna (2006), who emphasizes the role of
information channels in shaping institutional choice, particularly in contexts where participants lack prior
exposure to international options. Similar to findings by Hossler and Gallagher (1987), who highlight
the salience of institutional communication, participants demonstrated how digital platforms and alums
endorsements can shape perceptions and influence final choices. Unlike in some Western contexts, where
guidance counselors play a critical role (Chapman, 1981), peer networks appeared more influential here.

5.2 International Recognition and Academic Quality

The pursuit of internationally recognized degrees was another strong motivator. This corroborates earlier
research by Maringe and Gibbs (2009), which found that global recognition and quality assurance are
decisive in participants’ preference for international programs. For participants, the appeal was not only
global recognition but also the ability to access it locally without the financial and logistical burdens
of studying abroad. The emphasis on curriculum modernity and assignment-based learning reinforces
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Perna’s (2006) argument that participants seek institutions that align with contemporary and practical
approaches to learning. Unlike in studies where participants primarily focused on institutional reputation
(Maringe & Gibbs, 2009), these participants were equally attentive to curriculum design and pedagogy.

5.3 Employability and Career Prospects

Consistent with prior studies of Mazzarol & Soutar (2002), employability outcomes were central in
shaping student choices. Respondents highlighted that international affiliations provided greater
industry exposure, practical skills, and professional networks. This reflects a global trend where higher
education is increasingly evaluated in terms of its return on investment. However, the context shows that
employability is framed not just in terms of local job opportunities but also in relation to international
career mobility, a nuance less pronounced in Western-focused literature.

5.4 Social and Cultural Influences

Across interviews, the role of parents, peers, and alums was evident in legitimizing participants’ choices,
though the influence was more supportive than coercive. This mirrors Chapman’s (1981) model, which
identifies family and peer groups as primary reference points in institution choice. In Nepal’s collectivist
cultural context, such supportive validation may be particularly notable in confirming choices, even
when participants themselves are the primary choice-makers.

5.5 Financial Considerations and Accessibility

Across interviews, although cost was acknowledged, it was often interpreted through a value-for-
money lens, similar to findings by Mazzarol and Soutar (2002), who note that participants weigh tuition
against perceived educational returns. What distinguishes this research is that studying locally in an
internationally affiliated institution was often seen as a cost-effective alternative to international mobility,
especially when scholarships or alumni discounts were available. Accessibility through straightforward
admissions processes and convenient local locations further reduced barriers, echoing Hossler and
Gallagher's (1987) argument that procedural simplicity is a key enabler of choice.

5.6 Contribution to Literature

Overall, the present study both confirms and extends existing frameworks of higher education choice.
While the broad considerations (information, recognition, quality, employability, social influence, and
cost) are consistent with prior studies (Perna, 2006; Hossler & Gallagher, 1987; Mazzarol & Soutar,
2002; Maringe & Gibbs, 2009), the research highlights unique dynamics:

e The centrality of social media and alums networks as choice-shaping tools.
e The dual role of recognition, both as an assurance of quality and as a substitute for overseas study.
e A stronger orientation toward curriculum content and pedagogy, compared to reputation alone.

6. Conclusion

The present study explored the considerations influencing MBA participants’ choices of internationally
affiliated universities in Kathmandu using a qualitative thematic analysis. The findings reveal that the choice-
making process is multifaceted, shaped by a combination of academic, social, financial, and informational
influences.

The most dominant theme was access to information, demonstrating that participants rely heavily on
social media, alums, prior institutional links, and consultancies. Alongside this, international exposure and
recognition emerged as a central motivator, with participants placing significant value on globally recognized
qualifications and the prospect of international pathways. Closely tied to this was the importance of perceived
academic quality, where modern curricula, assignment-based assessment, and practical industry alignment
were viewed as decisive advantages over traditional alternatives.

From participants’ accounts, while employability and career outcomes provided a strong rationale for investing
in these programs, social and cultural influences, especially parental encouragement and peer validation, helped
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legitimize and reinforce participants’ choices. Financial considerations did play a role, but were often framed in
terms of value for money compared to studying abroad, rather than absolute affordability. Finally, participants
consistently emphasized the ease of access and admission processes, while noting that the few challenges they
encountered primarily concerned verifying the credibility and recognition of foreign affiliations.

These findings underscore that choosing an internationally affiliated MBA program in Kathmandu is not a
single-factor choice, but rather the outcome of interconnected influences. Students are balancing aspirations
for international exposure, quality education, and employability with practical realities of cost, location, and
recognition.

The study suggests that success in attracting learners lies in transparent communication of recognition
and quality, active use of digital and alums networks for outreach, continuous curriculum innovation, and
strengthening career support services. For policymakers, the findings highlight the need for clear standards
of recognition, supportive policies for quality assurance, and mechanisms to ensure credibility of foreign
partnerships.

In conclusion, the study contributes to understanding institution choice in the Nepalese context, offering
insights that can help institutions align strategies with participants’ expectations and support the broader
development of higher education in Nepal.
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Abstract

Employee turnover remains a significant and costly issue in the
hospitality industry. Ostracism at work, a subtle but significant
kind of social exclusion, is an essential predictor of intentions to
leave. This study investigates the influence of workplace ostracism
on turnover intentions in the hospitality sector of Lalitpur, focusing
on organizational commitment as a mediating factor and emotional
intelligence as a moderating variable. The study employs Quantitative
research methodologies with a causal research design. Moreover, a
cross-sectional design was employed to collect data from a sample of
262 employees at five government-classified tourist-standard hotels in
Lalitpur.

Workplace ostracism demonstrated a direct and positive effect on
turnover intentions, and organizational commitment partially mediated
this relationship, as indicated by the indirect effect, whereas emotional
intelligence significantly reduced the impact of ostracism. When
employees feel left out at work, they are more likely to think about leaving
their jobs. Organizational commitment can help reduce this risk, but
emotional intelligence does not seem to make a difference. This shows
that companies should focus on building inclusive cultures instead of
relying on individual coping skills. Recognizing employees' efforts helps
build commitment and transparency and reduces feelings of exclusion.
To truly improve workplace dynamics, organizations need to implement
systematic changes alongside encouraging emotional intelligence.

Keywords: Emotional Intelligence, Hospitality Industry, Organizational
Commitment, Turnover Intentions, Workplace Ostracism.
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1. Introduction

The demanding and stressful atmosphere of the hospitality industry makes it less likely for workers to provide
exceptional customer service and encourages thoughts of quitting (Rao & Goel, 2017). Workplace ostracism
is a common yet often hidden form of interpersonal mistreatment that can significantly harm employee well-
being and organizational outcomes (Williams & Nida, 2009). The social rejection or exclusion of an individual
by others in the workplace is known as ostracism, and it poses a significant challenge to basic human needs,
including a sense of control, self-worth, and belonging (Williams, 2001). As of now, many studies indicate
that ostracism is associated with the anterior cingulate cortex, a region linked to physical pain, as determined
by functional magnetic resonance imaging (fMRI) (Einsberger et al., 2003). Research has linked workplace
ostracism to psychological distress, reduced work engagement, and turnover intentions among employees
(Ferris et al., 2008). This silent but widespread problem is frequently overlooked because it takes the form of
subtle acts of exclusion, such as dismissing colleagues’ opinions in meetings or excluding them from social
situations, rather than overt disagreement. These actions produce a toxic atmosphere that hinders cooperation
and output (O’Reilly & Robinson, 2009). Furthermore, the mediating element between attitudes that influence
intent to leave and actual departure from an organization is known as turnover intention (Glissmeyer et al.,
2008). According to reports, firms with engaged employees are 21% more productive, 22% more lucrative, and
have much lower turnover rates. However, internationally, just 13% of employees feel engaged (Hoisington,
2019).

The concept of organizational commitment can be illustrated by how an employee sacrifices their personal
interests for the benefit of the company, as well as by how the company treats its employees when an individual
connects with and contributes more to achieving organizational objectives. Three distinct approaches to
organizational commitment are distinguished: affective, continuance, and normative commitment. Employees
who are ostracized exhibit poorer citizenship behavior, which in turn leads to lower levels of commitment
(Leung et al., 2011). Ostracism must therefore prove to be a concerning situation for the companies. According
to conservation resource (COR) theory, employees’ physical and emotional resources are depleted when they
experience ostracism, thereby further affecting work-related outcomes such as organizational commitment.
The term ‘emotional intelligence’ refers to a range of competencies, including the capacity to recognize and
manage one’s own emotions as well as others’ (Mayer & Salovey, 1997). Employees with high emotional
intelligence and a positive outlook on life are more likely to manage their emotions effectively and be less
susceptible to professional ostracism. (Zhang et al.,2017).

As a result, workplace ostracism, although subtle and often unrecognized, can have a profound impact on
individuals, making them feel alienated and undervalued. Over time, these experiences contribute to higher
turnover intentions, making it more challenging for organizations to retain talented employees and foster a
positive workplace culture (Anasori et al., 2020).

The study reveals the mechanism by which workplace ostracism affects turnover intentions, focusing on the
role of organizational commitment and the potential protective effects of emotional intelligence. The goal is
to offer practical insights that help organizations address this silent but impactful problem and build stronger,
more engaged teams.

Literature Review and Hypothesis Development

Workplace Ostracism, a subtle yet harmful form of interpersonal mistreatment, has gained increasing attention
in organizational research due to its significant impact on employee well-being and performance (Williams
& Nida, 2009). Researchers using functional magnetic resonance imaging (FMRI) discovered that social
isolation and ostracism stimulate the anterior cingulate cortex, an area linked to physical pain. (Eisenberger
et al., 2003). A person's sense of purpose, control, self-worth, and belonging are all adversely impacted by
ostracism. Ostracism is considered an interpersonal stressor within stress models (Biittner et al., 2024; Dong
et al., 2024). Cortisol and other stress-related chemicals may be released as a result, causing social pain that is
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neurologically comparable to physical pain. Long-term social isolation can cause chronic stress, which affects
the human body in several ways. (Dickerson & Kemeny, 2004). The negative consequences of workplace
exclusion on employee outcomes, especially turnover intentions, have been the subject of numerous studies.
According to Ferris et al. (2008), for example, ostracism at work produces feelings of rejection and isolation
that dramatically increase employees' turnover intentions. Research in other high-stress industries also shows
a link between negative workplace experiences and employee turnover. For example, studies have found
that factors such as heavy workload, unclear roles, and unmet growth expectations increase the likelihood
that employees in the banking industry will want to leave their jobs (Gautam & Gautam, 2024). For this
study, workplace ostracism is conceptualized as a negative social experience that affects employees’ sense of
belonging and can have profound implications for their work attitudes and behaviors. The measurement items
capture various dimensions of exclusion experienced in day-to-day organizational interactions.

Turnover intention is defined as the mediator between attitudes and the intent to resign, and between the
intent to resign and actual departure from an organization (Glissmeyer, Bishop, & Fass, 2008). Unlike actual
turnover, which involves the physical act of leaving, turnover intention serves as the precursor or psychological
state that predicts an employee’s likelihood of quitting (Long et al., 2012). This variable is operationalized to
assess employees’ cognitive and emotional considerations related to leaving the organization. Organizational
commitment has been empirically established as a significant factor in understanding employee retention.
According to Meyer & Allen (1991), employees with high organizational commitment, particularly affective
commitment, are more likely to remain in the organization despite negative workplace experiences. Moreover,
the study examines organizational commitment, a key mediating variable that influences how employees’
experiences of workplace ostracism translate into turnover intentions. It is operationalized to measure the
extent of employees’ dedication, loyalty, and willingness to contribute to organizational success.

Emotional intelligence (EI) is a collection of non-cognitive capabilities, competencies, and skills that
influence one’s ability to manage environmental demands and pressures (Bar-On, 1997). In addition, EI is
an individual's ability to understand and manage others’ emotions. This variable is operationalized to reflect
the employee's capacity to maintain emotional balance and build positive workplace relationships despite
challenging social dynamics (Zhang et al., 2015). Additionally, the potential of emotional intelligence as a
protective factor remains underexplored. Can employees with higher emotional intelligence better navigate the
challenges of workplace ostracism? If so, how can organizations support and develop the skill to reduce the
negative consequences of ostracism? Hence, by addressing these gaps, this study provides a comprehensive
understanding of the relationships and offers actionable strategies for organizations to reduce turnover, foster
inclusion, and create healthier work environments (Williams & Nida, 2009).

Workplace Ostracism and Turnover Intentions

According to Ferris et al. (2008), ostracism at work produces feelings of rejection and isolation that dramatically
increase employees' turnover intentions. The negative consequences of workplace exclusion on employee
outcomes, especially turnover intentions, have been the subject of numerous studies. A 2024 meta-analysis of
32 studies finds a moderate positive correlation between ostracism and turnover intention (Das & Ekka, 2024),
confirming that ostracized employees are more likely to consider leaving their jobs. Turnover intention serves
as the intermediary factor linking an individual's attitudes, which influence their desire to leave, to the actual
decision to resign from an organization. (Glissmeyer, Bishop, & Fass, 2008).

HI: Workplace ostracism has a positive relationship with turnover intentions.

Workplace Ostracism and Organizational Commitment

Workplace Ostracism, a subtle yet harmful form of interpersonal mistreatment, has gained increasing attention
in organizational research based on its significant impact on employee well-being and performance (Williams
& Nida, 2009). Organizational commitment has been empirically established as a significant factor in
understanding employee retention. According to Meyer & Allen (1991), employees with high organizational

B Volume 1, Issue 1, May 2026




Himalayan Whitehouse International College NEXUS

commitment, particularly affective commitment, are often more likely to stay despite negative workplace
experiences. However, studies such as Leung et al. (2011) found that workplace ostracism reduces organizational
commitment, particularly by weakening employees' sense of belonging and emotional connection to the
organization.

H2: Workplace ostracism is significantly related to organizational commitment.

Organizational Commitment and Turnover Intentions

Several studies demonstrated that organizational commitment significantly reduces turnover intentions. For
instance, Meyer et al. (2002) found that affective commitment is the dominant predictor of an employee's
intention to stay, as employees who feel emotionally connected to their organization are less likely to leave.
Similarly, Long et al. (2012) reported that low levels of commitment, often stemming from poor workplace
relationships or a lack of inclusion, lead to increased turnover intentions.

H3: There is a significant relationship between organizational commitment and turnover intentions.

Organizational Commitment as a mediator

Organizational commitment plays a critical mediating role in the relationship between workplace ostracism
and turnover intentions. As employees experience ostracism, their sense of belonging, self-worth, and
emotional connection to the organization are undermined. This erosion of emotional and psychological bonds
often manifests as a decline in organizational commitment, which in turn increases the intention to leave
the organization. It even demonstrates that ostracized employees exhibit diminished commitment, thereby
increasing turnover intentions (Wu et al., 2016).

H2: Organizational commitment mediates the relationship between workplace ostracism and turnover
intentions.

Emotional Intelligence as a moderator

More and more people are paying attention to how emotional intelligence might mitigate the inverse effects of
workplace ostracism. Employees with high emotional intelligence are better able to control their emotions and
handle stress at work (Zhang et al., 2017). This skill mitigates the effect of ostracism on turnover intentions
by helping them manage its negative repercussions. In a similar vein, Kalyar et al. (2019) discovered that
emotional intelligence increases workers' resilience, enabling them to handle interpersonal difficulties without
abandoning their organizational responsibilities.

H5: Emotional intelligence moderates the relationship between workplace ostracism and turnover intentions.

Figure 1: Research Framework

Organizational

Commitment
A

Workplace Turnover Intentions
Ostracism

v

Emotional Intelligence

Source: (Anosari et al., 2021)
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2. Method

The study adopted a quantitative research design, using a cross-sectional survey to collect data from employees
in the Hospitality Industry in the Lalitpur Valley. The structured questionnaire, incorporating validated
instruments from prior research, gathered information on demographics, workplace ostracism, organizational
commitment, emotional intelligence, and turnover intentions. A causal research design was applied to explore
relationships between variables, examining organizational commitment as a mediating factor and emotional
intelligence as a moderating factor.

The study employed purposive sampling to reach workers directly involved in the hospitality industry of
Lalitpur, Nepal. There were 262 valid responses to the 280 questionnaires that were distributed. Even though
the precise population size was unknown, the sample size is deemed statistically adequate because it exceeds the
200 cases that Hair et al. (2019) recommend as a minimum threshold for multivariate analysis and approaches
the specifications proposed by Krejcie and Morgan (1970) for large or unknown populations. Furthermore, data
were collected via a structured questionnaire distributed manually to employees in the Hospitality Industry and
via Google Forms. The questionnaire consisted of two sections: one covering demographic details, including
age, gender, education, and job tenure, and the other assessing key constructs using a five-point Likert scale (1
= Strongly Disagree to 5 = Strongly Agree).

Data analysis was done using SPSS 26 and Microsoft Excel. Analysis of the relationships between the variables
was done using regression and correlation, and moderating and mediating effects were looked into using SPSS's
PROCESS Macro. This study also employed a regression model to investigate the impact and relationships
among demographic variables, Workplace Ostracism, Turnover Intentions, Organizational Commitment, and
Emotional Intelligence. More especially, the regression model is defined as follows:

TI = a + 10+ B20C+ B3EI+B4DF+ €

where,

TI = Turnover Intentions O = Workplace Ostracism
OC = Organizational Commitment EI = Emotional Intelligence
DF=Demographic Factors a= Constant

= Coefficient of Independent Variable €= Error terms

3. Findings
Demographic Information

The questionnaire requested participants to share their demographic information,
including gender, age, highest level of education completed, and length of job tenure.

Table 1 : Demographic Profile of Respondents

Demographic Variables No. of responses Percentage (%)
Gender
Male 133 50.76
Female 129 49.24
Age (in years)
below 25 49 19
26-35 185 71
36-45 24 9
Above 46 4
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Education
High School 38 14.50
Bachelor's degree 153 58.40
Master's degree & above 71 27.10
Job Tenure
Less than 2 years 122 46.56
3-6 years 120 45.80
More than 7 years 20 7.63

Table 1 presents the demographic profile of respondents by gender, age, education, tenure, and other
characteristics—sample: 133 males (50.76%) and 129 females (49.24%). Major respondents (71%) are in the
25-35 age group, while fewer than 2% are over 46. One with a bachelor's degree (58.40%), ahead of a master's
degree or higher (27.10%). In terms of job tenure, approximately 46.56% have less than 2 years of experience,
45.80% have 3-6 years, and only 7.63% have more than 7 years.

Reliability Analysis

This section focuses on testing the reliability of questionnaires and concludes the data collection. SPSS
software is used to analyze the reliability of the questionnaires and produce the results. Cronbach's Alpha is the
most often used technique by researchers to assess the internal consistency of data.

Table 2 : Reliability Analysis

Variables No. of Items Cronbach's alpha
Workplace Ostracism 7 0.917
Turnover Intention 3 0.868
Emotional Intelligence 10 0.788
Organizational Commitment 12 0.922
Total 32 0.783

Table 2 presents the reliability analysis of different variables using Cronbach’s alpha. It includes Workplace
Ostracism (0 = 0.917), Turnover Intention (0 = 0.868), Emotional Intelligence (0 = 0.788), and Organizational
Commitment (O = 0.922). The overall reliability for all 32 items is 0.783, indicating an acceptable level of
internal consistency for the study's measurement scales.

Descriptive Analysis

This part consists of descriptive statistics, or central tendency measures, for the constructs (Workplace Ostracism,
i.e., independent variable; Organizational Commitment, i.e., mediating variable; Emotional Intelligence, i.c.,
moderating variable; and Turnover Intentions, i.e., dependent variable). This involves calculating measures
such as the mean and Standard Deviation for every variable used.

Table 3 : Descriptive Statistics of all Variables

Variables N Mean Standard Deviation
Workplace Ostracism 262 2.496 .873
Turnover Intentions 262 2.799 1.073
Emotional Intelligence 262 3.788 0.478
Organizational Commitment 262 3.274 0.789

Table 3 presents descriptive statistics for Workplace Ostracism, Turnover Intentions, Emotional Intelligence,
and Organizational Commitment. Each variable has 262 respondents (N = 262). The mean values range
from 2.496 (Workplace Ostracism) to 3.788 (Emotional Intelligence), indicating the average responses. The
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standard deviation values indicate variability, with Turnover Intentions showing the highest dispersion (1.073)
and Emotional Intelligence the lowest (0.478), suggesting a more consistent response pattern for the latter.

Correlation Analysis

Pearson correlation analysis measures the degree and direction of correlation between variables. Pearson
correlation analysis requires a correlation coefficient (r) ranging from -1 to 1. This analysis will help us draw
meaningful inferences about the relationships between variables such as Workplace Ostracism, Organizational
Commitment, Emotional Intelligence, and Turnover Intentions.

Table 4 : Correlation analysis among variables.

Workplace Turnover Emotional Organizational
ostracism intentions intelligence commitment
Workplace ostracism 1
Turnover intentions 0.751™ 1
Emotional Intelligence 0.087 0.031 1
Organizational commitment -0.456™ -0.433* 0.217" 1
**_Correlation is significant at the 0.01 level (2-tailed).

Table 4 contradicts correlations between workplace ostracism, turnover intentions, emotional intelligence, and
organizational commitment. Workplace ostracism strongly correlates with increased turnover intentions (r =
0.751) and decreased organizational commitment (r =-0.456). Conversely, organizational commitment shows
a negative relationship with turnover intentions (-0.433). Emotional intelligence has weak correlations with
the other variables. All significant correlations are at the 0.01 level.

Regression Analysis

Regression analysis helps to assess the impact of the independent variable on the dependent variable. Here, the
analysis is conducted on the relationship between the independent and dependent variables. The study used the
Enter method of linear regression analysis.

Table 5 : Regression Model Summary

Adjusted Std. Error of
R-Square the Estimate

1 0.751* 0.563 0.562 0.710 1.365

a. Predictors: (Constant), Turnover intentions

Model R R Square Durbin-Watson

b. Dependent Variable: Workplace ostracism

Table 5 presents a regression model with a strong positive relationship (R=0.751) between turnover intentions
and workplace ostracism. Turnover intentions explain 56.3% (R-squared) of the variance in workplace
ostracism. A Durbin-Watson value of 1.365 suggests possible autocorrelation.

Table 6 : Regression Analysis of Workplace Ostracism and Turnover Intentions

Unstandardized | Standardized Sio. ] ] A
Model Coefficients Coefficients . s Collinearity Statistics
Toler-
B Std.
Error Beta ance VIF
(Constant) 0.492 0.133 3.736 0.000
1
Tumover 16 95> | 0.050 0.751 18315 | 0.000 1.000 1.000
intentions
a. Dependent Variable: Workplace ostracism
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Table 6 shows the relationship between turnover intentions and workplace ostracism. This regression indicated
a strong positive correlation between turnover intentions and workplace ostracism (Beta =0.751,t=18.315, p
<.000), indicating that workplace ostracism is associated with higher turnover intentions. The unstandardized
B = 0.922 indicates that for every 1-unit increase in turnover intentions, workplace ostracism is expected to
increase by the same amount, 0.922. The value of the constant (0.492) represents the amount of workplace
ostracism predicted to occur when there are no turnover intentions. The collinearity statistics are Tolerance
=1 and VIF (Variance Inflation Factor) = 1. Therefore, this model produces no multicollinearity. Hence, the
model reveals a very strong predictive relationship between greater aspirations to quit and further experiences
of workplace ostracism.

Mediation Analysis

Mediation analysis examines how an independent variable (IV) influences a dependent variable (DV) through
a mediator, providing deeper insight into the process linking the two variables. First proposed by Baron and
Kenny (1986), this technique partitions the total effect of the IV on the DV into a direct effect that does not
pass through the mediator and an indirect effect that does (Preacher & Hayes, 2004).

Table 7 : Mediation Analysis of Organizational Commitment

Path Effect SE t P g()IS;/jC(I:)I ?ISI‘;/:)C(I:)I Star;;;:;ltized
(WO — 00) -0.412 | 0.050 -8.254 | 0.000 | -0.510 -0.313 -0.456
(OC—TD -0.156 | 0.062 -2.523 | 0.012 | -0.278 -0.034 -0.125
Direct: (WO— TI) 0.858 0.056 15.321 | 0.000 | 0.747 0.968 0.758
Total : (WO — OC — TI) | 0.922 0.050 18.315 | 0.000 | 0.823 1.021 0.751
Indirect Effect 0.064 0.027 - - 0.021 0.125 0.057

(WO= Workplace Ostracism, OC= Organizational Commitment, TI= Turnover Intention)

Table 7 shows the partial mediation effect of Organizational Commitment (OC) on the relationship between
Workplace Ostracism (WO) and Turnover Intention (TI). Workplace ostracism significantly reduces
organizational commitment (f = -0.412, p < .001), and lower commitment increases turnover intention (3
= -0.156, p = .012). However, workplace ostracism still has a strong direct effect on turnover intention (j3
= 0.858, p < .001). The indirect effect (B = 0.064, CI: 0.021-0.125) confirms partial mediation, meaning
ostracism influences turnover both directly and indirectly through commitment.

Moderation Analysis

Moderation analysis assesses how the dimension of a variable changes as a function of the level of a third
variable, called the moderator. As introduced by Aiken and West (1991), moderation analysis typically uses
interaction terms in regression models and can be handled precisely with tools such as the PROCESS macro
in SPSS. Thus, this analysis evaluates emotional intelligence, workplace ostracism, and turnover intentions.

Table 8
95% CI 95% CI
Path Effect SE t p-value (LLCI) (ULCI)
Constant 2.852 1.089 2.618 0.009 0.706 4.997
WO 0.159 0.384 0.413 0.680 -0.598 0.915
El -0.604 0.277 -2.180 0.030 -1.150 0.059
Imerajtg’l‘; (WO 0.194 0.096 2.013 0.045 0.004 0.383

Moderation Analysis of Emotional Intelligence

(WO= Workplace Ostracism, TI= Turnover Intentions, EI= Emotional Intelligence)
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Table 8 shows a significant moderate effect (WO x EI: B = 0.194, p = 0.045), suggesting that emotional
intelligence moderates this relationship. The effect of workplace ostracism on turnover intention was not
significant (f = 0.159, p = 0.680), suggesting that ostracism alone will not independently influence turnover
intentions. However, there is a significant negative effect on turnover intentions (f = -0.604, p = 0.030),
implying that employees with higher emotional intelligence are less likely to consider leaving their jobs. The
significant interaction terms suggest that the effect of workplace ostracism on turnover intention varies with
variations in emotional intelligence levels.

Table 9 : Hypothesis Testing

Hypothesis Statements Conclusion

H1 Workplace Ostracism (O) positively influences Turnover Intentions (TT). Accepted

m Workplace ostra(flsm (O) has a significant negative relationship with orga- Accepted
nizational commitment (OC).

H3 There is a significant negative relationship between organizational com- Accepted
mitment and turnover intentions.

H4 Organizational Commitment (OC) mediates the relationship between Accented
Workplace Ostracism (O) and Turnover Intentions (TI). p

HS Emotional Intelligence (EI) moderates the relationship between Work- Accepted
place Ostracism (O) and Turnover Intentions (TT). p

4. Discussion

This study investigates workplace ostracism, organizational commitment, emotional intelligence, and turnover
intentions among hotel employees in Lalitpur Valley. Consistent with previous studies linking ostracism with
one of the leading causes of employee turnover (Ferris et al., 2008; O'Reilly & Robinson, 2009), the findings
show evidence that workplace ostracism has a major influence on turnover intentions. Employees who are
excluded tend to experience emotional disengagement, which weakens their organizational attachment and
increases their probability of turnover. Results from this study suggest that subtle exclusionary acts should be
addressed to increase retention.

Furthermore, this research indicated the mediating role of organizational commitment in the relationship
between workplace ostracism and the yearning for turnover, reiterating previous studies (Meyer & Allen, 1991;
Leung et al., 2011) that emphasize the importance of emotional and psychological bonds in the workplace.
Therefore, enhancing organizational commitment might mitigate the damaging effects of ostracism, thereby
reducing turnover intentions. Findings grounded in Conservation of Resources (COR) theory show that
workplace ostracism reduces essential personal and job-related resources and can clearly lead to negative
outcomes, such as decreased engagement and performance. Accordingly, COR theory (Hobfoll, 1989) posits
that employees who experience resource loss due to ostracism conserve their remaining resources by reducing
effort and withdrawing from work activities. This perspective explains quite well the psychological strain
of ostracism and, more widely, its impact in settings where interpersonal relations are significant, especially
in service industries (Leung et al., 2011). The analysis goes a step further by expanding on COR theory
to consider organizational commitment as a syndicator. From the general findings, it became evident that
ostracism dampens employees' emotional ties to their organizations, leading to decreased commitment and
increased turnover intentions (Meyer & Allen, 1991). Thus, emotional intelligence can play a moderating role,
whereby an employee is readily able to control her emotions and effectively cope with exclusion (Zhang et al.,
2017). COR, this perspective further clarifies the theory by demonstrating how organizational commitment
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and emotional intelligence can protect against the negative consequences of resource depletion from ostracism.

Moreover, these results underscore the need to create work environments that are supportive and inclusive
to mitigate the effects of ostracism. Organizations can then work to retain employees through emotional
intelligence training and strategies that enhance organizational commitment. Future investigations could
further examine other moderators-organizational culture and leadership style-to enhance understanding of
managing and lessening the effects of ostracism. In addition, organizations can learn how to mitigate the
damaging effects of ostracism by focusing on employee well-being and organizational performance (Wu et
al., 2012; Zaman et al., 2021).

Most interestingly, ostracism and turnover intentions were significantly semi-moderated by emotional
intelligence. While emotionally intelligent employees exhibited slightly lower turnover intentions, these were
insufficient to offset the adverse effects of ostracism fully. This differs from the findings of Zhang et al.
(2017), suggesting that structural and organizational interventions may be more effective against ostracism
than relying solely on individual emotional competencies.

5. Conclusion

This study provides an in-depth, holistic analysis of workplace ostracism, organizational commitment,
emotional intelligence, and turnover, and their relationship to the results. It underscores the major critical impact
of workplace ostracism, a subtle yet harmful form of interpersonal mistreatment, on employees’ emotional
well-being and organizational outcomes. The findings demonstrate that employees experiencing ostracism
are more likely to feel excluded, undervalued, and disconnected from their workplace. This weakened sense
of belonging directly contributes to increased turnover intentions, highlighting the high costs of ostracism for
organizations, including talent loss and reduced productivity.

Furthermore, it concludes that organizational commitment serves as a strong mediator between workplace
ostracism and turnover intentions. Employees' emotional commitment toward their organization is a buffer
against any tendencies to leave, no matter how severe the demands of ostracism may be. However, this further
escalates the desire to depart, which, in addition, erodes organizational commitment due to ostracism. The
result underscores the importance of fostering an environment in which employees feel emotionally attached
to their organization, as this will serve as a buffer against ostracism. Interestingly, emotional intelligence failed
to moderate the relationship between ostracism and turnover intentions in a statistically meaningful way,
contrary to the prior hypothesis. Although emotionally intelligent people exhibit somewhat lower turnover
intentions, they cannot substitute for structural and cultural interventions meant to counter ostracism. The
finding implies that while emotional intelligence remains a potent resource, it cannot replace structural and
cultural interventions aimed at confronting workplace ostracism head-on.

In summary, the present research shows that workplace ostracism poses significant challenges for employee
retention and the organizational culture. The research supports the claim that workplace ostracism explains a
considerable amount of variance in turnover intentions. Therefore, this avalanche of results also indicates an
immediate need for organizations to find practical means to minimize exclusionary behavior in the workplace
and encourage inclusivity. The findings highlight an incredible body of insights for organizations, providing
a roadmap to address workplace ostracism and its effects through interventions, leadership development, and
employee engagement strategies.

Implications

These findings have a far-reaching impact on organizations' efforts to improve employee well-being, reduce
turnover, and build a strong organizational culture. Organizations must realize that workplace ostracism is not
to be taken seriously, as it poses serious challenges to employee morale and commitment. Fighting against
ostracism should begin with clearly imposed various anti-ostracism rules and conduct to check exclusionary
conduct. Regular assessment through user surveys or feedback mechanisms should identify subtle instances
of ostracism before they escalate into serious evaluations. Organizations could create positive, inclusive
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environments that foster belonging among employees, thereby making them less likely to feel ostracized.
Team-building exercises, cross-functional cooperation, and diversity programs are among the most crucial
tools for reinforcing inclusiveness over isolation.

Nevertheless, the study claims that commitment serves as a mediator in the relationship between ostracism
and turnover intentions, so developing organizational commitment becomes all the more critical, as it would
work against ostracism. It would be much better for employers to foster a workplace culture that values
and recognizes employees' contributions, aligns individuals' roles with organizational missions, and promotes
career development. Employees with a deeper emotional bond with their organizations would likely not flee
at the first opportunity; they would endure through thick and thin. Certainly, organizations need to build
on connections between employees and management by developing open, transparent communication
complemented by shared values of trust and accountability across the workforce.

Leadership plays a central role in addressing ostracism and its consequences. Inclusive leadership practices, such
as empathetic communication, conflict resolution, and active listening, can significantly improve workplace
relationships. Leadership styles that embrace inclusion-the use of empathy to communicate, mediation of
conflict, and active listening-have the potential to vastly improve workplace relationships. Managers should
be trained to identify behaviors that lead to ostracism and to intervene effectively, creating a work environment
where all employees feel respected and valued. Equally important is establishing a safe culture in which
employees may express their concerns without fear of retaliation. Communication, particularly through one-
on-one meetings and team discussions, can help leaders stay attuned to their teams' dynamics and tackle issues
proactively.

Therefore, the organization is committing to constant observation and investigation of the dynamics in work
settings. Regular evaluation of employee experiences, organizational commitments, and turnover intentions
may enable leaders to make data-driven decisions to improve workplace conditions. This dissertation reinforces
the view that an acceptable and supportive platform should be created for employees to feel connected, be
dealt with, and be valued. When organizations, employees, and retention deal with ostracism, compassion and
a sense of belonging are enhanced, which, in turn, translates into long-term business success.

6. Limitations and directions for results search

Overall, the results have limited localization due to the specific locales studied. Further, since this study is
qualitative, it collects data at a single point in time, which limits the ability to draw broader conclusions
beyond that one-time interval. The researchers also introduced a purposive template sampling method, which
undoubtedly suggests that selection bias was possible, given that participants were selected based on specific
criteriarelevant to the study’s focus. This type of sampling usually compromises the sample's representativeness,
distorting the results. Therefore, the results of the study apply to a specific population due to the limited context
and criteria used to select participants. Hence, the applicability of the findings is in question, as they were
confined to a particular environment and a specific set of participants. There is no denying that these insights
hold significance. However, they must be handled very carefully when used in a completely different context
or broader audience. There is a need to conduct the study across varying environments and use different
sampling techniques to strengthen and broaden the applicability of the findings. These limitations remind the
reader to be careful and considerate when interpreting the conclusions the study seeks to establish.
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Emotional Intelligence has increasingly been recognized as a crucial
predictor of workplace behavior and performance, especially in service-
oriented industries such as banking. In Nepalese commercial banks,
where employees frequently interact with clients and navigate high-
pressure environments, EI may play a vital role in shaping employee
outcomes.

This study investigates the impact of three key dimensions of emotional
intelligence. self-awareness, empathy, and stress management, on
employee performance in Class 'A' commercial banks in Nepal. It
aims to identify which emotional competencies are most influential in
enhancing workplace effectiveness. Used a descriptive and explanatory
research design, the study adopted a quantitative approach. Data were
collected through structured questionnaires using a 5-point Likert scale,
distributed to bank employees via Google Forms and print copies. Out of
600 distributed questionnaires, 398 valid responses were analyzed using
SPSS and AMOS. Reliability, validity, and model fitness were assessed
using composite reliability, AVE, and structural equation modeling.

The findings reveal that empathy and stress management have significant

positive effects on employee performance, while self-awareness does not
show a statistically significant influence. Among the constructs, empathy
emerged as the strongest predictor of employee performance, suggesting
the importance of interpersonal sensitivity in the banking context.
Emotional intelligence, particularly empathy and stress management,
plays a significant role in shaping employee performance. However,
self~-awareness alone may not be sufficient to drive performance
outcomes without supportive organizational or behavioral mechanisms.
The results underscore the need for banks to integrate emotional
intelligence training, especially in empathy and stress regulation, into
employee development programs. Organizations should also consider
emotional competence in recruitment and leadership development. This
study provides novel insights into the domain-specific role of emotional
intelligence in the Nepalese banking sector and offers empirical
evidence from a developing-country context, where such research
remains relatively limited.
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Introduction

In recent years, Green Human Resource Management (GHRM) has gained increasing attention as organizations
align their practices with sustainability goals (Efranto etal., 2026). GHRM involves integrating environmentally
friendly practices into traditional HR functions, such as recruitment, training, performance management,
and employee engagement, to reduce the organization's environmental footprint and support sustainable
development (Banerjee, 2025). This growing interest is linked to rising global concerns about climate change
and environmental degradation, which have encouraged businesses to adopt sustainable practices (Shivanna,
2022). Employees play a central role in this process because their behaviors and engagement determine whether
sustainability initiatives succeed (Pincus, 2023). At the same time, organizations face external pressures from
consumers who increasingly prefer environmentally responsible brands, making sustainability a competitive
factor in today’s market (Ababneh, 2021).

Although many industries, such as manufacturing and energy, have widely implemented GHRM practices,
the financial sector has received limited attention. However, banks also have significant sustainability
responsibilities. They may not produce physical emissions like factories do, but they consume large amounts
of energy, generate e-waste, and influence the environment through lending and investment decisions (Joshi
et al., 2023). This creates a pressing need to explore how GHRM can enhance sustainable performance in
commercial banks.

Despite its potential, GHRM in the banking sector remains underdeveloped. There is still no standardized
framework for measuring sustainable performance, and empirical research linking green HR practices, such
as green recruitment, training, and employee engagement, to organizational outcomes remains scarce (Shakil,
2021). The challenges, such as resistance to change, cost concerns, and regulatory barriers, further complicate
GHRM implementation. This knowledge gap highlights the importance of investigating how banks can
integrate green HRM effectively to improve both environmental and organizational performance.

Nepal, as a member of the United Nations, has committed to the Sustainable Development Goals (SDGs) since
2015. This has increased the pressure on Nepalese organizations, including commercial banks, to adopt sustainable
business models. However, research on GHRM in Nepal’s financial sector is still limited, making it essential to
understand how these practices influence employee engagement and sustainability outcomes. The banking industry,
though service-based, contributes to sustainability concerns through high energy use, heavy paper consumption,
and environmentally impactful financing decisions (Chapagain & Dangol, 2024; Aracil et al., 2021). With digital
transformation, banks also face new challenges such as energy-intensive data centers and e-waste management.
Therefore, promoting green practices in HRM, such as paperless operations, green training, and eco-friendly
workplace policies, is crucial to enhancing both environmental performance and corporate social responsibility
(Siyambalapitiya et al., 2018).

Research on the application of GHRM in commercial banks remains in its early stages. Few studies have
examined how GHRM influences employee engagement, which is a critical factor in ensuring the success of
sustainability initiatives. The mediating role of employee engagement, in particular, remains underexplored.
In addition, banks face barriers such as limited awareness, financial costs, and organizational resistance that
hinder the effective adoption of GHRM. These gaps highlight the need for systematic research on GHRM in
the banking sector, focusing on its relationship with employee engagement and its role in driving sustainable
organizational performance. By addressing this problem, the study will contribute to academic knowledge
and provide practical insights to help commercial banks integrate sustainability into their HR strategies more
effectively. The objective of this study is to examine the influence of green human resource management
practices on employee engagement in Nepalese commercial banks.

Review of Literature

Jabbour (2013) views GHRM as the systematic alignment of human resource practices with organizational
environmental objectives. Similarly, Renwick et al. (2008) describe it as the management of human resources
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to support environmental management initiatives. Expanding on this, Opatha and Arulrajah (2014) highlight
GHRM as a set of policies and practices that benefit individuals, society, the natural environment, and
organizations by guiding employees toward green behavior. Masri and Jaaron (2017) emphasize the role
of GHRM in reinforcing environmentally sustainable practices while enhancing employee commitment to
sustainability.

Employee engagement is widely regarded as a central factor in organizational sustainability and long-term
success (Boccoli et al., 2023). Since Kahn’s (1990) seminal work, engagement has been conceptualized as
employees' physical, cognitive, and emotional investment in their roles, whereas disengagement reflects
withdrawal from these dimensions. Engaged employees demonstrate attentiveness, energy, emotional
connection, and willingness to “go the extra mile” (Macey & Schneider, 2008). Building on Kahn, later
scholars such as Schaufeli et al. (2002) defined engagement as a positive, fulfilling state characterized by vigor,
dedication, and absorption, while Ababneh et al. (2019) expanded this to include emotions, discretionary effort,
and goal alignment. Saks (2006) further conceptualized engagement as a multidimensional construct with
cognitive, emotional, and behavioral components, reinforcing its role as a distinct driver of role performance.
Measurement instruments such as the UWES and JES have been widely applied, though studies often use
employee and work engagement interchangeably (Kosaka & Sato, 2020).

From a theoretical lens, the Ability-Motivation-Opportunity theory (Appelbaum et al., 2001) provides a useful
framework for linking Green Human Resource Management with employee engagement. According to this
theory, HR practices enhance organizational performance by strengthening employees’ abilities, motivations,
and opportunities to contribute (Rynes et al., 2005; Katou & Budhwar, 2010). In the GHRM context, green
recruitment and training build employees’ environmental abilities. In contrast, green rewards and performance
evaluations enhance motivation, and practices such as green induction and participative decision-making
provide opportunities for involvement (Renwick et al., 2012).

Alshaabani et al. (2021) found that rewards, training, and performance management significantly enhance green
work engagement, though green recruitment was not a strong predictor. Younas et al. (2023) emphasized the
importance of green training, leadership support, communication, and environmentally responsible behavior
beyond the workplace. Employee engagement emerged as a crucial mediator, as demonstrated by Gupta
and Jangra (2024), who showed that GHRM enhances job performance through engagement. Other studies
highlighted specific practices, such as job rotation to develop future green managers (Kossyva et al., 2023),
raising awareness and providing green training in the garment sector (Aktar & Islam, 2019), and integrating
environmental concerns into HR functions to shape sustainable behaviors (Adriana et al., 2020). Moreover,
Gomes et al. (2023) linked GHRM practices with affective commitment, while Ababneh (2021) argued for
a holistic approach that combines HR practices with individual predispositions to strengthen engagement in
green initiatives.

Research Methodology

This study investigates the impact of GHRM practices on employee engagement in selected Nepalese commercial
banks located in Kathmandu district. A quantitative, cross-sectional survey design was adopted, and primary
data were collected from 363 employees, including managers, officers, and clerks, in selected commercial
banks using a structured five-point Likert scale questionnaire. Purposive sampling was used, and the sample
size was determined using Yamane’s formula to ensure statistical reliability. Data analysis was conducted using
SmartPLS, using structural equation modeling to test the measurement and structural models. Descriptive
statistics summarized the patterns, while confirmatory factor analysis assessed the reliability and validity of
constructs. The hypothesized relationships between GHRM practices and employee engagement were then
examined through path analysis within the SEM framework at a 5% significance level.
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Figure 1 : Conceptual Framework

Studies on green human resource management by Ababneh (2021) and Alshaabani et al. (2021) identify several
practices that influence employee engagement (EE). These include AGRS (Attracting Green Recruitment and
Selection), AGTD (Applying Green Training and Development), MGPM (Managing Green Performance
Management), MGRM (Managing Green Reward Management), OGER (Organizational Green Employee
Relations), and OGI (Organizational Green Involvement).

Results

Table 1 presents the results of reliability and convergent validity for the study constructs. The reliability of the
constructs was assessed using Cronbach’s alpha and Composite Reliability, while Average Variance Extracted
(AVE) was used to evaluate convergent validity.
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Table 1 : Reliability and Convergent Validity

Items Cronbach's alpha Composite reliability Average variance
extracted
AGTD 0.88 0.781 0.592
ARGS 0.884 0.974 0.555
EE 0.957 0.967 0.661
MGRM 0.924 0.939 0.814
0OGI 0.86 0.871 0.703

The results indicate that all constructs demonstrate acceptable levels of reliability and validity. The Cronbach’s
alpha values range from 0.86 to 0.957, exceeding the recommended threshold of 0.70, indicating strong internal
consistency among the measurement items. Similarly, the Composite Reliability values range from 0.781 to
0.974, which are above the acceptable level of 0.70, confirming the reliability of the constructs. In addition, the
AVE values range from 0.555 to 0.814, exceeding the recommended minimum of 0.50, confirming adequate
convergent validity.

Table 2 presents the results of the discriminant validity assessment using the Fornell-Larcker criterion.
Discriminant validity is established when the square root of the AVE for each construct is greater than its
correlations with other constructs in the model.

Table 2 : Discriminant Validity (Fornell-Larcker Criterion)

AGTD ARGS EE MGRM OGI
AGTD 0.769
ARGS 0.072 0.745
EE 0.1 0.053 0.813
MGRM 0.144 -0.043 -0.068 0.902
OGI 0.259 -0.091 -0.119 0.408 0.838

As shown in Table 2, the diagonal values representing the square root of AVE for AGTD (0.769), ARGS
(0.745), EE (0.813), MGRM (0.902), and OGI (0.838) are higher than the corresponding inter-construct
correlation values in the same rows and columns. This indicates that each construct accounts for more variance
in its indicators than in other constructs in the model.

Figure 2 illustrates the structural model of green human resource management practices and their influence on
employee engagement. The model includes four independent constructs: ARGS, MGRM, and OGI, which are
linked to the dependent construct EE (Employee Engagement). Each construct is measured through several
observed indicators shown as rectangles connected to the latent variables. The arrows from the independent
constructs to EE represent the hypothesized relationships tested in the structural model.

The values displayed on the arrows between constructs represent the p-values obtained from the structural model
analysis. According to the figure, the path AGTD — EE has a p-value of 0.203, ARGS — EE has a p-value of
0.785,and MGRM — EE has a p-value of 0.704, indicating that these relationships are not statistically significant.
In contrast, the path OGI — EE shows a p-value of 0.013, indicating a statistically significant relationship at the
0.05 level. The value 0.034 shown within the EE construct represents R, indicating that approximately 3.4% of
the variance in Employee Engagement is explained by the GHRM practices included in the model.
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Table 3 presents the results of the structural model analysis, which examines the hypothesized relationships
between the green human resource management practices and employee engagement. The results indicate that
AGTD — EE has a path coefficient () of 0.139, with a t-value of 1.274 and a p-value of 0.203, indicating that
the relationship is not statistically significant; therefore, H1 is not supported. Similarly, ARGS — EE shows a 8
0f 0.029, a t-value of 0.273, and a p-value of 0.785, suggesting no significant effect; thus, H2 is not supported.

Table 3 : Structural Model Results

Hypothesis Path B t-value p-value Decision

H1 AGTD -> EE 0.139 1.274 0.203 Not Supported
H2 ARGS -> EE 0.029 0.273 0.785 Not Supported
H3 MGRM ->EE |-0.03 0.38 0.704 Not Supported
H4 OGI > EE -0.14 2.475 0.013 Supported

The relationship MGRM — EE also shows a non-significant effect with B = -0.03, t-value = 0.38, and p-value
= 0.704, indicating that H3 is not supported. However, the relationship OGI — EE shows a statistically
significant effect (B =-0.14, t = 2.475, p=0.013), which is below the significance threshold of 0.05. Therefore,
H4 is supported, suggesting that Organizational Green Involvement significantly influences Employee
Engagement in the model.

Table 4 : Coefficient of Determination and Effect Size

Endogenous Construct R? Interpretation
Employee Engagement 0.034

Path 2 Effect
AGTD -> EE 0.018

ARGS > EE 0.001

MGRM -> EE 0.001

OGI -> EE 0.016 Medium

67
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Table 4 presents the R? and effect size (f?) for the structural model. The R? value for employee engagement is
0.034, indicating that the independent variables AGTD, ARGS, MGRM, and OGI collectively explain 3.4% of
the variance in employee engagement. This value suggests a weak explanatory power of the model.

The f2values indicate the individual contribution of each predictor to the endogenous construct. The path
AGTD — EE has an f? value of 0.018, which indicates a small effect size. Similarly, ARGS — EE and MGRM
— EE both show f? values of 0.001, suggesting negligible effects on Employee Engagement. The path OGI —
EE has an f2 value of 0.016, indicating a small effect size. According to commonly accepted guidelines (0.02
= small, 0.15 = medium, 0.35 = large), the results indicate that all predictors have negligible to very small
effects on employee engagement. However, OGI shows the relatively strongest influence among the variables.

Discussion

The study partially supports earlier theoretical perspectives on GHRM proposed by Jabbour (2013), Renwick
et al. (2008), and Opatha and Arulrajah (2014), particularly in their emphasis on employee involvement in
environmental initiatives. The significant effect of Organizational Green Involvement (OGI) aligns with
engagement theory (Kahn, 1990; Schaufeli et al., 2002), which highlights participation as a key driver of employee
engagement. The findings diverge from much of the empirical literature, including Alshaabani et al. (2021) and
Gupta and Jangra (2024), in that they show that green training, rewards, and performance management do not
significantly influence employee engagement. Additionally, the model's low explanatory power suggests that
GHRM practices alone are insufficient predictors of engagement, supporting Ababneh's (2021) arguments for a
more integrated approach.

Importantly, the negative yet significant relationship between OGI and engagement contrasts with prior positive
assumptions (Masri & Jaaron, 2017), indicating that poorly implemented or burdensome green initiatives may
reduce engagement. From the perspective of the Ability-Motivation-Opportunity Theory (Appelbaum et al.,
2001), the findings suggest an imbalance in which opportunity exists without sufficient support from the
ability and motivation components.

Conclusion

This study finds that the influence of GHRM practices on employee engagement in Nepalese commercial banks
is limited and highly context-dependent. Among the examined practices, only organizational green involvement
shows a statistically significant effect, emphasizing the importance of employee participation in environmental
initiatives. However, the negative direction of this relationship suggests that such involvement may reduce
engagement if it is perceived as an additional burden or is not adequately supported. In contrast, green training,
rewards, and performance management do not have a significant impact on employee engagement, indicating
that the mere implementation of formal green HR practices is insufficient to drive engagement. The model's
low explanatory power further suggests that other organizational and individual factors play a more substantial
role in influencing employee engagement.

The study concludes that the effectiveness of GHRM practices depends largely on how they are implemented
and perceived by employees. For Nepalese commercial banks, a more integrated and supportive approach is
necessary to ensure that green initiatives positively contribute to employee engagement.

Limitations and Directions for the Study

This study has several limitations. It uses a cross-sectional design, which limits causal inferences, and focuses
only on Nepalese commercial banks, thereby restricting generalizability. The low explanatory power suggests
other factors, such as leadership or organizational culture, were not included. Reliance on self-reported data
may introduce bias, and only a limited set of GHRM practices was examined.

Future research should adopt longitudinal or multi-source designs, include additional contextual and
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organizational factors, explore broader GHRM dimensions, and investigate mediating or moderating variables
better to understand the relationship between GHRM and employee engagement.
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Abstract

Liquefied Petroleum Gas (LPG) cylinders play a critical role in
industrial energy storage, with increasing demand for large-capacity
units such as 450 kg cylinders in commercial applications. However,
their structural integrity and fatigue performance under cyclic loading
conditions remain less explored. This study aims to design, model, and
evaluate the fatigue life of a 450 kg LPG cylinder using a combination
of analytical methods and finite element analysis (FEA), in accordance
with EN 13445 and ASME standards. The research methodology
integrates thin-walled pressure vessel theory for preliminary design
with three-dimensional modeling and numerical simulation to assess
stress distribution, deformation, and fatigue behavior. Results indicate
that while the general cylindrical shell experiences uniform stress
within allowable limits, localized stress concentrations occur at nozzle
connections, support structures, and welded regions, with a maximum
equivalent stress of 573.07 MPa and deformation of approximately
3 mm. Fatigue analysis using the S—N approach and Miners rule
indicates that the cylinder can safely withstand the expected service
cycles, with a damage factor less than unity and a minimum fatigue life
of approximately 57,515 cycles. The study concludes that although the
overall design is structurally adequate, fatigue performance is governed
by stress-concentration zones, necessitating geometric optimization. The
findings have practical implications for improving the safety, reliability,
and standardization of large-capacity LPG storage systems in industrial
applications. This work contributes to the limited research on large LPG
cylinders by providing a combined analytical and numerical framework
for design validation and fatigue assessment.

Keywords: ASME code, EN 13445, fatigue life, finite element analysis,
LPG cylinder, pressure vessel design, and stress concentration
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1. Introduction

Liquefied Petroleum Gas (LPG) is widely used as a clean and efficient energy source across residential,
commercial, and industrial sectors. In Nepal, it has become one of the primary fuels for cooking and energy
use, particularly in urban areas where alternatives remain limited. Over the years, its consumption has steadily
increased due to population growth, urbanization, and changing energy demands (International Energy Agency
[IEA], 2023). Nepal relies heavily on imports to meet this demand, with petroleum products, including LPG,
primarily supplied from neighboring countries. According to the Department of Customs, Nepal (2023), a
substantial volume of LPG is imported annually, reflecting the country’s growing dependence on this fuel.
This reliance makes the safety and reliability of storage and distribution systems critically important, as any
failure could pose serious safety risks and disrupt supply. Traditionally, LPG distribution in Nepal has been
based on small-capacity cylinders, such as the 14.2 kg units commonly used in households. These cylinders are
well-regulated and extensively studied. However, increasing demand from commercial users, including hotels,
restaurants, and small industries, has led to a gradual shift toward larger-capacity cylinders, particularly 450 kg
units used for bulk storage. While these larger cylinders improve operational efficiency by reducing the need
for frequent replacement, they also introduce greater risks due to higher internal pressure and increased stored
energy. As pressure vessels, LPG cylinders are designed to withstand significant internal pressure and varying
operating conditions. During service, they are subjected to repeated loading cycles associated with filling,
transportation, and discharge. Over time, these cyclic loads can lead to fatigue, a primary failure mechanism
in such systems (Stephens et al., 2001). International standards such as EN 13445-3 (CEN, 2014) and the
ASME Boiler and Pressure Vessel Code (ASME, 2021) provide established guidelines for design and fatigue
assessment. However, their application to large-capacity LPG cylinders, particularly under local operating
conditions, requires careful evaluation. In recent years, analytical tools such as finite element analysis (FEA)
have become essential for understanding stress distribution and identifying critical regions prone to failure.
These methods are especially effective in analyzing areas such as supports, nozzles, and welded joints, where
stress concentrations are typically high. In parallel, non-destructive testing (NDT) techniques enable inspection
and condition assessment without damaging the structure, supporting safer operation and maintenance practices
(Hellier, 2013). Despite these advancements, most existing research and design practices focus primarily on
smaller LPG cylinders. There is limited work on the structural behavior and fatigue performance of large-
capacity cylinders, such as the 450 kg type, particularly in Nepal, where their adoption is still emerging. At
the same time, practical challenges persist in commercial applications. Smaller cylinders require frequent
replacement, which is inefficient, while alternatives such as LPG banks are sometimes implemented without
consistent safety guidelines. This highlights the need for a more reliable and standardized approach to large-
scale LPG storage. In this context, a detailed understanding of the structural response and fatigue behavior
of large LPG cylinders is essential for ensuring safe and reliable operation. This study focuses on the design,
modeling, and fatigue life assessment of a 450 kg LPG cylinder using both analytical methods and finite element
analysis in accordance with relevant international standards. The work aims to evaluate stress distribution and
deformation characteristics, identify critical regions of stress concentration, and assess fatigue life under cyclic
loading conditions. The analytical results are further compared with finite element simulations to validate the
modeling approach and provide a more comprehensive understanding of the structural performance of large-
capacity LPG cylinders in industrial applications.

2. Review of Literature

Liquefied Petroleum Gas (LPG) is widely recognized as a reliable and efficient energy source for domestic,
commercial, and industrial applications due to its high calorific value, clean combustion, and ease of storage
in pressurized form. It is primarily composed of propane (C3Hg) and butane (C4H1¢), with minor quantities
of other hydrocarbons depending on processing conditions. The proportions of these components vary with
climate and supply practices: propane is preferred in colder environments for its superior vaporization
characteristics. At the same time, butane is more suitable for warmer regions due to its higher energy density
(World LPG Association, 2022).In Nepal, LPG composition typically consists of a propane—butane mixture
that varies seasonally with supply sources and climatic conditions (Nepal Oil Corporation, 2021). These
variations directly influence vapor pressure inside storage cylinders, making thermophysical properties a key
consideration in pressure vessel design.
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Table 1: Physical Properties of Propane and Butane

Property Propane Butane

Chemical Formula

Boiling Point -42°C -0.5°C
Density (Liquid) 493 Kg/ m? 584 Kg/ m?
Heating Value 46.4 MJ/Kg 45.7 MJ/kg

LPG is stored and transported in cylinders of varying capacities depending on usage. Domestic applications
generally rely on small cylinders ranging from 5 kg to 14.2 kg, while the commercial and industrial sectors
increasingly depend on larger units, including cylinders ranging from 50 kg to 450 kg (Kumar et al., 2016).
The adoption of large-capacity cylinders has grown steadily in sectors such as hospitality, manufacturing, and
centralized heating systems due to improved efficiency and reduced handling frequency. These cylinders are
essentially pressure vessels designed to safely contain LPG at pressures that may exceed 10—15 bar under
operating conditions. Depending on installation requirements, they are typically configured in vertical or
horizontal orientations, with horizontal cylinders often preferred for bulk storage due to improved stability and
ease of transport. The structural integrity of an LPG cylinder depends on its primary components, including the
cylindrical shell, heads, base support, and welded joints. Each component plays a specific role in maintaining
pressure containment and structural stability.

Table 2 : Major Structural Components and Functions

Components Function
Cylinder Shell Main pressure-containing body
Dome/Head Distributes internal pressure uniformly
Valve Controls LPG flow in and out of the cylinder
Stand/Base Ring Supports the cylinder during storage
Protective Cap Protects the valve from mechanical damage
Weld Joint Connects the shell and head sections
Lifting Lugs Used for safe handling and transportation

From an engineering perspective, LPG cylinders fall under the broader category of pressure vessels, which are
designed to store fluids at pressures significantly different from ambient conditions. The design of such vessels
must account for internal pressure, temperature variations, and mechanical loads during service. As highlighted
by Megyesy (2008), cylindrical shells combined with ellipsoidal or hemispherical heads are commonly
adopted because they provide a more uniform stress distribution compared to flat geometries. To ensure safe
operation, pressure vessel design is governed by established international standards, particularly the ASME
Boiler and Pressure Vessel Code and EN 13445, These standards define requirements for material selection,
allowable stresses, fabrication methods, inspection procedures, and fatigue assessment. 13445, specifically
developed for unfired pressure vessels, provides two primary design approaches: Design by Formula (DBF)
and Design by Analysis (DBA) (CEN, 2021). DBF relies on simplified analytical equations derived from
classical mechanics, whereas DBA enables more detailed evaluation using numerical methods such as finite
element analysis. The standard also defines allowable stress limits based on material strength properties to
ensure adequate safety margins. Stress analysis forms the foundation of pressure vessel design. Under internal
pressure, cylindrical vessels experience two principal stresses: hoop (circumferential) and longitudinal (axial).
For thin-walled cylinders, hoop stress is typically the governing parameter, being approximately twice the
longitudinal stress. While analytical expressions provide a useful starting point, real structures often exhibit
stress concentrations at discontinuities such as nozzles, supports, and weld joints. These localized effects are
critical in fatigue assessment, as they often become initiation points for crack formation. Material selection
plays a central role in determining the structural performance and durability of LPG cylinders. Pressure vessel
standards recommend materials that provide adequate strength, ductility, and resistance to cyclic loading.
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Steels such as P355GH are widely used due to their favorable mechanical properties and weldability (CEN,
2021). In some applications, higher-strength materials such as E450BR are adopted to improve load-bearing
capacity and structural efficiency.

Table 3: Chemical Composition of E450BR

Grade %C %Mn %S %P %Si CE, max |Mode of Deoxidation

E 450 BR|0.22 max [1.65 max ]0.045 max [0.045 max [0.45 max [0.52 Semi-killed/Killed

Table 4: Mechanical Properties of E450BR

Grade UTS MPa min YS, MPa min %EL min
E450BR 588 519 38

In addition to the main shell material, components such as nozzles and couplings are often manufactured from
low-temperature steels, such as SA-350 LF2, which retain toughness at sub-zero temperatures (ASME, 2021).
The use of elliptical heads further enhances structural performance by reducing stress concentration at critical
junctions. Manufacturing processes, including plate rolling, welding, heat treatment, and hydrostatic testing,
significantly influence cylinder reliability. Among these, welding is particularly critical, as weld regions are more
susceptible to defects and fatigue damage (Patil & Yadav, 2019). Beyond material and geometry considerations,
pressure vessel failure is often influenced by geometric imperfections and structural discontinuities. EN 13445
identifies issues such as peaking and angular distortion at weld seams, which introduce additional bending
stresses not captured by simple analytical models (CEN, 2021). These imperfections can significantly accelerate
fatigue crack initiation, especially in large-capacity vessels. Similarly, structural attachments such as supports
and lifting lugs introduce localized stress concentrations. These discontinuities can result in secondary stresses
that exceed nominal design values, increasing the risk of cyclic plastic deformation and long-term damage.
Fatigue behavior is a critical concern in LPG cylinders due to repeated filling and discharge cycles. Even when
operating stresses remain below yield strength, cyclic loading can initiate and propagate cracks over time
(Stephens et al., 2001). Fatigue life is commonly evaluated using S—N curves, which relate stress amplitude to
the number of cycles to failure.
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Standards such as EN 13445 require fatigue analysis when the number of pressure cycles exceeds a defined
threshold, typically around 500 full cycles (CEN, 2021). The evaluation involves comparing calculated stress
ranges with standardized fatigue design curves. Similarly, ASME Section VIII Division 2 provides a structured
approach to fatigue assessment, including stress evaluation, calculation of alternating stress, and cumulative
damage analysis using Miner’s rule. A design is considered safe when the cumulative damage factor remains
below unity (ASME, 2021). As pressure vessel design becomes increasingly complex, numerical methods
such as finite element analysis (FEA) have become essential tools. FEA enables detailed evaluation of
stress distribution across complex geometries and helps identify critical regions prone to failure. For LPG
cylinders, these regions often include weld joints, supports, and nozzle connections. To ensure accuracy,
analytical calculations based on classical theory are often used alongside FEA results. This combined approach
improves confidence in predictions and helps identify any inconsistencies in modeling assumptions. Despite
extensive research on LPG cylinders, most existing studies focus on small and medium-capacity units. There
is comparatively limited work addressing large-capacity cylinders, particularly the 450 kg type used in
industrial applications. This gap becomes more significant in contexts such as Nepal, where the adoption of
such systems is increasing alongside the gradual implementation of international standards like EN 13445.
A more detailed understanding of stress distribution, fatigue behavior, and structural reliability in large LPG
cylinders is therefore necessary. Addressing this gap through combined analytical and numerical approaches
can contribute to safer design practices and more reliable industrial applications.

3. Research Methodology
3.1 Introduction

Liquefied Petroleum Gas (LPG) storage systems require pressure vessels that can safely withstand
internal pressure and cyclic loading during service. In practical applications, LPG cylinders undergo
repeated pressurization and depressurization during filling, transportation, and discharge. These cyclic
effects can lead to fatigue damage, which may compromise structural integrity if not properly addressed
during design. This study presents the design, structural evaluation, and fatigue assessment of a 450 kg
(=1 m*®) LPG storage cylinder. The methodology integrates analytical pressure-vessel design calculations
with finite element analysis (FEA) to evaluate stress distributions and fatigue performance. The design
approach follows EN 13445-3:2021 and the ASME Boiler and Pressure Vessel Code Section VIII Division
2, which provide standardized procedures for thickness design, stress analysis, and fatigue evaluation
(American Society of Mechanical Engineers [ASME], 2021; European Committee for Standardization
[CEN], 2021).

3.2 Determination of Cylinder Capacity and Geometry

The design process begins by determining the required internal volume based on the LPG storage
capacity. The filling ratio method is used to relate the mass of LPG to the water capacity of the cylinder:

_ Mass of LPG
"~ Water Capacity

Using a typical filling ratio of 0.425 kg/L, the required water capacity for storing 450 kg of LPG is
approximately 1.06 m>. This ensures sufficient vapor space for the liquid's thermal expansion. The LPG
cylinder is modeled as a vertical cylindrical vessel with 2:1 ellipsoidal heads, which provide efficient
stress distribution and are commonly used in industrial applications (Moss & Basic, 2013).

The total internal volume is expressed as:

V = Vipenl + 2Vhead

where the cylindrical shell volume and ellipsoidal head volume are given by:
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Vepell = TLGntheud = ﬁDi

Based on these relations, the shell length is determined to satisfy the required total volume.

3.3 Design Parameters and Material Selection

The design parameters are selected based on operating conditions and code requirements. The cylinder is
designed for an internal pressure of 1.76 MPa and a design temperature of 65°C. A joint efficiency of 0.85
and a corrosion allowance of 0.5 mm are considered. The selected material is E450BR structural steel
(IS, 2062), which offers high yield strength, good weldability, and adequate toughness. The allowable
stress used in the design is 245 MPa, consistent with code-based limits for pressure vessel materials
(CEN, 2021).

3.4 Analytical Pressure Vessel Design

The analytical design is carried out using thin-walled pressure vessel theory, which is valid since the
thickness-to-diameter ratio is significantly less than 0.1 (Budynas & Nisbett, 2020).

3.4.1 Cylindrical Shell Thickness

he hoop stress in a thin cylindrical pressure vessel is expressed as:
PD

T2t

The required shell thickness is calculated using EN 13445-3:

Op

PD

=2

Based on the design parameters, the minimum required shell thickness is 4.2 mm. A higher thickness is
selected to account for corrosion allowance and manufacturing considerations.

3.4.2 Ellipsoidal Head Thickness

The thickness of the 2:1 ellipsoidal head is determined according to EN 13445-3 by considering three
criteria: membrane stress, knuckle yielding, and buckling resistance. The governing thickness is selected
as the maximum value obtained from these criteria, including corrosion allowance. Based on this
approach, the required head thickness is approximately 5.3 mm, and a standard thickness of 5.5 mm is
adopted.

3.5 Stress Verification

The stresses developed in the cylindrical shell are evaluated to ensure they remain within allowable
limits. The hoop and longitudinal stresses are calculated using thin cylinder theory, and the equivalent
stress is determined using the von Mises criterion:

o, = /0,% + 012 — 0,0

The calculated equivalent stress is found to be lower than the material's allowable stress, confirming the
safety of the design.

3.6 Geometric Modeling of LPG Cylinder

76

A three-dimensional geometric model of the 450 kg LPG cylinder was developed to represent the
actual configuration used in industrial applications. The model consists of a cylindrical shell with two
2:1 ellipsoidal heads, which are commonly used for their improved stress distribution. The complete
geometric model is shown in Figure 2.
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Figure 2: Three-dimensional CAD model of the LPG cylinder

The internal diameter and shell length were determined from the volume requirement, while the thickness
of the shell and heads was obtained from analytical design calculations. Additional features such as
nozzles, supports, and end connections were incorporated into the model to capture realistic boundary
conditions and stress concentrations. A detailed view of these geometric features is presented in Figure 3.
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Figure 3 : Detailed view of 450 kg LPG cylinder
The modeling was carried out using SolidWorks. Proper geometric continuity was maintained at the
junctions between the cylindrical shell and ellipsoidal heads to avoid artificial stress discontinuities.
Special attention was given to critical regions such as the head-to-shell junction, nozzle intersections,
and support attachments, as these locations are highly susceptible to stress concentration and play a
significant role in fatigue behavior. The final geometry was exported in a standard format (e.g., STEP/
IGES) and imported into ANSYS Workbench for further finite element analysis.

3.6 Finite Element Analysis

To capture localized stress concentrations, a three-dimensional finite element model of the LPG cylinder
is developed. The model includes the cylindrical shell, ellipsoidal heads, nozzles, and support structures.
The mesh is generated using a combination of tetrahedral and hexahedral elements, with refinement
applied in critical regions such as nozzle connections and head-to-shell junctions. Appropriate boundary
conditions are applied to simulate actual operating conditions, including internal pressure, self-weight,
and external loads on nozzles, enabling detailed evaluation of stress distribution and identification of
critical regions that may influence fatigue life (Cook et al., 2002).
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3.7 Fatigue Assessment

3.8

Fatigue behavior is evaluated using both the stress-life (S—N) approach and the ASME fatigue
methodology.
The stress amplitude is defined as: AS

Sa = 7

The S—N relationship is expressed using the Basquin equation:

o, = AN®
In the absence of experimental data, the S—N curve is constructed using empirical relations based on the
material's ultimate tensile strength (Budynas & Nisbett, 2020; Dowling, 2013). Additionally, fatigue life
is estimated using ASME Section VIII Division 2 procedures. The alternating stress obtained from FEA
is used to determine fatigue parameters, and the allowable number of cycles is calculated.

Cumulative fatigue damage is evaluated using Miner’s rule:

n
Df:ﬁ

The calculated damage factor is less than unity, indicating that the cylinder can safely withstand the
expected number of service cycles.

Analytical Validation

To validate the numerical results, analytical calculations of stress and deformation are performed using
the thin cylinder theory. The radial deformation is estimated using elasticity relations and compared with
FEA predictions. Although slight differences are observed due to localized stress effects and modeling
assumptions, the results show reasonable agreement, confirming the reliability of the analysis.

4. Results

4.1 Stress Distribution

78

The finite element analysis was performed to evaluate the stress distribution in the 450 kg LPG cylinder
under combined loading conditions. The stress state was assessed using the von Mises equivalent
stress criterion. The stress contour obtained from the simulation is presented in Figure 4. The results
show that the maximum equivalent stress is 574.66 MPa, occurring at localized regions such as Nozzle
connections, Base support attachments, and welded junctions. In contrast, the majority of the cylindrical
shell experiences relatively uniform stress in the range of 127 MPa to 191 MPa.

000 450.00 900,00 (mm)
I ]

225.00 675.00

Figure 4: Maximum Equivalent Stress

Volume 1, Issue 1, May 2026



4.2 Deformation Results

Himalayan Whitehouse International College NEXUS

The total deformation of the LPG cylinder under applied loads is shown in Figure 5
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Figure 5: Total deformation of the LPG cylinder

The simulation results indicate a maximum deformation of approximately 3 mm. The deformation is primarily
concentrated near the support structures and nozzle regions, while the cylindrical body shows relatively
uniform displacement.

4.3 Identification of Critical Regions

The finite element results highlight several critical regions of stress concentration. These regions are
shown in Figure 6

0.00 35000 700.00 (i) .
I
175.00 525.00

Figure 6: Stress concentration in critical regions of the LPG cylinder

4.4 Fatigue Analysis Results (Analytical Method)

The fatigue analysis was carried out in accordance with ASME Section VIII, Division 2 procedures.
Based on the stress range obtained from FEA, the effective alternating stress amplitude was calculated
as approximately 286 MPa.

The number of cycles to failure was determined as:
N =3.085 x 10*cycle
4.5 Fatigue Damage Factor

The fatigue damage factor was evaluated using Miner’s rule. For an expected operating life of 12,000
cycles, the damage factor is:

D, =0.3889

Since the value is less than unity, the design satisfies fatigue safety requirements.
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4.6 Fatigue Life Results (Numerical Method)

Type: Life
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Fatigue life prediction was also performed using ANSYS Workbench. The fatigue life contour is shown in Figure 7.
Figure 7: Fatigue life distribution of the LPG cylinder

The results indicate:
e  Minimum fatigue life = 57,515 cycles
e Maximum fatigue life = 1 x 108 cycles

The minimum life occurs near the base support regions, indicating these areas are critical for fatigue performance.

5. Discussion

The results demonstrate that the overall LPG cylinder design is structurally adequate; however, localized stress
concentrations significantly influence performance.

Although the cylindrical shell experiences stress within acceptable limits, the maximum stress of 573.07
MPa exceeds the allowable stress, indicating that certain regions are highly stressed. These high stresses are
confined to small areas and are primarily caused by geometric discontinuities such as nozzles and support
attachments. The deformation obtained from FEA (3 mm) is considerably higher than the analytical prediction
(~0.3 mm). This difference arises because analytical methods assume ideal geometry and loading, whereas the
numerical model incorporates realistic conditions, including supports, nozzles, and gravity effects.

Fatigue analysis shows that the cylinder can withstand the expected number of cycles, as the calculated damage
factor is less than unity. However, fatigue life is governed by stress-concentration regions rather than by the
main cylindrical body. The numerical fatigue results further confirm that the support structures are the most
critical components, with the lowest fatigue life observed at their inner radius. This indicates that the design is
safe under pressure loading but may require improvements to the support geometry. To enhance performance
and reliability, the following design improvements are recommended:

e  Introduction of fillets at sharp geometric transitions

e  Optimization of support structure design

e  Reduction of stress concentration at nozzle connections

Overall, the study highlights the importance of combining analytical design with finite element analysis to
evaluate the structural and fatigue behavior of LPG cylinders accurately.

6. Conclusion

This study presented the design, structural analysis, and fatigue assessment of a 450 kg LPG storage cylinder
using a combination of analytical methods and finite element analysis. The analytical design, based on
pressure-vessel theory, provided baseline dimensions and confirmed that the general shell structure meets
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strength requirements under internal pressure. Finite element analysis enabled detailed evaluation of stress
distribution and revealed localized stress concentrations at nozzle connections, support attachments, and
geometric discontinuities. While the majority of the cylindrical shell experienced stresses within acceptable
limits, peak stresses were observed in critical regions, highlighting the limitations of analytical approaches
in capturing localized effects. The fatigue assessment, performed using both analytical procedures and
numerical methods, indicates that the cylinder can safely withstand the expected number of operating cycles.
The calculated fatigue damage factor remained below unity, confirming the adequacy of the design under
cyclic loading conditions. However, fatigue life was found to be governed by stress concentration regions,
particularly near support structures.

Overall, the study demonstrates that integrating analytical design with numerical simulation provides a more
realistic and reliable evaluation of LPG cylinder performance. The findings also emphasize the importance of
addressing geometric discontinuities to improve structural integrity and fatigue life.
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1. Introduction

Emotional intelligence (EI), popularized by Goleman (1995) and conceptually developed by Salovey and
Mayer (1990), refers to the ability to perceive, understand, regulate, and utilize emotions in oneself and others.
In organizational contexts, EI has been recognized as a critical competency that influences employees' attitudes,
behavior, and performance. This is particularly relevant in the banking sector, where employees operate in
high-pressure, service-intensive environments characterized by performance targets, regulatory demands, and
continuous customer interaction. Empirical evidence consistently links EI with improved job performance,
teamwork, stress management, and organizational commitment (Carmeli, 2003; Sy & Coété, 2004; Radha &
Aithal,2023). Recent studies further indicate that organizations investing in EI development report gains in
collaboration, leadership effectiveness, and productivity (Shah & Sah, 2024; Dahir, 2025). Collectively, this
literature suggests that EI complements technical competence by enhancing adaptability and interpersonal
effectiveness capabilities that are increasingly vital in dynamic financial markets.

Despite extensive international research, empirical attention to the role of EI in Nepal’s commercial banking
sector remains limited, even though it operates in a rapidly evolving and competitive environment. Employee
development practices in many Nepalese banks continue to emphasize technical expertise and tenure over
emotional and behavioral competencies (Dahal et al., 2025). Given increasing workplace stress, service
expectations, and organizational change, neglecting EI may constrain employee effectiveness and overall
performance. Accordingly, a contextual gap exists between established global findings and the limited
evidence from Nepalese commercial banks. This study addresses that gap by assessing the levels of emotional
intelligence and employee performance in Nepalese commercial banks and examining the direct impact of EI
on employee performance.

2. Review of Literature

El refers to the capacity to recognize, understand, manage, and influence one's own emotions and the emotions
of others (Goleman, 2020). Goleman’s model identifies five key components of EI: self-awareness, self-
regulation, motivation, empathy, and social skills that together enable individuals to navigate complex social
environments and contribute more effectively to organizational goals. Bar-On (2006) defined EI as an array of
emotional and social abilities that impact an individual’s overall functioning, including their ability to adapt
to challenges and manage stress.

Employee performance refers to how effectively an employee fulfills their job responsibilities and contributes
to achieving organizational objectives (Organ, Podsakoff, & Mackenzie, 2006). Performance is not only
determined by technical skills but also by emotional intelligence, which influences an employee's ability to
collaborate, manage stress, and adapt to changing work environments (Miao, Humphrey, & Qian, 2017).
High-performing employees are distinguished by their ability to consistently deliver high-quality results, work
effectively within teams, and navigate organizational challenges (Mahmood, Uddin, & Fan, 2018).

Bar-On’s Emotional-Social Intelligence Model (1997) offers a comprehensive framework for understanding
emotional intelligence as a combination of emotional and social competencies that enables individuals to
manage and adapt to environmental demands effectively. The model posits that EI is not a singular ability
but a set of interrelated skills that individuals can develop to improve both personal and professional success.
Bar-On's model identifies five key components: intrapersonal skills, interpersonal skills, adaptability, stress
management, and general mood (Bar-On, 1997). These components collectively contribute to an individual’s
ability to navigate social and emotional challenges, fostering better performance in both work and life.

The empirical literature on the relationship between emotional intelligence and employee performance consistently
shows a positive correlation. Emotional Intelligence, which includes the ability to recognize, understand, and regulate
one's own emotions and the emotions of others, has been found to improve various aspects of employee performance,
such as stress management, empathy, communication, adaptability, and collaboration (Miao, Humphrey, & Qian,
2017; Mahmood, Uddin, & Fan, 2018). Research indicates that employees with higher EI perform better due to
enhanced interpersonal skills, emotional regulation, and decision-making abilities, which contribute to improved
teamwork, job satisfaction, and productivity (Mahbub & Barhate, 2025).
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One key component of emotional intelligence, self-awareness, is particularly important in enhancing employee
performance. Self-aware employees tend to have higher job productivity, better interpersonal relationships, and
increased job satisfaction. These employees can manage their emotions, set realistic goals, and adapt to challenges
effectively (Mahbub & Barhate, 2025). Self-awareness also plays a critical role in emotional regulation, allowing
employees to handle pressure and perform well in dynamic work environments (Ashkanasy & Dorris, 2017).
Another vital emotional intelligence component, empathy, is linked to improved job performance through better
communication, conflict resolution, and collaboration. Empathetic employees build stronger relationships with
colleagues, leading to a more supportive work environment and enhanced teamwork. Research has also shown
that empathy is associated with higher job satisfaction and motivation, both of which are crucial for performance
(Rahman, Ferdausy, & Uddin, 2012). Empathy also contributes to effective leadership, with empathetic leaders
fostering a more engaged and motivated workforce (Ashkanasy & Dorris, 2017).

Stress management, another important EI factor, has a significant impact on employee performance. Employees
who manage stress effectively tend to be more productive, adaptable, and satisfied with their jobs. They are
better equipped to handle workplace challenges, maintain focus under pressure, and engage with colleagues in
positive ways (Ashkanasy & Dorris, 2017). Effective stress management also improves physical and mental
health, reducing burnout and absenteeism, which further enhances job performance (Mahmood, Uddin, & Fan,
2018; Santos, Wang, & Lewis, 2018).

3. Research Methodology

This study adopts a descriptive and explanatory research design. The descriptive component assesses employees'
perceptions of EI, while the explanatory component investigates causal relationships among EI components,
self-awareness, empathy, stress management, and employee performance. A quantitative approach is used to
ensure statistical objectivity and accuracy.

Source: Gupta & Singhal (2020)

Figure I Conceptual Framework
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Results

The Chi-square value (CMIN = 1034.325, d.f. = 247, p < .001) remained statistically significant, which is
typical in large sample sizes (Byrne, 2010). Following the removal of the poorly performing item EP 7, the
measurement model of Emotional Intelligence (EI) and Employee Performance (EP) demonstrated improved,
though still moderate, overall fit. However, the Chi-square to degrees of freedom ratio (CMIN/DF = 4.188)
fell within the acceptable threshold of less than 5, indicating a tolerable level of model fit (Marsh & Hocevar,
1985). Incremental fit indices showed a notable improvement over the previous model. The Comparative Fit
Index (CFI = .849), Incremental Fit Index (IFI = .850), and Normed Fit Index (NFI = .812) all approached
or met the minimum recommended threshold of 0.80, suggesting that the revised model offers an acceptable
approximation to the observed data (Hu & Bentler, 1999; Kline, 2016). The Tucker-Lewis Index (TLI = .832)
further supports the model's moderate adequacy.

However, the RMSEA = .090; 90% CI = .084—-.095, remained at a mediocre level, as values below .08 are
preferred for good model fit (Browne & Cudeck, 1993). The p-close value was .000, indicating that the
model does not meet the criteria for a close fit. While the model still does not meet ideal fit standards, the
improvements in key incremental indices suggest that removing item 7 from employee performance (EP_7)
enhanced the model’s structural integrity. This aligns with the recommendation by Hair et al. (2019), who
emphasize the importance of refining measurement models by eliminating indicators with weak standardized
loading to improve construct validity and overall model fit.

All constructs demonstrate strong internal consistency, as indicated by composite reliability values exceeding
the recommended threshold of 0.70 (Hair et al., 2019). Specifically, the composite reliabilities are 0.859 for
Self-Awareness, 0.855 for Empathy, 0.902 for Stress Management, and 0.873 for Employee Performance.
These results confirm that the items within each construct consistently measure the intended latent variables.

Table 1 : Reliability and Validity Analysis

Composite Reliability |AVE Mean (SD)
Self- Awareness 0.859 0.552 2.73 (0.908)
Empathy 0.855 0.543 3.41 (0.90)
Stress Management 0.902 0.510 3.75 (0.88)
Employee Performance 0.873 0.579 3.59 (0.75)

Among the three dimensions of emotional intelligence, self-awareness, empathy, and stress management
emerged as the most positively perceived by employees. This indicates that respondents generally consider
themselves capable of effectively managing workplace pressures, maintaining emotional control, and handling
stress-inducing situations with resilience and composure.

Empathy also received a relatively favorable assessment from participants. This suggests that employees
believe they can understand and respond to others' emotions, demonstrating concern, compassion, and
sensitivity in interpersonal interactions. Such a perception is critical in collaborative environments like
commercial banks, where teamwork, communication, and customer service are fundamental to organizational
success. Employee performance was similarly rated positively, reflecting employees’ confidence in their
productivity, adaptability, and contributions to team effectiveness. This implies a general self-perception of
being competent in fulfilling job responsibilities, adjusting to changing work conditions, and working well
with others to achieve organizational objectives.

In contrast, self-awareness was the least positively rated dimension among the constructs studied. This finding
points to a potential area for development, as it suggests that employees may not be fully aware of their
emotions, strengths, weaknesses, or of how their behavior influences others. A lower level of self-awareness
could limit reflective thinking, emotional regulation, and personal growth, all of which are essential for
effective decision-making and leadership.

The results presented in Table 2 of the structural equation modeling evaluated three dimensions of EI: self-
awareness, empathy, and stress management to determine their predictive influence on employee performance.
Among these, empathy emerged as the strongest predictor, with a significant positive effect on employee
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performance (3 = 0.539, p <0.001). Hypothesis 2 (H2) tested this relationship, signifying that employees who
exhibit higher levels of empathy, such as understanding others’ emotions and responding appropriately, are
more likely to perform effectively in the workplace. Similarly, stress management demonstrated a significant
positive relationship with performance (8 = 0.203, p = 0.002), supporting Hypothesis 3 (H3), suggesting that
the ability to manage emotional pressure and maintain composure under stress contributes meaningfully to
improved job outcomes.

Table 2 : Path Analysis

Coeff. Critical Ratio P-Values Result
Self-Awareness — EP(H1) -0.01 9.729 0.848 Not Supported
Empathy — OC (H2) 0.54 1.831 <0.001 Supported
Stress Management — OC (H3) 0.20 4.725 0.002 Supported
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In contrast, self-awareness did not have a statistically significant impact on employee performance (f =
-0.011, p = 0.848), suggesting that while self-awareness is an important personal trait, it may not directly
translate into improved performance without complementing other emotional competencies, such as empathy
or emotion regulation. Here, H1 is not supported, suggesting that self-awareness alone does not have a direct
or meaningful effect on employees' performance of their duties. This may imply that while awareness of one’s
emotions is valuable, it may not translate directly into improved job outcomes unless coupled with other
emotional or behavioral competencies among employees of Nepalese commercial banks.

:
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Discussion

The significant positive relationship between empathy and employee performance indicates that effectiveness
in banking is inherently relational. Employees routinely engage with clients facing financial concerns,
colleagues managing operational demands, and supervisors enforcing performance targets. Empathy likely
enhances trust, reduces interpersonal friction, and improves service responsiveness, thereby strengthening
both individual and team outcomes. While Goleman (1998) and Bar-On (1997) conceptualize empathy as
central to social effectiveness, the present findings suggest that, in banking, empathy operates as a practical
performance driver by directly shaping communication quality and customer relations. Similarly, the positive
association between emotional regulation and performance reflects the regulatory and performance pressures
characteristic of banking roles. Employees who can manage emotional reactions and maintain composure under
stress are less susceptible to performance disruptions caused by conflict or emotional exhaustion. Emotional
regulation appears to function as a stabilizing resource, preserving decision-making capacity and professional
conduct in demanding situations. This interpretation is consistent with Boyatzis (2017) and Cherniss (2010),
who argue that self-regulation sustains effectiveness in high-pressure environments. In this context, emotional
control translates into sustained productivity and service consistency.

In contrast, self-awareness did not demonstrate a significant direct relationship with performance. Although
prior research identifies self-awareness as foundational to emotional intelligence and performance (Goleman,
2020; Mahmood et al., 2018; Miao et al., 2017), the present findings suggest its influence may be indirect. Self-
awareness involves internal recognition of strengths, weaknesses, and emotional states; however, performance
metrics in commercial banks are largely outcome-based, emphasizing target achievement and procedural
compliance. Without corresponding behavioral adaptation, self-awareness alone may not produce observable
performance gains. Organizational and cultural dynamics may further explain this result. In hierarchical
environments with limited developmental feedback, opportunities to convert self-insight into performance-
enhancing behavior may be constrained. In collectivist workplace settings, externally visible competencies
such as empathy and emotional restraint may carry greater weight in performance evaluation than introspective
capacities.

Conclusion

Employees demonstrate relatively stronger competencies in stress management and interpersonal sensitivity,
while self-awareness appears comparatively less developed. This pattern suggests that employees are generally
capable of coping with workplace pressure and maintaining functional relationships, both of which are critical
in a service-intensive banking environment. The analysis further indicates that emotional intelligence does not
operate uniformly across its dimensions. Empathy and stress management significantly contribute to employee
performance. In commercial banking, where client interaction, teamwork, and performance targets are central,
these competencies directly influence observable workplace behavior. Empathy enhances service quality and
collaboration, while emotional regulation supports consistency and effectiveness under pressure.

In contrast, self-awareness does not directly influence performance outcomes. Although conceptually
foundational, self-awareness alone may not translate into measurable results unless accompanied by behavioral
adaptation. In structured and performance-driven organizational settings, externally expressed emotional
competencies appear to be more practically relevant than introspective awareness.

Limitations and Directions for the Study

This study has limitations, including its focus on Nepalese commercial banks, reliance on self-reported data,
and a cross-sectional design, which may affect the generalizability and causal interpretation of results. Future
research should span different industries and cultures, use multiple data sources, and employ longitudinal or
experimental methods better to understand the influence of emotional intelligence on employee performance.
Additionally, exploring contextual factors and how self-awareness translates into effective behavior could
provide deeper insights.
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Abstract

Small and medium-sized enterprises play a vital role in economic
development in developing countries, yet structural, institutional, and
organizational challenges often constrain their progress toward digital
transformation. This study examines the factors influencing the adoption
of digital transformation among SMEs in Nawalparasi, focusing on four
dimensions: business environment, innovation, digital capabilities, and
digital tools. The study is grounded in the Technology—Organization—
Environment framework, the Technology Acceptance Model, and
Innovation Diffusion Theory. Using a quantitative cross-sectional
survey design, data were collected from 237 SME owners, managers,
and employees. Yamane's sampling formula was applied to determine
the sample size from a population of 27,300 registered SMEs, and the
data were analyzed using descriptive statistics, Pearson correlation,
and multiple linear regression with IBM SPSS Statistics 27.

The findings indicate that digital tools and innovation are the two
significant predictors of digital transformation adoption among SMEs.
Digital tools emerged as the strongest predictor, demonstrating that
firms with greater access to and use of digital technologies are more
likely to adopt digital transformation practices. Innovation also showed
a positive and significant influence, suggesting that organizations with
a stronger culture of experimentation and openness to change are
more inclined to adopt digital technologies. In contrast, the business
environment and digital capabilities did not independently predict
firm-level adoption. Although digital capabilities were statistically
not significant in the regression model, they had the lowest mean,
highlighting major deficiencies in digital strategy, workforce training,
and organizational readiness among SMEs in Nawalparasi. A notable
finding of the study is the paradox between organizational preparedness
and perceived outcomes. Despite weaknesses in strategic capability and
training, respondents expressed strong satisfaction with the outcomes
of digital transformation. This suggests that SMEs are experiencing
the immediate benefits of digitalization while still lacking the deeper
organizational infrastructure required for sustainable transformation.

Keywords: Business environment, digital capabilities, digital
transformation, digital tools, developing economy, innovation, SMEs.
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1. Introduction

Small and medium-sized enterprises (SMEs) are central to economic growth, employment, and innovation
in both developed and developing economies (OECD, 2021). As global markets undergo rapid digitalization,
digital transformation, defined as the systematic integration of technologies such as cloud computing, artificial
intelligence, and digital marketing into core business operations (Matt et al., 2015), has become a strategic
imperative for SMEs seeking sustained competitiveness and viability (Vial, 2019). However, this transition
is far from uniform. SMEs in developing-country contexts face compounding barriers: limited digital
infrastructure, insufficient financial resources, low organizational digital literacy, and persistent resistance to
change (Morakanyane et al., 2020). These conditions make digital transformation adoption substantially more
complex than it appears in high-resource settings.

Despite growing scholarly interest in digital transformation, empirical research targeting SMEs in low-resource
contexts, particularly Nepal, remains critically limited (Vrontis et al., 2022; Amaral & Pecgasb, 2020). Existing
literature disproportionately catalogs barriers such as cost, digital ignorance, and organizational inertia (Khan
& Siddiqui, 2023; Arifia, 2024), while neglecting the enabling conditions of government support, digital
literacy programs, and technology partnerships that could meaningfully accelerate adoption (Jiang, 2024). In
Nawalparasi District, where SMEs underpin local employment and economic activity, this gap is particularly
consequential. External factors, including infrastructure quality, market dynamics, and regulatory frameworks,
further mediate whether adoption is enabled or constrained (Nambisan et al., 2019). However, their interaction
with firm-level vulnerabilities in this context has not been systematically examined.

To rigorously address this gap, the study integrates three complementary frameworks. The Technology—
Organization—Environment (TOE) framework (Tornatzky & Fleischer, 1990) provides an overarching
structural lens for explaining how technological availability, organizational readiness, and environmental
pressures jointly shape adoption decisions. The Technology Acceptance Model (TAM; Davis, 1989) captures
the cognitive and attitudinal dimensions of adoption, showing how perceived usefulness and perceived ease
of use, both of which are critically constrained by low digital literacy in Nawalparasi, determine whether
SME owners and managers embrace or resist digital tools. Innovation Diffusion Theory (IDT; Rogers, 2003)
completes the framework by attending to social and systemic dynamics: low observability of digital success
cases and poor compatibility with informal business practices are expected to slow diffusion, while peer
networks and demonstration initiatives could enhance relative advantage and accelerate uptake.

2. Review of Literature

Four interrelated dimensions shape the adoption of digital transformation among SMEs: the business
environment, innovation capacity, digital capabilities, and digital tool accessibility. Externally, market
competition, regulatory requirements, and government financial incentives create the conditions under which
SMEs either embrace or resist digital solutions (Bhuiyan et al., 2024; Kahveci, 2025). Access to foundational
infrastructure, particularly internet connectivity and cloud computing services, further determines whether
the transition to digital operations is practically achievable (OECD, 2021). Internally, SMEs that cultivate
an innovation-oriented culture demonstrate a greater willingness to adopt digital tools, and those that do
consistently outperform peers on competitiveness and market reach (Cannas, 2021; Rogers, 2021). This
innovation-adoption relationship is bidirectional: digital technologies simultaneously respond to and stimulate
organizational innovation, reinforcing broader growth (Vrontis et al., 2022). However, the realization of
these gains is contingent on digital capabilities, specifically, the technical literacy and IT competency of both
staff and leadership (Bhuiyan et al., 2024). Where capability gaps persist, structured training and executive
commitment become decisive enablers (Ghanim et al., 2022; Scuotto et al., 2017). At the operational level,
tools such as cloud computing, artificial intelligence, ERP systems, CRM platforms, and digital marketing
technologies translate transformation ambitions into measurable efficiency and customer engagement gains,
though budget constraints and data security concerns remain persistent barriers to full utilization (Philbina et
al., 2022; Bhuiyan et al., 2024).
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These four dimensions are theoretically anchored in two complementary frameworks. The Technology—
Organization—Environment framework (Tornatzky & Fleischer, 1990) provides the overarching structural
lens, positing that digital adoption is jointly determined by three contexts: the technological context —
encompassing the availability and perceived usefulness of digital tools (Zhu et al., 2006); the organizational
context covering leadership commitment, digital literacy, financial capacity, and culture (Low et al., 2011;
Vial, 2019); and the environmental context reflecting competitive market pressures, consumer expectations,
and regulatory frameworks (Baker, 2012; OECD, 2020). Complementing TOE at the social and perceptual
level, Rogers's (2003) Diffusion of Innovation (DOI) theory explains how the rate of digital adoption within
SME communities is shaped by five innovation attributes: relative advantage, compatibility, complexity,
trialability, and observability. In the context of Nawalparasi, the low observability of digital success cases
and poor compatibility with established informal business practices are expected to slow diffusion. At the
same time, government-supported demonstration initiatives and peer knowledge exchange could meaningfully
accelerate uptake (Jiang, 2024).

Nepalese empirical studies validate these theoretical expectations while underscoring the depth of remaining
challenges. Adhikari and Molla (2024) found that digitalization significantly improved decision-making,
customer responsiveness, and internal collaboration among Nepalese SMEs, confirming the operational value
of digital tools when effectively deployed. At the intervention level, a UNCDF- and SDC-supported program
enhanced the digital and financial capacities of over 4,000 Nepalese SMEs, particularly women-led enterprises,
by facilitating access to digital markets and targeted capacity building, thereby directly operationalizing TOE's
organizational context (UNCDF, 2023). District-level digital literacy training delivered by FWEAN across
Nawalparasi, Ilam, and Palpa further reduced capability gaps and expanded market access for participating
entrepreneurs (Chapagain, 2023).

3. Research Methodology

This study used a quantitative, descriptive research design to examine the factors influencing the adoption
of digital transformation among SMEs in Nawalparasi District (Aervina Misron et al., 2025; Pratamansyah,
2024). A cross-sectional survey approach is employed, enabling simultaneous data collection across a diverse
sample of SME owners, managers, and employees at a single point in time. This design is well-suited to
the study's objective of assessing how four independent variables, business environment, innovation, digital
capabilities, and digital tools, collectively influence the dependent variable of digital transformation adoption.
The quantitative approach ensures that relationships between variables are measured with statistical precision,
producing findings that are both replicable and generalizable to the broader SME population in the district.

Primary data were collected directly from key organizational informants, specifically SME owners, managers,
and senior employees, who possess firsthand knowledge of their firms' digital practices and strategic
orientations. This approach is consistent with established precedent. Rupeika-Apoga et al. (2022) prioritized
organizational decision-makers when examining digital capability in transformation adoption, whereas Teng
et al. (2022) employed comparable data-sourcing strategies in their investigation of innovation as an adoption
driver. Targeting respondents with direct organizational authority ensures that responses accurately reflect
firm-level realities rather than peripheral or secondhand perceptions.

The study population comprises all registered SMEs in Nawalparasi District, spanning three operational
categories: manufacturing, retail, and tourism, with an estimated total of 27,300 enterprises (Economic
Survey, 2080/81, Ministry of Industry, Commerce and Supplies). To determine an adequate and statistically
defensible sample size, Yamane's (1967) formula was applied at a 5% margin of error. This calculation yielded
a required sample size of 394, sufficient to ensure statistical significance and representativeness across the
SME population. Respondents were selected using convenience sampling, a non-probability method chosen
for its practical efficiency, given the study's resource and time constraints, a technique widely employed in
SME research operating under similar field conditions. Data were collected using a structured questionnaire
comprising 25 items, measured on a five-point Likert scale, developed from validated scales in prior empirical
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research. A total of 410 questionnaires were administered using a dual-mode approach: Google Forms for digital
distribution and printed copies for respondents who preferred physical formats, to maximize accessibility and
response rates. Of the 410 distributed, 243 responses were returned, yielding a response rate of approximately
59%. Following rigorous screening for completeness and internal consistency, 237 questionnaires were
deemed valid and retained for analysis, constituting the final analytical sample.

Three analytical techniques are applied to the 237 valid responses using IBM SPSS Statistics 27 at a
significance level of .05. First, descriptive statistics, including frequencies, percentages, means, and standard
deviations, summarize the demographic profile of respondents and reveal the central tendencies and
distributional patterns within each variable. Second, Cronbach's Alpha assesses the internal consistency and
reliability of all measurement scales, with o> .70 adopted as the benchmark for acceptable reliability, thereby
confirming that each construct consistently measures its intended dimension (Hair et al., 2019). Third, and
most centrally, multiple linear regression analysis is employed to test the directional relationships between the
four independent variables, business environment, innovation, digital capabilities, and digital tools, and the
dependent variable of digital transformation adoption.

4. Results

Among the independent variables, Innovation recorded the highest overall mean score, with a mean of 3.75,
indicating that SMEs generally perceive innovation as a strong contributor to digital transformation, particularly
in enabling innovative products and services, which achieved a mean of 3.83 and a standard deviation of
0.914. Digital Tools achieved a mean of 3.51, while Business Environment recorded a mean of 3.47, both
scoring above the midpoint of the scale and suggesting above-average support from technological resources
and external environmental conditions. Within the Business Environment construct, government policies
encouraging digital innovation received the highest rating, with a mean of 3.61 and a standard deviation of
1.063. In contrast, digital infrastructure adequacy received a lower rating, with a mean of 3.31 and a standard
deviation of 1.176. In contrast, Digital Capabilities produced the lowest overall mean score of 2.89, falling
below the midpoint and indicating insufficient internal digital readiness among SMEs. Employee digital skills
and competencies achieved the highest score within this construct, with a mean of 3.11 and a standard deviation
of 1.279. In contrast, the presence of a clear digital transformation strategy received the lowest score, with a
mean of 2.68 and a standard deviation of 1.251. The dependent variable, Digital Transformation Adoption,
achieved the highest overall mean score in the study, with a mean of 4.38 and relatively low standard deviation
values ranging from 0.616 to 0.750, reflecting strong and consistent agreement among respondents that digital
transformation initiatives have been successfully implemented and have generated measurable organizational
benefits, including increased revenue and profitability.

Table 1 presents the Pearson correlation matrix among the study variables. Digital Tools demonstrated the
strongest significant positive relationship with digital transformation adoption (ADT), with a correlation
coefficient of 0.355 and a significance level below 0.01, indicating that greater use of digital tools is associated
with higher levels of ADT. Innovation also showed a significant positive correlation with ADT (r=0.278, p <
0.01), suggesting that innovative practices contribute positively to digital transformation efforts.

Table 1 : Pearson Correlation Matrix Among Study Variables (n = 237)

Variable ADT BE DC I DT
ADT Digital Transformation Adoption 1
BE Business Environment .006 1
DC Digital Capabilities .083 .018 1
I Innovation 278%* | -132% .284%* 1
DT Digital Tools 355%*% 1-.078 S507** A31%* |1

**p <.01 (2-tailed); * p < .05 (2-tailed).

Volume 1, Issue 1, May 2026 [




Journal of Interdisciplinary Engineering, Technology and Management (JIETM)

In contrast, Digital Capabilities exhibited a weak, statistically non-significant relationship with ADT (r=0.083,
p> 0.05), while Business Environment showed an almost negligible, non-significant correlation (r = 0.006).
Additionally, a strong positive intercorrelation was observed between Digital Tools and Digital Capabilities,
with a correlation coefficient of 0.507 and a significance level below 0.01, indicating the possibility of
multicollinearity that required further examination in the regression analysis. Furthermore, Business
Environment and Innovation showed a significant negative correlation (r = -0.132, p < 0.05), suggesting that
certain external environmental conditions may hinder rather than encourage innovation within SMEs.

Table 2 shows the overall model fit statistics and the regression coefficients. The regression model was
statistically significant, indicating that the set of predictors collectively had a meaningful effect on digital
transformation adoption. The model explained 16.5% of the variation in digital transformation adoption. At the
same time, the adjusted value showed that about 15.0% of the variance remained explained after accounting
for the number of predictors included in the model.

Table 2 : Regression Model Summary and Coefficients

Model Fit: R = .406, R? = .165, Adjusted R =.150, F(4, 232) = 11.429, p <.001
Predictor B SE B t P
(Constant) 14.204 1.408 — 10.086 <.001
Business Environment .043 .043 .060 993 322
Digital Capabilities -.087 .040 -.151 -2.153 .032
Innovation 138 .054 173 2.574 011
Digital Tools 321 .066 362 4.869 <.001

Among the predictors, Digital Tools emerged as the strongest and most significant factor influencing digital
transformation adoption. This indicates that organizations that used digital tools more extensively were more
likely to adopt digital transformation practices. Innovation was also found to have a positive and significant
effect, suggesting that firms with stronger innovative practices tend to adopt digital transformation more actively.

Digital Capabilities showed a statistically significant but negative relationship with digital transformation
adoption. This negative effect is most likely due to suppression effects caused by the strong correlation
between Digital Capabilities and Digital Tools, rather than indicating that digital capabilities genuinely
reduce adoption. In other words, the overlap between these two variables may have distorted the sign of
the coefficient in the regression model. Business Environment was the only predictor that did not have a
statistically significant effect. This suggests that external factors, such as market conditions and regulatory
influences, do not independently determine the adoption of digital transformation when internal organizational
factors are taken into account.

Table 3 presents the results of all four research hypotheses. The findings showed that Hypothesis 4 received
the strongest empirical support, indicating that the availability and use of digital tools are the most important
determinants of digital transformation adoption among SMEs in Nawalparasi. This means that firms with better
access to and utilization of digital tools are more likely to adopt digital transformation practices.

Table 3 : Hypothesis Testing Summary

Hypothesis B p Decision

H1: Business environment has a significant positive re- | .060 322 Not Supported
lationship with digital transformation adoption.

H2: Innovation has a significant positive impact on the | .173 .011 Supported
adoption of digital transformation.

H3: Higher digital capabilities are positively associated | -.151 .032 Not Supported
with digital transformation adoption.

H4: Digital tools significantly and positively influence | .362 <.001 Supported
digital transformation adoption.
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Hypothesis 2 was also supported, confirming that innovation orientation has a significant and positive influence
on digital transformation adoption. The result suggests that organizations that encourage innovation and new
ideas are more likely to engage in digital transformation activities. Hypothesis 1 was not supported because the
business environment did not have an independent effect on digital transformation adoption after accounting
for internal organizational variables. This implies that external conditions, such as market competition or
regulatory factors, may be less influential than internal organizational factors. Hypothesis 3 was also not
supported in the expected direction. Although digital capabilities showed a statistically significant relationship
with digital transformation adoption, the coefficient was negative rather than positive. This negative relationship
is interpreted as a statistical suppression effect caused by overlap with other predictor variables, rather than
indicating that digital capabilities actually reduce digital transformation adoption.

5. Discussion

The findings support earlier studies showing that technologies such as cloud computing, CRM systems,
e-commerce platforms, and Al applications significantly improve operational efficiency, customer engagement,
and organizational performance (Bhuiyan et al., 2024; Philbina et al., 2022). The study confirmed that SMEs
with greater access to and use of digital tools were more likely to adopt digital transformation practices.
However, although respondents rated IT support quality and tool user-friendliness highly, the use of advanced
technologies such as ERP, CRM, and Al systems remained relatively low. This suggests that many SMEs
are still limited to basic digitalization rather than comprehensive digital transformation. Consistent with
the Technology—Organization—Environment (TOE) framework, the findings indicate that technological
resources may exist in principle but are difficult to implement fully due to financial and capability constraints
(Tornatzky & Fleischer, 1990; Zhu et al., 2006). Innovation emerged as the second significant predictor of
digital transformation adoption. This finding aligns with previous research showing that innovation-oriented
organizations are more willing to experiment with and adopt digital technologies (Cannas, 2021; Rogers,
2021). Respondents acknowledged that innovation supports creativity and the development of new products
and services. However, innovation’s contribution to competitive advantage was rated comparatively lower.
This contrasts with findings by Vrontis et al. (2022), who reported that digital innovation often produces
visible competitive benefits. The weaker perception of competitive advantage in this study may reflect the
early stage of digital transformation among SMEs in Nawalparasi, where innovation benefits are experienced
internally but have not yet translated into clear market differentiation. The business environment produced
a non-significant result despite being positively perceived by respondents. This finding differs from earlier
studies that identified competitive pressure, government incentives, and regulatory frameworks as important
drivers of digital adoption (Baker, 2012; Premkumar, 2003). The likely explanation is that SMEs within the
district operate under similar environmental and infrastructural conditions, reducing the variability needed
for environmental factors to predict adoption. Therefore, internal organizational factors appear to play a more
decisive role than external conditions in explaining differences in adoption among firms. Digital capabilities
showed a statistically significant but negative relationship with digital transformation adoption. This result
contradicts prior studies that identified digital literacy, technical competency, and leadership commitment as
essential drivers of digital transformation (Bhuiyan et al., 2024; Scuotto et al., 2017; Vial, 2019). However, the
negative coefficient is interpreted as a statistical suppression effect arising from the strong interrelationship
between digital capabilities and digital tools, rather than a genuine inhibitory relationship. Despite this statistical
issue, the findings revealed substantial capability gaps among SMEs, particularly in strategic planning and
employee training.

6. Conclusion

Grounded in the TOE framework, the Technology Acceptance Model, and Innovation Diffusion Theory, the
findings demonstrate that digital transformation is driven more by internal organizational dynamics than by
external environmental conditions. In particular, digital tools emerged as the strongest predictor of adoption,
while innovation orientation also showed a significant positive influence. These findings reinforce the argument
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that SMEs adopt digital transformation not simply because technology is available, but because firms possess
the willingness and organizational culture needed to integrate technology into business operations. At the
same time, the study reveals a critical structural contradiction within the digitalization process. Although
SMEs reported strong satisfaction with the outcomes of digital transformation, the organizational foundations
needed to sustain it remain weak. Advanced digital technologies such as ERP, CRM, and Al systems were still
underutilized, and many firms lacked formal digital strategies and structured employee training programs.
This suggests that current digital adoption in Nawalparasi is relatively shallow and operational rather than
deeply strategic. The findings, therefore, challenge overly optimistic assumptions that technology adoption
alone guarantees transformation success. Instead, they highlight that digital transformation is an ongoing
organizational capability-building process rather than a one-time technological shift.

The non-significant effect of the business environment also contributes an important theoretical refinement to
existing literature. While prior studies frequently identify regulatory support, infrastructure, and competitive
pressure as major drivers of adoption, this study demonstrates that environmental factors may lose explanatory
power when firms operate under relatively homogeneous conditions. This suggests that external factors may
function more as background enablers than as direct firm-level differentiators in geographically concentrated
contexts. Consequently, the study refines the TOE framework by emphasizing that the predictive role of
environmental conditions may depend heavily on contextual variability. Another analytically important
finding is the negative coefficient for digital capabilities, which is interpreted as a statistical suppression effect
rather than a substantive negative relationship. However, beneath this statistical artifact lies a deeper practical
issue: SMEs continue to face significant capability deficits in strategic planning, digital literacy, and workforce
preparedness. The findings, therefore, expose a “capability—tool paradox,” in which firms recognize the value
of digital technologies but lack the organizational readiness to exploit them fully. This paradox is particularly
characteristic of developing-economy SMEs, where digitalization often advances faster than the development
of institutions and human capacity.

Limitations and Directions for Future Research

Like all empirical studies, this research is subject to a number of limitations that should be considered when
interpreting its findings and that collectively point toward productive directions for future inquiry. This study
adopts a cross-sectional design, meaning data were collected at a single point in time. While this approach
is appropriate for identifying patterns and associations, it does not permit causal inference or capture the
evolution of digital transformation adoption over time. Future studies should consider longitudinal designs
that track SMEs across multiple time periods, enabling researchers to observe whether adoption deepens,
stalls, or reverses as organizational conditions and the broader digital ecosystem change.

The geographic scope of this study is limited to Nawalparasi District, a deliberate boundary that allowed
for contextual depth but constrains the generalizability of the findings. The non-significance of the business
environment as a predictor is itself partly a product of this boundary; within a single district, regulatory,
infrastructural, and market conditions are too uniform to generate sufficient variability for predictive
analysis. Expanding the sampling frame to include multiple districts or provinces across Nepal, or conducting
comparative analyses across districts with varying levels of digital infrastructure, would substantially
strengthen the external validity of the findings and enable environmental factors to be more rigorously tested
as predictors of adoption.

This study relies exclusively on self-reported perceptual data gathered through a structured questionnaire.
While the measurement scales were drawn from validated instruments and Cronbach's Alpha confirmed
acceptable reliability across all constructs, self-report data are inherently susceptible to social desirability
bias, particularly on questions concerning organizational competence and strategic readiness. Future research
would benefit from triangulating survey data with qualitative methods, such as in-depth interviews with SME
owners and managers or case-study analyses of firms at different stages of digital adoption, to add interpretive
richness and reduce reliance on single-source measures.
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