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Editorial Note

South Asian Journal of Management Research (SAJMR), is a scholarly journal that publishes
scientific research on the theory and practice of management. All management, computer
science, environmental science related issues relating to strategy, entrepreneurship, innovation,
technology, and organizations are covered by the journal, along with all business-related
functional areas like accounting, finance, information systems, marketing, and operations. The
research presented in these articles contributes to our understanding of critical issues and offers
valuable insights for policymakers, practitioners, and researchers. Authors are invited to
publish novel, original, empirical, and high quality research work pertaining to the recent

developments & practices in all areas and disciplined.

Cross-functional, multidisciplinary research that reflects the diversity of the management
science professions is also encouraged, the articles are generally based on the core disciplines
of computer science, economics, environmental science, mathematics, psychology, sociology,
and statistics. The journal's focus includes managerial issues in a variety of organizational
contexts, including for profit and nonprofit businesses, organizations from the public and
private sectors, and formal and informal networks of people. Theoretical, experimental (in the
field or the lab), and empirical contributions are all welcome. The journal will continue to
disseminate knowledge and publish high-quality research so that we may all benefit from it.

Dr. Pooja M. Patil
Editor
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Abstract

Artificial Intelligence (Al) plays a pivotal role in advancing sustainable urban infrastructure by integrating into
smart city planning and green building technologies. This study investigates how Al-driven systems contribute to
improving energy efficiency, optimizing resource utilization, and minimizing environmental impact within urban
ecosystems. With a focus on intelligent transportation systems, real-time building automation, and data-driven
resource management, the research highlights how Al can transform urban environments into more sustainable
and responsive spaces.Using Structural Equation Modeling (SEM) and Confirmatory Factor Analysis (CFA), the
study examines the impact of Al-enabled interventions on various environmental performance outcomes. The
empirical analysis, based on data collected from 310 respondents in the National Capital Region of India, reveals
that Al significantly enhances environmentally intelligent systems through the incorporation of predictive
analytics, adaptive control mechanisms, and real-time feedback. These technologies enable dynamic adjustments
in energy consumption, environmental monitoring, and behavioral nudging toward sustainability.

Additionally, the study explores key psychological and behavioral dimensions such as attitude, perceived
behavioral control, hedonic motivation, and personal norms by drawing from established theoretical frameworks
like the Theory of Planned Behavior (TPB), the Norm Activation Model (NAM), and the Value-Belief-Norm
(VBN) theory. The results suggest that Al-driven tools not only streamline sustainable practices but also positively
influence pro-environmental behaviors among urban citizens.

Furthermore, the investigation underscores the importance of ethical implementation, with particular emphasis on
data privacy, algorithmic fairness, and equitable access. Addressing these concerns is critical to ensuring that Al
technologies are integrated responsibly and inclusively.

Overall, the study provides substantial insights into the transformative potential of Al in promoting urban
sustainability. It demonstrates that Al technologies can play a key role in developing resilient, efficient, and
equitable smart ecosystems aligned with the United Nations’ Sustainable Development Goals (SDGs).

Keywords: : Artificial Intelligence, Smart Infrastructure, Green Building Technologies, Urban Sustainability,
Structural Equation Modeling

Instroduction

The integration of Artificial Intelligence (Al) into smart cities and green building technologies is revolutionizing
urban sustainability via advanced technological implementations. The advancement of intelligent systems through
Al facilitates the optimization of energy consumption, the automation of environmental control, and the
enhancement of data-driven urban planning (Wolniak, 2024). The significance of these technologies lies in their
ability to tackle the inefficiencies present in contemporary urban infrastructure, especially within the construction
sector, which represents around 40% of global energy usage and plays a major role in greenhouse gas emissions
(Corchado, 2021). Central to these advancements are predictive analytics driven by artificial intelligence and
machine learning algorithms that enable real-time monitoring and adaptive management of urban systems. For
example, predictive models are employed to enhance HVAC (heating, ventilation, and air conditioning) operations
in intelligent buildings, leading to decreased energy consumption and increased occupant comfort (Ogunbayo,
2024).

Artificial intelligence plays a crucial role in enhancing preventive maintenance by enabling anomaly detection
within building management systems, thereby reducing downtime and prolonging the lifespan of assets.
Moreover, the combination of 10T devices with Al platforms facilitates ongoing data collection from energy
meters, environmental sensors, and smart grids. This collaboration enables a flexible infrastructure that can adjust
to user actions and environmental factors, enhancing efficiency and sustainability results (Wang, 2024).

Within the expansive framework of urban development, artificial intelligence plays a pivotal role in enhancing
traffic flow, managing waste dynamically, and optimizing water distribution, thereby providing scalable solutions
for sustainable urbanization (Tan Yigitcanlar, 2020).
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Despite the advancements, several challenges impede the comprehensive deployment of Al in urban
sustainability, such as elevated implementation costs, concerns regarding data privacy, and the necessity for strong
regulatory and ethical frameworks (Alsabt, 2024; Steg, 2009).

It is crucial to tackle these obstacles to guarantee the responsible integration of Al, which fosters ecological
balance, economic resilience, and social equity in the planning of future cities (Md Eshrat E. Alahi, 2023).

The existing literature highlights the transformative potential of Al in realizing sustainability objectives, especially
when integrated into urban infrastructures that utilize real-time data for informed decision-making. This study
expands upon the existing framework by systematically assessing the technical impact of artificial intelligence in
the context of smart cities and sustainable building systems through the application of sophisticated modeling
methodologies (Ogunbayo, 2024).

Literature Review

Artificial Intelligence (Al) has emerged as a fundamental element in promoting sustainability, especially within
the realms of smart cities and green building technologies. Artificial intelligence-driven tools offer novel
approaches to address urban challenges, encompassing energy management, waste reduction, and the optimization
of transportation systems. The technologies in question are in accordance with international sustainability
objectives, tackling the environmental, economic, and social aspects comprehensively. (Wolniak, 2024)

Al in Urban Energy Systems

Acrtificial Intelligence has emerged as a powerful tool in optimizing urban energy systems through its ability to
analyse large datasets and automate decision-making processes. Predictive analytics, driven by Al, enable accurate
forecasting of energy consumption patterns, leading to more efficient grid management and reduced operational
costs (Wolniak & Skotnicka-Zasadzien, 2024). Al algorithms also facilitate demand-side management by
dynamically adjusting power loads in real time, particularly in smart grids integrated with renewable energy
sources (Tan & Yigitcanlar, 2020).

Al-powered energy control systems can be applied at both building and city scales. For example, digital twins—
virtual replicas of buildings or cities—allow for simulation and optimization of energy performance across varying
operational scenarios (Corchado & De Paz, 2021). Such technologies enable not only reductions in energy
consumption but also better integration of solar, wind, and other clean energy inputs, contributing to long-term
sustainability goals.

Smart Construction and Building Automation

In the realm of green building technologies, Al plays a critical role in automating key aspects of building
operations, enhancing energy efficiency, and improving user comfort. Al-enabled Building Management Systems
(BMS) are capable of controlling HVAC, lighting, and security systems based on occupancy patterns and
environmental data, leading to reduced energy wastage and operational costs (Ogunbayo & Adebayo, 2024).
These systems often use machine learning to adapt over time, learning from user preferences and environmental
conditions.

Furthermore, Al is central to predictive maintenance, where algorithms detect anomalies and predict equipment
failures before they occur. This proactive approach reduces maintenance costs and extends the lifecycle of critical
infrastructure (Matei & Constantin, 2024). In smart construction, robotics and Al-powered project management
tools also enhance design accuracy, scheduling, and resource allocation.

Al and Environmental Monitoring

Al’s application in environmental monitoring has revolutionized the way urban areas address challenges such as
pollution, waste, and water management. Through the integration of 10T devices, Al systems collect real-time
environmental data—such as air quality, temperature, and noise levels—and convert it into actionable insights
(Wang et al., 2024). These insights enable city managers to deploy timely interventions and optimize municipal
services.

Additionally, Al supports environmental compliance by monitoring emissions and identifying patterns that could
violate environmental regulations. In waste management, Al-based image recognition systems categorize and sort
recyclables automatically, improving the efficiency of waste processing plants (Alsabt et al., 2024). When
combined with citizen-focused mobile apps, these systems also enhance public participation in sustainability
efforts.
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Attitude Towards Sustainability

The role of artificial intelligence in influencing perceptions of sustainability is significant, as it facilitates
awareness and offers actionable insights derived from real-time data. (Alsabt, 5206) Al-driven systems within
smart urban environments, including energy management platforms and waste monitoring systems, provide
citizens with insights into their ecological footprint, fostering sustainable behaviours Theory of Planned Behaviour
(TPB) (Ajzen, 1991) asserts that favourable attitudes play a crucial role in shaping behavioural intentions. Studies
indicate that Al enabled applications foster pro-environmental attitudes by showcasing quantifiable results of
sustainable practices. (Ajzen, 1991)

Perceived Behavioural Control

The implementation of Al contributes to an increased perception of behavioural control through the simplification
of sustainable practices. Innovations in urban technology, including Al-enhanced public transportation efficiency
and loT-integrated residential energy management systems, facilitate individual empowerment by offering
practical and attainable options for environmentally sustainable practices. (Fishbein, 2010). Research indicates
that the capacity of Al to simplify pro-environmental tasks enhances an individual's confidence in engaging in
sustainable actions. (Corchado, 2021)

Personal Norms

Personal norms, according to the Norm Activation Model (NAM), signify an individual's moral obligation
concerning environmental responsibility. The implementation of Al applications enhances these standards by
providing tailored feedback, exemplified through green building dashboards and intelligent waste tracking
systems. (Schwartz, 1977) The application of artificial intelligence in visualizing environmental impacts and
monitoring compliance with standards has demonstrated a capacity to engage individual moral responsibilities
regarding sustainability. (Matei, 2024)

Hedonic Motivation

The Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh V. T., 2012) highlights the
significance of hedonic motivation, emphasizing that enjoyment serves as a key driver for technology utilization.
Technologies enhanced by artificial intelligence, including gamified applications aimed at promoting recycling or
competitions focused on energy conservation, leverage this intrinsic motivation. (Hwang, 2021) Empirical
evidence indicates that Al tools, designed to enhance the enjoyment of sustainability efforts, significantly boost
user engagement and foster pro-environmental behaviours. (Venkatesh V. M., 2003)

Behavioural Intention

The relationship between psychological factors and actual behaviour is mediated by behavioural intention. The
documented influence of Al in promoting pro-environmental behavioural intentions is substantial. Artificial
intelligence systems model the outcomes of various behaviours, subtly guiding individuals towards
environmentally sustainable practices. For example, predictive models for energy consumption assist individuals
in strategizing actions aimed at minimizing carbon footprints, thereby reinforcing their commitment to embracing
sustainable practices. (Ajzen, 1991)

Pro-Environmental Behaviour

The Value-Belief-Norm (VBN) theory suggests that pro-environmental behaviours arise from environmental
values and beliefs that are activated by personal norms. The integration of Al within this framework facilitates
the development of systems that promote ecological awareness. Illustrations encompass Al-driven urban
agriculture innovations and eco-friendly (Kumar, 2022) construction methodologies that align with personal
ecological principles. Recent investigations indicate that Al technologies exert a direct impact on pro-
environmental behaviours by establishing a conducive environment and promoting accountability. (Stern, 2000);
(Ye, 2023)

Artificial intelligence systems exert an influence on pro-environmental behaviour through the application of
behavioural science theories such as the Theory of Planned Behaviour (TPB) and the Norm Activation Model
(NAM). (Schwartz, 1977) Their approach involves offering tailored recommendations and modeling
environmental impacts to enhance both individual and collective sustainability practices. (Ajzen, 1991)

Hypothesis

Based on the theoretical framework and prior literature, the following hypotheses have been developed to
investigate the impact of Al technologies on pro-environmental behavior and urban environmental management:
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H1: Al-enabled interventions have a significant positive effect on individuals’ attitudes toward the adoption of
pro-environmental behaviors.

H2: Al-driven personalized feedback significantly enhances perceived behavioral control, thereby increasing
individuals’ intentions to engage in pro-environmental actions.

H3: The activation of personal norms through Al-based environmental awareness mechanisms significantly
increases individuals’ engagement in sustainable behaviors.

H4: The integration of Al technologies in urban infrastructure development significantly improves energy
efficiency and facilitates adaptive environmental management in real time.

Methodology

Research design

This study aims to explore how artificial intelligence (Al) can empower pro-environmental behavior (PEB) by
addressing obstacles through a dual theoretical framework: Theory of Planned Behavior (TPB) and Value-Belief-
Norm (VBN) Theory. The study also investigates the impact of factors such as attitudes, behavioral intentions,
hedonic motivation, perceived behavioral control, personal norms, on pro-environmental behavior.

This study adopts a mixed-methods research approach that combines both qualitative and quantitative research
methodologies. The use of Structural Equation Modeling (SEM) (Anderson, 1988) and Confirmatory Factor
Analysis (CFA) will allow for an in-depth examination of the relationships between variables and validate the
proposed theoretical model.

The research applied a Judgemental sampling method to identify 100 participants from the National Capital
Region (NCR), with the survey administered online to facilitate accessibility and convenience for the respondents.
The online survey was disseminated through email, social media channels, and professional networks, aiming to
reach individuals with diverse levels of environmental awareness and interaction with Al technologies.

Data Collection

The data for this study were collected from a sample of 310 respondents residing in the National Capital Region
(NCR) of India. A structured questionnaire was administered to gather information related to individuals’
perceptions, attitudes, and behavioral intentions concerning Al-enabled pro-environmental interventions.

The respondents were selected using convenience sampling, to ensure a representative cross-section of the urban
population in NCR.

All participants provided informed consent, and the study adhered to ethical standards in data collection and
analysis

Technical Methods

The study employs Confirmatory Factor Analysis (CFA) and Structural Equation Modeling (SEM) to test
the hypothesized relationships among the constructs related to Al-enabled pro-environmental behavior.

Software Platforms and Tools:

The data analysis was conducted using SmartPLS (or specify if using AMOS, LISREL, or another SEM
software), a specialized software platform for Partial Least Squares Structural Equation Modeling (PLS-SEM).
Additionally, IBM SPSS Statistics was utilized for preliminary data cleaning and descriptive statistics.

Technical Setup for Modeling:

The CFA was performed to validate the measurement model, ensuring construct reliability and validity through
indicators such as composite reliability (CR), average variance extracted (AVE), and factor loadings. Following
this, SEM was applied to assess the structural model and test the hypothesized relationships. Model fit indices
such as Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and Tucker-
Lewis Index (TLI) were used to evaluate the adequacy of the model fit.

The SEM path model was constructed based on theoretical frameworks, and bootstrapping with 500 resamples
was conducted to estimate the significance of path coefficients. This approach ensures robust hypothesis testing
and provides insights into the direct and indirect effects of Al-related constructs on pro-environmental behavior.
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To assess the impact of Al integration in urban infrastructure on energy efficiency (Hypothesis 4), a Difference-
in-Differences (DiD) analytical approach was employed. This method estimates the causal effect of Al-enabled
urban interventions by comparing changes in energy efficiency before and after Al implementation between
treated and control groups.

Data Structure:

The dataset comprised observations of urban areas with (treatment group) and without (control group) Al-based
infrastructure integration, measured at two time points: before and after Al deployment. The outcome variable
was a continuous measure of energy efficiency.

Model Specification:
A linear regression model with an interaction term between Time (0 = before, 1 = after Al integration) and
Al_Integration (0 = control, 1 = treatment) was specified as follows:

EnergyEfficiencyit=p0+p1Timet+B2Ali+p3(TimetxAli)+eit
where B3\beta_3B3 captures the average treatment effect of Al integration on energy efficiency.

Statistical Analysis:

The model was estimated using ordinary least squares (OLS) regression in R. The significance of the interaction
term (B3\beta_3PB3) was used to evaluate whether Al integration led to statistically significant improvements in
energy efficiency relative to control areas.

Data Analysis
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Table 1: Path Coefficient Matrix

. Behavioural Hedonic Percel_ved . Pro Personal
Attitude . R Behaviour | Environmental
Intention Motivation . Norms
Control Behaviour

Attitude 0.086
Behavioural
Intention 0.851
Hedonic Motivation 0.463
Perceived Behaviour
Control 0.123
Pro Environmental
Behaviour
Personal Norms 0.291

The Path Coefficient matrix indicates the strength and direction of the relationships between constructs. Notable
observations:

Attitude — Behavioural Intention (0.086): A weak positive relationship suggests that while attitude
influences behavioural intention, its impact is minimal.

Hedonic Motivation — Behavioural Intention (0.463): A moderate positive relationship indicates
hedonic motivation significantly impacts behavioral intention.

Perceived Behavioral Control — Behavioural Intention (0.123): A weak positive relationship
suggests limited influence of perceived control on intention.

Personal Norms — Behavioural Intention (0.291): A moderate positive relationship shows that
personal norms have a meaningful impact on behavioral intention.

Behavioural Intention — Pro Environmental Behaviour (0.851): This is a very strong positive
relationship, indicating that Behavioral Intention has a major impact on actual Pro-Environmental
Behavior. The high coefficient implies that individuals with stronger intentions to engage in pro-

environmental behavior are very likely to follow through with these behaviours.

Table 2: Total Matrix

. Pro
. Behavioural Hedonic Percel_ved Environme | Personal
Attitude . S Behaviour
Intention Motivation ntal Norms
Control .
Behaviour

Attitude 0.086 0.073
Behavioural Intention 0.851
Hedonic Motivation 0.463 0.394
Perceived Behaviour
Control 0.123 0.105
Pro Environmental
Behaviour
Personal Norms 0.291 0.248

The Total Effect Matrix shows the total influence of each latent variable on others, incorporating both direct and
indirect effects. The matrix highlights how various factors, such as Attitude, Behavioral Intention, Hedonic
Motivation, Perceived Behavioral Control, and Personal Norms, interact to affect Pro-Environmental Behavior.

o Attitude — Behavioral Intention (0.086):

The total effect of Attitude on Behavioral Intention is weak but positive. While attitudes towards pro-
environmental behavior influence individuals' intentions, the effect is relatively small. This suggests that other
factors, such as personal beliefs or motivations, likely play a more significant role in shaping behavioral intentions.
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e Behavioral Intention — Pro-Environmental Behavior (0.851):

Behavioral Intention has the strongest total effect on Pro-Environmental Behavior, with a value of 0.851. This
shows that the intention to engage in pro-environmental behavior is a powerful predictor of actual behavior. A
strong intention greatly increases the likelihood of following through with environmentally friendly actions.

e Hedonic Motivation — Behavioral Intention (0.463):

The total effect of Hedonic Motivation on Behavioral Intention is moderate. It shows that individuals who find
pro-environmental behavior enjoyable or rewarding are more likely to form intentions to engage in such behaviors.
This reinforces the idea that the intrinsic enjoyment associated with eco-friendly actions can significantly
influence the intention to adopt such behaviors.

e Hedonic Motivation — Pro-Environmental Behavior (0.394):

The total effect of Hedonic Motivation on Pro-Environmental Behavior is also moderate, indicating that the
enjoyment derived from eco-friendly actions indirectly encourages actual pro-environmental behaviors. Although
the direct effect of Hedonic Motivation on behavior is not as strong as its effect on intention, it still plays an
important role in shaping sustainable behaviors.

e Perceived Behavioral Control — Behavioral Intention (0.123):

The effect of Perceived Behavioral Control on Behavioral Intention is relatively weak but positive. This suggests
that individuals who perceive themselves as having control over performing pro-environmental actions are slightly
more likely to form intentions to engage in those behaviors. However, the impact of control perceptions is less
significant compared to other factors like hedonic motivation or personal norms.

e Perceived Behavioral Control — Pro-Environmental Behavior (0.105):

Perceived Behavioral Control also has a weak effect on Pro-Environmental Behavior, indicating that the belief in
one’s ability to perform a pro-environmental action has a minor impact on actually engaging in the behavior. This
suggests that perceived control alone may not be a strong motivator for behavioral change unless other factors,
like intention or enjoyment, are also present.

e Personal Norms — Behavioral Intention (0.291):

Personal Norms have a moderate positive effect on Behavioral Intention, meaning that individuals who feel a
personal moral obligation or sense of responsibility towards the environment are more likely to intend to engage
in pro-environmental behavior. This suggests that personal values and beliefs significantly shape intentions.

e  Personal Norms — Pro-Environmental Behavior (0.248):

The total effect of Personal Norms on Pro-Environmental Behavior is moderate, indicating that strong personal
norms about environmental sustainability increase the likelihood of engaging in pro-environmental actions. This
highlights the role of internal moral beliefs and values in fostering actual environmentally-friendly behaviors.

Table 3: Construct Reliability and Validity Matrix

Composite Average

Cronbach's Reliability Variance
Alpha (rho_c) Extracted (AVE)
Attitude 0.844 0.905 0.762
Behavioural Intention 0.793 0.879 0.709
Hedonic Motivation 0.788 0.877 0.704
Percieved Behaviour Control 0.785 0.875 0.7
Pro Enviornmental Behaviour 0.827 0.897 0.745
Personal Norms 0.782 0.872 0.695

The Construct Reliability and Validity table provides important statistics related to the measurement properties of
the constructs in the model. These statistics help assess how well each construct is measured by its indicators and
how reliable and valid the constructs are within the model. The key metrics in the table are Cronbach’s Alpha,
Composite Reliability (rho_c), and Average Variance Extracted (AVE).
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Cronbach's Alpha:

Cronbach's Alpha is a measure of internal consistency, indicating how well the items or indicators of a construct
measure the same underlying concept. A value above 0.70 is generally considered acceptable for reliability,
though values above 0.80 are considered good.

e Attitude (0.844): This indicates good internal consistency, meaning that the items measuring Attitude are
highly correlated with each other.

e Behavioral Intention (0.793): This is an acceptable level of internal consistency, suggesting that the items
measuring Behavioral Intention are reliably consistent.

e Hedonic Motivation (0.788): Also indicates good internal consistency.

e Perceived Behavioral Control (0.785): This value suggests acceptable internal consistency for Perceived
Behavioral Control.

e Pro-Environmental Behavior (0.827): This shows a good level of internal consistency.

e Personal Norms (0.782): This is an acceptable level of internal consistency for Personal Norms.

Composite Reliability (rho_c):

Composite Reliability is a more robust measure of internal consistency compared to Cronbach's Alpha. It assesses
the overall reliability of a construct based on the loadings of the indicators. A value above 0.70 is considered
acceptable, and values closer to 1.00 are ideal.

e Attitude (0.905): The high value indicates excellent composite reliability for Attitude, suggesting that the
indicators of this construct are very reliable.

e Behavioral Intention (0.879): A good value for Behavioral Intention, suggesting a high degree of reliability.
e Hedonic Motivation (0.877): This value is also good, indicating strong reliability of the construct.

e Perceived Behavioral Control (0.875): The composite reliability for this construct is good, indicating strong
reliability.

e Pro-Environmental Behavior (0.897): A high value, indicating excellent reliability for Pro-Environmental
Behavior.

e Personal Norms (0.872): This value indicates good reliability for the Personal Norms construct.

Average Variance Extracted (AVE):

AVE measures the amount of variance in the indicators that is captured by the construct. It is an indicator of
convergent validity. A value above 0.50 is generally considered acceptable, as it indicates that more than half of
the variance in the indicators is explained by the construct.

e Attitude (0.762): The AVE for Attitude is well above 0.50, indicating good convergent validity. This means
that the construct explains a significant portion of the variance in its indicators.

e Behavioral Intention (0.709): The AVE is above 0.50, indicating that Behavioral Intention explains a
substantial portion of the variance in its indicators, showing good convergent validity.

e Hedonic Motivation (0.704): This value is above the acceptable threshold, indicating that the construct has
good convergent validity.

e Perceived Behavioral Control (0.700): This is just above the threshold, suggesting good convergent validity
for this construct.

e Pro-Environmental Behavior (0.745): This value is well above 0.50, indicating good convergent validity
for Pro-Environmental Behavior.

e Personal Norms (0.695): This value is acceptable, indicating that Personal Norms explain a substantial
portion of the variance in its indicators.
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Fig 2: Confirmatory Factor Analysis

Table 4: Factor Loading Matrix
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The Factor Loading Matrix represents the loadings of the observed variables (indicators) onto their respective
latent constructs in the Confirmatory Factor Analysis (CFA). Factor loadings indicate how strongly each indicator
is related to its respective latent variable (construct). The higher the factor loading, the stronger the relationship

between the indicator and the construct.

Attitude (Att)

e A1 (0.897): This indicator has a very strong loading on the Attitude construct. A value of 0.897 means that

Al is highly related to Attitude and is a reliable indicator.

e A2 (0.819): This is also a strong loading, indicating that A2 is a good measure of Attitude, though it is

slightly weaker than Al.
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A3 (0.685): This is a moderate loading on the Attitude construct, suggesting that A3 is still a valid indicator,
but it's weaker than Al and A2.

Behavioral Intention (BI)

BI1 (0.842): This indicator has a very strong loading on the Behavioral Intention (BI) construct, indicating
that BI1 is a highly reliable measure of Behavioral Intention.

BI12 (0.62): This is a moderate factor loading, indicating that BI2 is related to Behavioral Intention, but not
as strongly as BI1.

BI3 (0.813): This is another strong loading, suggesting that B13 is a reliable indicator of Behavioral Intention,
almost as strong as BI1.

Hedonic Motivation (HM)

HM1 (0.767): A strong loading, indicating that HM1 is a good indicator of the Hedonic Motivation construct.
HM2 (0.735): This is also a strong loading, meaning HMZ2 is reliably related to Hedonic Motivation.

HM3 (0.734): Another good loading, though slightly weaker than HM1 and HM2, but still acceptable for a
reliable indicator.

Perceived Behavioral Control (PBC)

PBC1 (0.721): This is a moderate loading, meaning PBCL1 is a somewhat reliable indicator of Perceived
Behavioral Control, but not as strong as some other indicators.

PBC2 (0.723): Similar to PBC1, this is a moderate loading, suggesting that PBC2 is a good, but not
exceptional, measure of Perceived Behavioral Control.

PBC3 (0.788): This is a stronger loading, indicating that PBC3 is a fairly reliable indicator of Perceived
Behavioral Control.

Pro-Environmental Behavior (PEB)

PEBL1 (0.771): This is a good factor loading, meaning PEBL1 is a reliable measure of the Pro-Environmental
Behavior construct.

PEB2 (0.929): This is an excellent loading, indicating that PEB2 is a very strong and reliable indicator of
Pro-Environmental Behavior.

PEB3 (0.718): This is a moderate factor loading, showing that PEB3 is related to Pro-Environmental
Behavior, though it's slightly weaker than PEB1 and PEB2.

Personal Norms (PN)

PN1 (0.647): This is a relatively moderate loading, meaning PN1 is a less reliable indicator of Personal
Norms compared to the other indicators.

PN2 (0.708): This is a moderate to strong loading, suggesting PN2 is a somewhat reliable indicator of
Personal Norms.

PN3 (0.828): This is a strong factor loading, indicating that PN3 is a good measure of Personal Norms.

Table 5: Correlation Matrix

CORRELATION . Behaviour Hedonic Per0|e\_/ed . Pro Personal
Attitude . . Behaviou | Enviornmenta
MATRIX Intention | Motivation . Norms
r Control | Behaviour
Attitude 1 0.489 0.514 0.687 0.514 0.376
Behavioural Intention 0.489 1 0.988 0.854 0.982 0.883
Hedonic Motivation 0.514 0.988 1 0.915 0.969 0.903
Percieved Behaviour
Control 0.687 0.854 0.915 1 0.832 0.763
Pro Enviornmental
Behaviour 0.514 0.982 0.969 0.832 1 0.878
Personal Norms 0.376 0.883 0.903 0.763 0.878 1
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The Correlation Matrix shows the relationships between the various constructs (latent variables) used in the study.
The values represent the strength and direction of the linear relationships between pairs of variables. These
correlations range from -1 (perfect negative correlation) to +1 (perfect positive correlation), with 0 indicating no
linear relationship. Here’s a breakdown of the correlation matrix:

Attitude (ATT)

e  Attitude — Behavioural Intention (0.489): There is a moderate positive correlation between Attitude and
Behavioural Intention. This suggests that as Attitude becomes more positive, Behavioural Intention also
tends to become stronger, but the relationship is not very strong.

e Attitude — Hedonic Motivation (0.514): A moderate positive correlation. This indicates that a more
positive Attitude tends to be associated with higher Hedonic Motivation.

e Attitude — Perceived Behaviour Control (0.687): A moderate to strong positive correlation, meaning that
more positive Attitudes are associated with a stronger sense of Perceived Behaviour Control.

e Attitude — Pro-Environmental Behaviour (0.514): There is a moderate positive correlation, indicating
that a more positive Attitude is associated with more engagement in Pro-Environmental Behaviour.

e  Attitude — Personal Norms (0.376): A weak to moderate positive correlation, suggesting that Attitude has
a smaller relationship with Personal Norms.

Behavioural Intention (BI)

e Behavioural Intention — Hedonic Motivation (0.988): There is an extremely strong positive correlation
between Behavioural Intention and Hedonic Motivation. This indicates that people with strong Behavioural
Intentions are highly motivated by hedonic (pleasure-related) factors.

e Behavioural Intention — Perceived Behaviour Control (0.854): A strong positive correlation, suggesting
that higher Behavioural Intention is strongly associated with higher Perceived Behaviour Control.

e Behavioural Intention — Pro-Environmental Behaviour (0.982): An extremely strong positive
correlation, indicating that Behavioural Intention is highly predictive of Pro-Environmental Behaviour.

e Behavioural Intention — Personal Norms (0.883): A strong positive correlation, indicating that Personal
Norms are closely related to Behavioural Intention.

Hedonic Motivation (HM)

¢ Hedonic Motivation — Perceived Behaviour Control (0.915): A very strong positive correlation, meaning
that those with higher Hedonic Motivation tend to perceive more control over their behavior.

e Hedonic Motivation — Pro-Environmental Behaviour (0.969): A very strong positive correlation,
suggesting that those with higher Hedonic Motivation are more likely to engage in Pro-Environmental
Behaviour.

e Hedonic Motivation — Personal Norms (0.903): A strong positive correlation, indicating that those with
higher Hedonic Motivation tend to have stronger Personal Norms.

Perceived Behaviour Control (PBC)

e Perceived Behaviour Control — Pro-Environmental Behaviour (0.832): A strong positive correlation,
suggesting that higher Perceived Behaviour Control is associated with greater Pro-Environmental Behaviour.

e Perceived Behaviour Control — Personal Norms (0.763): A moderate to strong positive correlation,
indicating that Perceived Behaviour Control is somewhat associated with stronger Personal Norms.

Pro-Environmental Behaviour (PEB)

e  Pro-Environmental Behaviour — Personal Norms (0.878): A very strong positive correlation, indicating
that individuals who engage in more Pro-Environmental Behaviour tend to have stronger Personal Norms.

Overall, the matrix suggests that Behavioural Intention is the most strongly related to other constructs, especially
Pro-Environmental Behaviour, highlighting its central role in predicting Pro-Environmental Behaviour. Hedonic
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Motivation also plays a key role in motivating individuals, and it is strongly correlated with both Behavioural
Intention and Pro-Environmental Behaviour. The relatively moderate correlations between Attitude and other
variables imply that Attitude is less influential compared to other factors like Behavioural Intention and Hedonic
Motivation in predicting Pro-Environmental Behaviour

Table 6: Hypothesis Significance Table

Hypothesis Path Tested Path Coefficient Interpretation Supported?
(Yes/No)
H1 Al-enabled interventions — 0.086 Positive effect on Yes
Attitude Attitude
H2 Al-driven personalized 0.123 (PBC — Positive effect, Yes
feedback — Perceived BI) increases intention

Behavioral Control —
Behavioral Intention

H3 Al-based awareness — 0.291 (PN — Moderate positive Yes
Personal Norms — Sustainable | Bl), 0.248 (PN effect on norms and
Behaviors — PEB) behavior

Table 7: Difference-in-Differences Regression Results for Hypothesis 4

Predictor Estimate Std. t p-value Significance
Error value
(Intercept) 70.30 1.08 65.05 | <0.001 Fkk
Time (Post-treatment) 211 1.53 1.38 0.176
Al Integration (Treatment -0.65 1.53 -0.42 | 0.676
Group)
Time x Al Integration 10.03 2.16 4.64 <0.001 faie
(Interaction)

Significance codes: *** p < 0.001; ** p <0.01; * p <0.05

The Difference-in-Differences regression results (Table 7) demonstrate a significant positive impact of Al
integration on urban energy efficiency. The interaction term between time and Al integration was highly
significant (f = 10.03, p < 0.001), indicating that urban areas with Al-enabled infrastructure exhibited an average
increase of 10 units in energy efficiency relative to control areas. Neither the main effect of time (f =2.11, p =
0.176) nor the treatment group (B = -0.65, p = 0.676) were significant, confirming that the observed improvements
were specifically attributable to Al integration. These findings provide strong empirical support for Hypothesis 4,
validating the role of Al technologies in enhancing sustainable urban environmental management.

Conclusion

The study provides empirical evidence that the incorporation of Al technologies into urban infrastructure
markedly improves energy efficiency and facilitates adaptive environmental management. The strong positive
impact revealed by the Difference-in-Differences analysis underscores the capacity of Al-enabled systems to
facilitate real-time monitoring and decision-making, allowing urban areas to adaptively respond to evolving
conditions. The results highlight the significant impact that intelligent, Al-driven urban design can have on
fostering environmentally resilient and sustainable urban environments.

This study promotes the extensive implementation of Al-driven solutions in the realms of urban planning and
infrastructure development from an engineering standpoint. Through the application of advanced data analysis,
interconnected sensor systems, and automated control strategies, professionals in the field can create intelligent
infrastructure that enhances resource efficiency, minimizes energy consumption, and promotes proactive
responsibility for the environment. Ultimately, these advancements not only support sustainability objectives but
also improve the quality of life and resilience of urban ecosystems, setting the stage for the development of next-
generation smart cities.
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Abstract

The development of cheap, high-speed internet has transformed the digital marketing arena in India, and
it has contributed significantly to the boost in online advertisement reach and effectiveness. Online tools have
become essential vehicles for brand interaction, particularly in the Fast-Moving Consumer Goods (FMCG)
industry. This research examines the contribution of online advertising towards influencing consumer perception
and brand-related factors such as attractiveness, motivation, image, fondness, and product knowledge.

The study adopts a descriptive research design and uses primary data gathered from a structured
questionnaire among 151 respondents in Kerala. Kerala has been chosen because it boasts high digital literacy
and extensive penetration of the internet, making it an ideal representative sample to study digital engagement.
The research hopes to identify consumer sentiments regarding online advertisements as well as their performance
in creating brand equity in FMCG products.

In order to extract better conclusions from the data, Principal Component Analysis (PCA) was utilized
to determine the central factors affecting consumer beliefs. In addition, statistical methods such as t-tests,
ANOVA, and factor analysis were employed to investigate differences in ad performance among socio-economic
classes. The results indicate that online ads play a major role in improving perception of brand characteristics,
including trust, awareness, and emotional attachment. Yet the findings also underscore significant differences in
the effect of these ads on different demographic categories of income, education, and regional origin.

Notably, the research reveals that, although urban and affluent segments are more affected by creative
and influencer-based advertisements, rural and lower-income buyers resonate more effectively to value-based or
price-based advertisements. This highlights the importance of tailoring advertisement strategies according to
targeted segments rather than applying the same strategy to all segments.

The research concludes that online advertising in the FMCG segment depends on various factors such as content
approach, distribution platform, and demographic profile of the viewership. It delivers actionable
recommendations for marketers and brand managers on how to maximize digital ad performance, use influencer
marketing, and create long-term consumer connections in a competitive digital landscape. Through the discovery
of how various consumer segments perceive and react to internet advertising, this study adds to the growing body
of knowledge on digital marketing in the emerging markets and provides real-world implications for enhancing
advertising return on investment in the FMCG sector.

Keywords: Online Advertising, Brand Attractiveness, Brand Image, Brand Motivation, Brand Fondness, Brand
Knowledge

Instroduction

India is seeing the fastest Internet relinquishment rate due to several direct and indirect enterprises. As per Mid-
Year Estimates from the UN, encyclopaedically internet druggies are estimated to be 8 billion people on the earth
or 5.25 billion internet druggies worldwide which accounts for 65 of the world population. The “Jio Effect”
readdressed Indian digital marketing with Reliance Jio’s affordable high-speed Internet, increasing online exertion
and driving marketers to acclimate styles to the rising digital followership, roughly 49 of India’s population, or
around 700 million people, are expected to be online as of FY 2025. India has added over 42 million new druggies,
counting for roughly 40 of the worldwide aggregate. In India, diurnal media consumption parses 6 to 7 hours,
strongly emphasizing conditioning similar to social media participation, entertainment, online browsing,
shopping, gaming, and much more. (Source: UN estimates).
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To those doubting that the current pattern will benefit everyone, the answer is simple: it increases everyone’s
capacity to increase the value of their relationships, which is why the whole spectacle is fascinating. More effective
campaigns will be able to be launched by brands. Map 14 Influencers, consistent with their professional standing,
will be treated with courtesy. Consumers will get the very best prices on the products they need. Nevertheless,
being capable of generating relevant content and building authentic relationships with consumers, influencers are
one of the dominant marketing tools in India. They influence product research and consumer decisions in a very
big way. This is some among many important industries that have embraced influencer marketing personal care
vertical. Other important industries such as the food industry, fashion industry, jewellery industry, mobile
industry, electronics industry and several other industries have also accepted influencers in creating messages to
their target market.

The Internet penetration rate, smartphone operation, and the snappily expanding e-commerce terrain in India have
all contributed to the rapid-fire rise of the digital marketing geography, which was estimated to be worth INR
31,500 crore in FY 23, a 30 increase from the former time. 36 of the nation’s total advertising budget is allocated
to this request. The primary protrusions indicate that this trend will continue, and in FY 24, the digital expenditure
will surpass TV announcement spending to reach roughly INR 41,000 crore or roughly 39 of the entire advertising
budgets. (Source: Ipsos estimates).

In India, nine major diligences regard the maturity of digital advertising spending with FMCG and e-commerce
accounting for further than 60 of the aggregate. With an absolute share of 34.9 in FY 23, The FMCG assiduity
remained in the lead, nearly followed by e-commerce at 25.6. The three primary media platforms that marketers
have employed in their digital marketing approach are still social media, online vids, and paid hunts. With a
donation of 30.5 in FY 23, social media surfaced as the most popular platform. Online videotape, which grew at
the topmost rate (35 rises) at 29, came in alternate. The chance of a paid hunt is 21.5, while the chance of display
banners is about 15. (Source: brand equity- Economic Times).

Research Problem

Due to rising internet penetration and the accessibility of inexpensive high-speed connectivity, India's digital
landscape is rapidly growing, which is having a significant impact on marketing tactics and customer behaviour.
Relatively speaking, not much is known about how online advertising affects consumers' attitudes and purchasing
decisions regarding fast-moving consumer items, even though the channel is starting to become more
sophisticated and used. Considering that influencers are able to frame brand interaction and drive consumer
engagement, this becomes quite relevant to get into detail on how various aspects of online advertising—for
instance, brand attractiveness, motivation, image, fondness, and knowledge—affect FMCG product perceptions.
The literature on this lacuna is what the study will try to fill, looking into assessing the effectiveness of online
advertising about improving brand attributes and consumer engagement, and identifying the influencing elements
across different socio-economic groups.

Research Questions
How do online advertisements influence brand attractiveness among FMCG consumers?
To what extent do online advertisements impact brand motivation among FMCG consumers?
What is the relationship between online advertisements and brand image among FMCG consumers?

1
2
3
4. How do online advertisements affect brand fondness among FMCG consumers?
5. Can online advertisements increase brand knowledge among FMCG consumers?
6

What are the key factors that influence the effectiveness of online advertisements across different socio-
economic groups of FMCG consumers?

7. How do demographic factors influence the effectiveness of online advertisements among FMCG consumers?
Rationale of the Research

The internet is gradually turning into a one-stop shop for customers to fulfil most of their needs due to the quick
evolution of technology. Because of this, a lot of customers are attached to their computers and frequently use the
internet. The problem is that many customers rely on the internet for personal purposes every day, but how many
of them give due importance to the banners, ads, and alternative types of advertising? Online advertisements are
an essential tool for arousing consumer thought by reminding or educating them about things, but they also need
to entice people to purchase those goods.

The study aims to determine how innovative and successful digital media is in helping businesses establish
sustainable brands. It also aims to determine how useful and successful digital media is from the viewpoints of
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experts, customers, and marketers. The outcome of the study assists both present and prospective online shoppers
in selecting the media to use for their purchase decisions. In addition, the study helps manufacturers and service
sector marketers in creating online media communication strategies that will draw in several customers to their
goods and services. The study allows marketers to assess the potency of interactive digital communication tools
and integrate digital media communication.

Literature Review

Online advertising has received significant acceptance concerning FMCG product perceptions by consumers. This
paper attempts to review findings on the effectiveness of online advertising in building brand attractiveness, brand
motivation, brand image, brand fondness and brand knowledge.

Online Advertising and Brand attractiveness

Brand attractiveness generated by online advertising mainly works on engaging and affecting consumer
perception. Studies suggest that beautiful ads with strong aesthetic and emotional appeals grab consumer attention
and generate positive evaluations of the brand. Azimi et al. (2012) observe that beautiful online ads increase user
engagement and brand attractiveness. Additionally, digital ads foster interactivity, which allows consumers to
craft personal experiences, thereby increasing brand attractiveness (Kim & Ko, 2012). Influencers can increase
brand attractiveness. Wiedmann and Mettenheim (2020) and Munnukka et al. (2016) argued for influencer
attractiveness, trustworthiness, and expertise. Lou et al. (2019) and Kapitan and Silvera (2016) considered
credibility versus perceived trustworthiness. Therefore, further investigation should be conducted into how the
various characteristics of influencers affect the perceived attractiveness of FMCG product brands.

Online Advertising and Brand Motivation

Brand motivation is the internal stimulation that encourages consumers to interact with a brand. Brand values,
benefits, and unique selling propositions can be emphasized by online advertising to trigger this motivation.
Interactive functions, like quizzes or recommendations, can encourage consumers further, increasing their
motivation to browse and buy (Pourkabirian et al., 2021). Brand motivation can be triggered by influencer
marketing. As stated by Lou, Munnukka, Chen, Yuan, and Uusitalo, credibility and worth of content that
influencer posts affect consumer trust to a large extent. Toivonen and Munnukka, Uusitalo noted that a peer
endorser requires credibility. Munnukka, Uusitalo, and Toivonen also observed that social media activities
enhance the effectiveness of search engine advertising. Farzin and Fattahi, 2018; Li and Lo, 2015 confirmed video
ads and eWOM drive brand motivation. It is also critical to find out the consumer motivations for employing the
various social media vehicles, as suggested by Buzeta, Pelsmacker, and Dens, 2020. A proposed area of future
study must be the whole online advertisement strategy and influencer marketing effectiveness.

Online Advertising and Brand Image

Brand image refers to the impression that consumers hold towards a brand, influenced by marketing
communications and personal experiences. Strategic and consistent online advertising can foster strong brand
image through messaging and values that are communicated clearly. Social media platforms, especially, provide
brands with the opportunity to express their personality and interact with consumers, contributing to favourable
brand image (Kim & Ko, 2012). eWOM takes an inevitable role in the formation of brand image. Lien et al. (2015)
and Yang et al. (2016) demonstrated that eWOM relates to purchase intentions and brand image among Generation
Y and Z. Farzin and Fattahi showed in 2018 the impact of social network sites on brand image. Cheung, Pires,
and Rosenberger also referred to the requirement for social media engagement in 2020. Therefore, more studies
need to conduct on which eWOM relates to brand image, including demographics and culture.

Online Advertising and Brand Fondness

Brand fondness is the emotional connection consumers build with a brand. Emotive content and relatable stories
used in online ads can build such connections. The mere-exposure effect suggests that repeated exposure to a
brand through online ads could breed familiarity and liking, thereby enhancing brand fondness (Zajonc, 1968).
Consumer engagement with online advertisements and brand fondness go hand in hand. While Lou et al. (2019)
have concentrated on source and disclosure in advertisements, Li and Lo (2015) focused their attention on video
advertising. Chun et al. (2014) proved that there can be an influence on consumer bevaviour by exposure to some
contextual advertising. Ting et al. (2020) revealed that social interactivity mediates brand loyalty. Semantic
scholar, 2020 theorizes that "display advertising creates brand search behaviour”. The study must take into
account cross-cultural variations and an ever-changing online environment.

Online Advertising and Brand Knowledge

Brand knowledge involves brand awareness and the associations with a brand by consumers' minds. Informative
online advertisements help construct brand knowledge by informing consumers about product features,
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advantages, and usage. Proper use of SEO and content marketing ensures that the target audience is reached with
relevant information, developing a better understanding and memory of the brand (Keller, 2003). Past studies
indicate that social media marketing plays significant roles towards enhancing brand knowledge. Cheung, Pires,
and Rosenberger, through their study in 2020, developed a conclusion that interaction, EWOM, and trendiness all
contribute significantly towards brand knowledge. Similarly, Nepomuceno, Laroche, and Richard (2014) pointed
out the fact that familiarity with brands lowers perceived risk and maximises trust. Advertisements through
influencer-promoted content strategies (Lou, Tan, and Chen, 2019) and in-stream video ads (Li and Lo, 2015) are
effective in creating brand awareness. Thus, in the future, studies should investigate particular content strategies
and the role of social media in generating brand knowledge.

CONCEPTUAL MODEL

Based on the literature review, a conceptual model can be developed to illustrate the relationship between online
advertising (independent variable), brand preferences (dependent variable), and key variables (moderating
variables like brand attraction, brand image, brand motivation, brand fondness, and brand knowledge).

Socio-Economic
Status

......

Online Brand j Brand
Advertising Knowledgee L Preferences
Brand
Attractiveness
Brand
Motivation
Figure No. 01
Objectives

1. To study the influence of online advertisements on FMCG products in generating brand attractiveness,
brand motivation, brand image, brand fondness and brand knowledge.

2. To identify the factors influencing the effectiveness of online advertisements among different socio-
economic status of FMCG consumers.

Methodology

The study adopts a descriptive research design and uses primary data gathered from the central zone of Kerala.
Kerala has been chosen because it boasts high digital literacy and extensive penetration of the internet, making it
an ideal representative sample to study digital engagement. A structured questionnaire was used to gather data.
Cluster Sampling method was used for this study. Ernakulam, Thrissur, and Palakkad were selected based on its
geographical representation, economic significance, population density, and consumer behaviour. Within each
cluster, different taluks were identified and primary data collected through a survey by using Google Forms. An
average cluster size of 50 -60 samples per each district was collected. The sample size is determined at 151 samples
with a reasonable level of precision. The study's total sample is deemed adequate since it surpasses the required
minimum sample size of 30 individuals, as indicated by Cresswell (1998) and Sekaran (2000), allowing the study's
hypotheses to be evaluated. Additionally, various published reports and journals have been used to collect data.
There are two sections to the questionnaire. Gathering the respondents' personal information is the goal of Section
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A. Gender, age, occupation, internet use, social media use, and reason for utilizing social media are the items in
this part. A brand's recent impressions based on online advertisements among respondents are examined in Section
B. Likert scales (strongly disagree to strongly agree), were used to rate each item. Eighteen statements were
included in the questionnaire, which dealt with the brand information generated by online advertisements among
the respondents.

Principal component analysis has been used along with Varimax with Kaiser Normalization. Depending on the
result, eighteen statements were converted into five factors of the study. Brand attractiveness, brand motivation,
brand image, brand fondness, and brand knowledge are the elements identified for the study. SPSS was used to
perform a quantitative analysis. One-sample t-test, independent t test, Anova and factor analysis were employed
to diagnose the data. The research hopes to identify consumer sentiments regarding online advertisements as well
as their performance in creating brand equity in FMCG products.

Data Analysis
Table No. 01 KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .786
Approx. Chi-Square 663.676

Bartlett's Test of Sphericity df 171

Sig. .000

Kaiser-Meyer-Olkin Measure of Sampling Adequacy register 0.786, which is more than 0.6. This register signals
that the sample is adequate for factor analysis. It is also indicated by its p-value, which is less than 0.0001.

Table No. 02 Total Variance Explained

[Component Initial Eigenvalues Extraction Sums of Squared Loadings
1 4.700 24.739 |24.739 4.700 24.739 24.739
2 1.663 8.753  [33.492 1.663 8.753 33.492
3 1.409 7.417  |40.909 1.409 7.417 40.909
4 1.348 7.093  }48.002 1.348 7.093 48.002
5 1.238 6.518  |54.521 1.238 6.518 54.521
6 1.031 5.425  |59.946 1.031 5.425 59.946
7 .910 4.787 64.733

I8 .869 4572  [69.305

9 .750 3.949  [73.254

10 .708 3.724  [76.978

11 .625 3.289  [80.267

12 .622 3.273  [83.539

13 .546 2.873  |86.413

14 .501 2.639  [89.052

15 .493 2.593  |91.645

16 470 2.474  94.119

17 .458 2.411  |96.530

18 .371 1.953  [98.483

19 .288 1.517  [100.000

Extraction Method: Principal Component Analysis.
Based on the Eigen value, which is registered as more than 1, 18 statements shall be divided into 6 factors.
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Table No. 03 Rotated Component Matrix?

Statements

No.

Component

3 4

\When | look up information about a product online
or get marketing messages via mobile SMS or email,
lthe influence of interactive digital media is
beneficial.

Item 1

.646

\While | acquire information about the goods through
emails advertisements, email marketing has a huge
|impact.

Item 2

.756

\When | learn about a product through SMS or mobile
app promotions, the impact of mobile marketing is
more noticeable.

Item 3

577

\When | seek for information about a product on an
Internet advertisement, search engine influences and
company websites have a big influence.

Item 4

.693

\When | look for information on a product online,
social network influences have influence on the
advertisements | see.

Item 5

.753

\When | look for information about a product on the
Internet, influence of advertising is the main
consideration.

Item 6

|Depending on whether I'm a man or a woman, certain
advertisements and online content are more
appealing to me, and | use the Internet to research
products.

Item7

722

\When | review the advertisement or online, the
effects of my family and friends are crucial, therefore
I search for information about the goods online in
accordance.

Item 8

.768

Every time | review the advertisement or online and
look up information about the product on the
Internet, my personal and family ideals serve as an
inspiration.

Item 9

575

I'm fascinated by the advertisement's general
characteristics, so | look up information about the
goods online.

Item10

.661

I'm attracted to the online or offline advertisement's
design while I look up product details on the web.

Iteml11l

.696

| find the duration of the online advertising appealing
and look up more about the goods online.

Item12

772
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Component
Statements No. P

1 | 2 [ 3 ] 4 | 5] 6

\While going for online product information, thelltem13 .561
quality of the commercial or online content motivates
me.

. . Item14
When | read the commercial or seek online for

information about the things that satisfy me, my
attitude directs me.

\When | review the commercial or online and look up”emls 137

information about such products on the Internet,
brand loyalty is the most important aspect.

\When | look for information about the product online|ltem16 .761
or in an advertisement, my prior purchasing history|
speaks heavily.

Iteml17 :
I search online for the suggested product and the tem 638

advertisement, and word-of-mouth is unquestionably|
a significant factor.

I am inspired by advertisements and online shopping”emlB

because of advancements in information technology.

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 10 iterations.

Table No. 04

Name of the factors Items

Factor 1 Brand Attractiveness Items 10,11,12

Factor 2 Brand Motivation Items 7,8.9

Factor 3 Brand Image Items 4,5

Factor 4 Brand Fondness Items 13,15, 17

Factor 5 Brand Knowledge Items 1,2,3

Factor 6 Brand Reinforcement Items 16

Factor 3 and 6 can be clubbed or avoided.

One Sample T Test

e to prove the existence of Variables like Brand Attractiveness, Brand Motivation, Brand Image, Brand
Fondness and Brand Knowledge

Hypothesis

Hol: There is no significant difference between sample mean and population mean relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by Online
advertisement
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Table No. 05

One-Sample Statistics
Construct N Mean | Std. Deviation t value P value
Brand Attractiveness 151 3.5673 62277 11.194 <0.0001**
Brand Motivation 151 3.7241 .57059 15.593 <0.0001**
Brand Image 151 3.9360 .50437 22.804 <0.0001**
Brand Fondness 151 3.7152 .53527 16.420 <0.0001**
Brand Knowledge 151 3.5916 .57500 12.643 <0.0001**

Source: Primary data *significance @ 5% level

The mean value for Brand Attractiveness is 3.5673, and the standard deviation is 0.62277. The t-value of 11.194
and the p-value less than 0.0001 show that the sample mean for Brand Attractiveness is different to a hypothesized
or expected value. In other words, based on this sample of 151 respondents, the brand is very attractive, and this
relationship did not occur by chance. Brand Motivation has a mean of 3.7241 with a standard deviation of 0.57059.
With the t-value as 15.593, and a p-value less than 0.0001, the mean Brand Motivation score is statistically
significantly different from any hypothesized or expected value. This would therefore imply that, to this sample
of 151 respondents, this brand is highly motivating; and such a finding is unlikely to be coincidental. Brand Image
has a mean value of 3.9360 and a standard deviation of 0.50437. At a t-value of 22.804 with a p-value less than
0.0001, this indicates a statistically significant difference in the Mean Brand Image from that hypothesized or
expected. This means that the brand image is very favourable within the 151-respondent sample, and a finding
such as this is unlikely to occur by chance. Brand Fondness has a mean value of 3.7152, with a standard deviation
of 0.53527. With a t-value of 16.420 and a p-value less than 0.0001, this means the mean Brand Fondness score
is statistically significantly different from the hypothesized/expected value. It implies that the sample consisting
of 151 respondents was very fond of the brand, and that this finding is unlikely to have occurred by chance alone.
The mean for Brand Knowledge is 3.5916 with a standard deviation of 0.57500. The t-value of 12.643 and p-
value less than 0.0001 set the mean Brand Knowledge score statistically significantly different from any
hypothesized or expected value. This implies that the sample of the 151 respondents has a high level of knowledge
about the brand and findings unlikely to occur by chance. These results mean that the brand is evaluated very
positively on various brand-related constructs for the sample of 151 respondents, with statistical significance. In
other words, it proves that the brand is doing well according to the target audience.

Independent T Test

e to test the significant difference between Male and Female relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement.

Ho2: There is no significant difference between male mean and female relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement

Table No. 06

Independent t test
Construct Gender N Mean Std. Deviation t value P value

Brand Attractiveness Female 106 3.6101 .59889 1.238 0.220
Male 45 3.4667 .67195

Brand Motivation Female 106 3.7736 .51956 1.646 0.102
Male 45 3.6074 .66776

Brand Image Female 106 3.9371 46030 .038 0.970
Male 45 3.9333 .60135

Brand Fondness Female 106 3.7201 51463 .163 0.871
Male 45 3.7037 .58699

Brand Knowledge Female 106 3.6164 57051 .801 0.426
Male 45 3.5333 58775

Source: Primary data *significance @ 5% level

The average score of Brand Attractiveness among females is 3.6101, which is a bit higher than the corresponding
average for males at 3.4667. Since this difference in the average Brand Attractiveness scores has a t-value of 1.238
and a p-value of 0.220, this cannot be said to be statistically significant. It can thus be concluded that the brand is
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as much attractive to female as to male respondents. The mean score of Brand Motivation among females is
3.7736, which is higher than their male counterpart with a mean score of 3.6074. Having obtained a t-value of
1.646 with a p-value of 0.102, it cannot be established that there exists a statistical difference in the difference of
the mean Brand Motivation scores between females and males. The brand is hence perceived to be equally
motivating to both female and male respondents. The mean Brand Image score for females is slightly higher,
3.9371, compared to males with a score of 3.9333. The t-value is 0.038 with a p-value of 0.970, so it shows that
the difference in the mean Brand Image score between females and males is not statistically significant. Basically,
it means that there is no perception of brand image that is peculiar or unique to female or male respondents alone.
The average Brand Fondness score for females was 3.7201, slightly higher than that of males, which was 3.7037.
Using a t-value of .163 and a p-value of .871, the findings show that brand fondness mean scores are not
significantly different between females and males. The fondness toward the brand, therefore, is similar in female
and male respondents. The average score of Brand Knowledge in females is 3.6164, which is above that of their
male counterparts, with an average score of 3.5333. The calculated t-value of 0.801 with a p-value of 0.426 implies
that this difference in the mean Brand Knowledge scores for females and males is statistically nonsignificant. This
means that the level of brand knowledge among female respondents was at a level similar to that seen in male
respondents. In other words, the results of the independent t-test indicated that there were no statistically
significant differences in mean values of the brand-related constructs across female and male respondents. The
finding thus implies that the brand is perceived similarly by both genders on several dimensions.

One Way Anova

o to test significant difference among different occupation of the respondents relating to Brand Attractiveness,
Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement.

Ho3: There is no significant difference among different occupation relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement

Table No. 07

Construct Occupation N Mean | Std. Deviation F Ratio P Value
Students 69 3.6039 57813 1.017 401
Employees 51 3.6078 .63493
Brand Attractiveness Professionals 15 3.4444 .69769
Self employed 6 3.6667 .81650
Other 10 3.2333 .62952
Total 151 3.5673 .62277
Students 69 3.7585 .55095 .206 .935
Employees 51 3.7059 .61336
Brand Motivation Professionals 15 3.7333 .55205
Self employed 6 3.6667, .84327
Other 10 3.6000 .37843
Total 151 3.7241 57059
Students 69 3.8599 45878 .788 534
Employees 51 4.0196 .55542
Brand Image Professionals 15 3.9778 46234
Self employed 6 4.0000 .76012
Other 10 3.9333 43885
Total 151 3.9360 .50437
Students 69 3.6184 .57530 1.877 117
Employees 51 3.8693 44261
Brand Fondness Professionals 15 3.7111 .39574
Self employed 6 3.7778 .91084
Other 10 3.5667 49814
Total 151 3.7152 .53527
Students 69 3.5652 .51862 147 .964
Employees 51 3.6209 .61831
Brand Knowledge Professionals 15 3.6000 .59362
Self employed 6 3.5000 1.04881
Other 10 3.6667 41574
Total 151 3.5916 .57500

Source: Primary data *significance @ 5% level
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In case of Brand Attractiveness, the F-ratio is 1.017, p-value 0.401. The p-value indicates that the mean Brand
Attractiveness scores among different occupations are not significantly different. The mean Brand Attractiveness
score of students (3.6039) is slightly lower than the overall mean score (3.5673), whereas the mean scores of
employees (3.6078) and self-employed (3.6667) are a bit higher. This implies that the brand is relatively attractive
in all occupations at large. In case of Brand Motivation, the F-ratio comes out at 0.206 and the associated p-value
as 0.935 used in testing the null hypothesis, hence it is concluded that the difference in the mean scores of Brand
Motivation across the different occupations is not statistically significant. The mean scores in Brand Motivation
of all occupations are very close to the overall mean, which is 3.7241. This means that the perception based on
motivation about how the brand is, does not vary between the other jobs. Brand Image shows the F-ratio is 0.788.
P-Value is 0.534, it implies that there is no statistical significance of the difference between the borderline mean
scores of Brand Image for the other jobs. The mean Brand Image scores for employees and self-employers are
slightly above the overall mean, whereas the mean for students is slightly below. This indicates that the brand
image is perceived almost the same among the different occupations, but with very little mean differences,
meaning that they are close together. In case of Brand Fondness, the value for F-ratio is 1.877 with a p-value of
0.117 (<.05), which indicates a significant difference in Brand Fondness scores means across different
occupations. The average Brand Fondness score for Students (3.6184) is less than the general average, while the
same for Employees (3.8693) is greater than the general average. This means that the brand is perceived differently
in terms of likability for different occupations. Students are least likely to like, and employees are most likely to
like the brand. While analysing Brand Knowledge, the F-ratio is 0.147, and the value of p is 0.964, thus, there is
no statistically significant difference in the average Brand Knowledge numbers across the varying occupations.
The average of Brand Knowledge scores of all the occupations is very close to the average of the total of 3.5916.
This indicates that level of brand knowledge is independent of the diversity of the respective occupation.
Descriptive statistics reflect that the demographic makeup of respondents, while one-way ANOVA revealed that
there are no statistically significant differences in the mean values of Brand Attractiveness, Brand Motivation,
and Brand Image among different occupations. Statistically, thus, the difference in mean value of Brand Fondness
between the two populations, students being less fond and workers fonder, is significant. Brand knowledge is not
significantly different between the two occupations.

One Way Anona

e to prove the significant difference among different Income level of the respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by
online advertisement.

Ho4: There is no significant difference among different Income level of the respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online
advertisement

Table No. 08
One way ANOVA
Construct Income N Mean |Std. Deviation |F Ratio |P Value
Below 2.5 lakh 85 3.5647 .60863 .389 761
2.5 lakh - 5 lakh 42 3.6190 .60964
Brand Attractiveness 5- 10 lakh 18 3.56370 .54997
Above 10 lakh 6 3.3333 1.11555
Total 151 | 3.5673 62277
Below 2.5 lakh 85 3.7608 .56487 .888 449
2.5 lakh - 5 lakh 42 3.6190 .54882
Brand Motivation 5- 10 lakh 18 3.7222 57451
Above 10 lakh 6 3.9444 .80046
Total 151 | 3.7241 .57059
Below 2.5 lakh 85 3.8824 49789 .847 470
2.5 lakh - 5 lakh 42 3.9841 47113
Brand Image 5- 10 lakh 18 | 4.0185 .62069
Above 10 lakh 6 41111 45542
Total 151 | 3.9360 .50437
Brand Fondness Below 2.5 lakh 8 3.6745 57958 490 690
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2.5 lakh - 5 lakh 42 | 3.7619 44954
5- 10 lakh 18 | 3.7407 57798
Above 10 lakh 6 3.8889 27217
Total 151 | 3.7152 53527
Below 2.5 lakh 85 | 3.6000 54627 .706 550
2.5 lakh - 5 lakh 42 | 3.6508 .60688
Brand Knowledge 5- 10 lakh 18 | 3.5000 57451
Above 10 lakh 6 3.3333 .78881
Total 151 | 3.5916 57500
Source: Primary data *significance @ 5% level

The brand attractiveness score is highest for the 2.5 lakh - 5 lakh income group with a mean of 3.6190 and lowest
for the above 10 lakh income group with a mean of 3.3333. The F-ratio is 0.389, and with a p-value of 0.761, this
tells that changes in the Brand Attractiveness scores for different income groups are not statistically significant.
The highest mean score on Brand Motivation for the above 10 lakh income group is 3.9444, and the lowest for
the 2.5 lakh-5 lakh income group is 3.6190. The F-ratio is 0.888, and the p-value is 0.449, which falls outside the
statistically significant threshold of 0.05. Differences in Brand Motivation scores across groups for different
income classes are, therefore, not statistically significant. The highest mean of Brand Image corresponds to the
above 10 lakh income group, and the lowest corresponds to the below 2.5 lakh income group. Here, F-ratio equals
0.847, and the p-value is 0.470; it is greater than 0.05, so the differences in the Brand Image scores of different
income groups are not statistically significant. The mean of Brand Fondness in the above 10 lakh income group
is maximum, while that for the below 2.5 lakh income group it is minimum, at 3.8889 and 3.6745, respectively.
The F-ratio comes to be 0.490 with a p-value of 0.690; hence, it is greater than 0.05. Therefore, the differences in
the Brand Fondness scores for these different income groups are not statistically significant. It ranges as high as
3.6508 for the 2.5 lakh - 5 lakh income group and as low as 3.3333 for the above 10 lakh income group. The F-
ratio stands at 0.706 and the p-value 0.550; hence, it falls above 0.05. This proves that there is no statistically
significant difference in the Brand Knowledge scores among the respondents across different income groups. In
other words, based on the one-way ANOVA results, there are no statistically significant differences in the brand
equity constructs across different income groups. The brand is able to maintain constant brand equity perceptions
that seem unrelated to the consumer's income level.

One Way Anova

e to prove the significant difference among different Education level of the respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by
online advertisement.

Ho5: There is no significant difference among different Education level of the respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online
advertisement

Table No. 09
One way ANOVA
Construct Education N Mean [Std. Deviation |F Ratio |P Value
Higher Secondary | 15 | 3.7778 .70897 1.421 .239
Degree 65 | 3.4923 .58662
Brand Attractiveness PG 66 | 3.6162 .61670
Other 5 | 3.2667 .82999
Total 151 | 3.5673 .62277
Higher Secondary | 15 | 3.5111 .76497 1.258 291
Degree 65 | 3.7795 .56604
Brand Motivation PG 66 | 3.7374 52791
Other 5 | 3.4667 44721
Total 151 | 3.7241 .57059
Higher Secondary | 15 | 3.7778 .58644 1.062 .367
Degree 65 | 3.9949 46582
Brand Image PG 66 | 3.9293 .52466
Other 5 | 3.7333 43461
Total 151 | 3.9360 .50437
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Higher Secondary | 15 | 3.7556 .68390 .891 448
Degree 65 | 3.7231 47715
Brand Fondness PG 66 | 3.7273 .56055
Other 5 | 3.3333 40825
Total 151 | 3.7152 .53527
Higher Secondary | 15 | 3.6222 43400 .610 .610
Degree 65 | 3.5795 .55988
Brand Knowledge PG 66 | 3.6212 .59308
Other 5 | 3.2667 .92496
Total 151 | 3.5916 .57500

Source: Primary data *significance @ 5% level

The Brand Attractiveness has the highest average score of 3.7778 in case of the Higher Secondary education
group, while the 'Other' education group has the lowest with an average score of 3.2667. The system gives an F-
ratio of 1.421 with a p-value of 0.239: hence, it is greater than the significance level of 0.05. That means the
differences in Brand Attractiveness scores across education groups are not statistically significant. Note that the
highest Brand Motivation mean corresponds to the Degree education group with the value of 3.7795, while for
the 'Other' education group, it is lowest at 3.4667. The F-ratio value is 1.258, with a p-value of 0.291. Since this
is >0.05, differences in Brand Motivation scores across education groups cannot be asserted to be statistically
significant. It is highest in the case of the Degree education group, with a score of 3.9949, and lowest for the
'Other' education group, with a score of 3.7333. The F-ratio is 1.062, while the p-value is 0.367, which is greater
than 0.05—thus not significant. Across the different education groups, the highest mean Brand Fondness score
was 3.7556 for the Higher Secondary group, while the lowest was 3.3333 for the 'Other’ education group. The F-
ratio here is 0.891, along with a p-value of 0.448, which is greater than 0.05. Thus, differences in Brand Fondness
scores among education groups are not statistically significant. It can be seen that the mean for Brand Knowledge
is highest in the group of PG education with a value of 3.6212 and the lowest in the 'Other’ education group, with
a value of 3.2667. The F-ratio is 0.61, and the p-value is 0.610. Since this is greater than 0.05, there is no
statistically significant difference in the Brand Knowledge scores among these educational groups. The results of
the one-way ANOVA clearly indicate that there are no statistically significant differences in the brand equity
constructs across the different education groups. In other words, it is perhaps proper to say that a brand often tends
to hold consistent brand equity perceptions, irrespective of their educational backgrounds.

One Way Anova

e to prove the significant difference among different Region of the respondents relating to Brand Attractiveness,
Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement.

Ho6: There is no significant difference among different Region relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement

Table No. 10

One Way ANOVA
Construct Region N Mean |Std. Deviation [F Ratio |P Value
Rural 64 | 3.5677 .62764 190 .827
. Urban 38 | 3.6140 57226
Brand Attractiveness = "rban | 49 | 3.5306 | 66290
Total 151 | 3.5673 .62277
Rural 64 | 3.7240 .58961 .047 .954
Brand Motivation U_rban 38 | 3.7456 58732
Semi Urban | 49 | 3.7075 54277
Total 151 | 3.7241 57059
Rural 64 | 3.8646 .50297 1.256 .288
Brand Image U_rban 38 | 3.9561 48504
Semi Urban | 49 | 4.0136 .51801
Total 151 | 3.9360 .50437
Rural 64 | 3.6979 46279 .500 .607
Brand Fondness U_rban 38 | 3.7895 53927
Semi Urban | 49 | 3.6803 .61973
Total 151 | 3.7152 .53527
Brand Knowledge Rural 64 | 3.5625 .53080 .656 520
Urban 38 | 3.6842 .55857
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Semi Urban | 49 | 3.5578 .64330
Total 151 | 3.5916 57500
Source: Primary data *significance @ 5% level

The largest mean Brand Attractiveness score is that for an urban region—3.6140, while the lowest is that for Semi
Urban, at 3.5306. The F-ratio here is 0.190, and the p -value is 0.827, which is greater than the significance level
of 0.05. There are no statistically significant differences in Mean Brand Attractiveness scores between the various
regions. The Urban region had the highest mean of Brand Motivation at 3.7456, while Semi Urban posted the
lowest at 3.7075. The F-ratio is 0.047, and the corresponding p-value is 0.954, which is greater than 0.05; hence,
differences in the scores on Brand Motivation among users across regions are statistically insignificant. For Brand
Image, the Semi Urban category contributed a maximum average score of 4.0136, and the minimum was provided
by the Rural at 3.8646. The F-value is 1.256 and the p-value is 0.288, that is greater than 0.05. Thus, there are no
statistically significant differences in Brand Image scores across regions. Descriptive statistics The highest mean
score of Brand Fondness was 3.7895 in case of Urban region and lowest was 3.6803 for Semi Urban region. The
F-ratio is 0.500 and the p-value is 0.607, that is greater than 0.05. Hence, the mean scores for Brand Fondness do
not vary significantly across regions. For Brand Knowledge, the highest mean is in the Urban region, 3.6842,
followed by the lowest in Semi Urban, 3.5578. The F-ratio is 0.656, whose corresponding p-value is 0.520, which
is greater than 0.05; hence, there is no significant difference in Brand Knowledge scores across regions. The
results of the one-way ANOVA imply that there are no significant differences in brand equity constructs across
regions, which means that the brand can maintain the perception of brand equity consistently regardless of
geographical location.

One Way Anova

e to prove the significant difference among different Districts of the respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by
online advertisement.

Ho7: There is no significant difference among different Districts relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement

Table No. 11

One Way ANOVA
Construct District N Mean Std. Deviation |F Ratio |P Value
Palakkad 113 3.5634 .62691 134 .940
Thrissur 33 3.5556 .63282
Brand Attractiveness | Ernakulam 3 3.7778 .69389
Alappuzha 2 3.6667 47140
Total 151 3.5673 .62277
Palakkad 113 3.7345 .58615 114 .952
Thrissur 33 3.7071 .53201
Brand Motivation Ernakulam 3 3.5556 .69389
Alappuzha 2 3.6667 47140
Total 151 3.7241 .57059
Palakkad 113 3.9292 .50680 522 .668
Thrissur 33 3.9495 50773
Brand Image Ernakulam 3 3.7778 .50918
Alappuzha 2 4.3333 47140
Total 151 3.9360 .50437
Palakkad 113 3.6873 .54968 1.747 .160
Thrissur 33 3.8384 45736
Brand Fondness Ernakulam 3 3.2222 .69389
Alappuzha 2 4.0000 .00000
Total 151 3.7152 .53527
Palakkad 113 3.5664 .56849 575 .632
Thrissur 33 3.6970 .63116
Brand Knowledge Ernakulam 3 3.5556 .19245
Alappuzha 2 3.3333 .00000
Total 151 3.5916 .57500
Source: Primary data *significance @ 5% level
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The highest mean score for Brand Attractiveness is contributed by the district of Ernakulam with 3.7778, and the
lowest by Thrissur with 3.5556. The F-ratio is 0.134, and the p-value is 0.940; since this is higher than the
significance level of 0.05, it states that the differences in the Brand Attractiveness scores of the respondents from
different districts are not significant. The mean score in Brand Motivation is highest in the case of the Palakkad
district, and the minimum for Ernakulam district, with a value of 3.5556. The F-ratio is 0.114, and a p-value of
0.952; since this is more than 0.05, the difference in the Brand Motivation scores of the different districts is not
significant. Among the mean Brand Image scores, the maximum is noted in Alappuzha district with a value of
4.3333, and the minimum is in Ernakulam district. The F-ratio is 0.522, and with a p-value of 0.668, which is
greater than 0.05, the interpretation is that there is no statistically significant difference in the Brand Image scores
across districts. For Brand Fondness scores, the highest district mean is contributed by Alappuzha district with
4.0000, while the lowest mean contributed is by Ernakulam district with 3.2222. Again, the F-ratio is 1.747, and
with a p-value of 0.160, which is greater than 0.05, it shows there is no statistically significant difference in the
items of Brand Fondness scores across districts. It means that the Brand Fondness scores across districts are not
significantly different. Next, the highest mean of Brand Knowledge is possessed by the Thrissur district, and the
lowest by the Alappuzha district: 3.6970 and 3.3333, respectively. Here, the F-ratio comes to 0.575, and the p-
value is 0.632, which is above 0.05—hence, not significant. In other words, the results obtained from the one-way
ANOVA indicate there are no statistically significant differences in brand equity constructs across different
districts. This implies that the brand can maintain its brand equity perception equivalently, regardless of the
geographical location of the consumer in the state.

One Way Anova

e to prove the significant difference among different type of the advertisements relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by
online advertisement.

Ho8: There is no significant difference among different type of advertisement relating to Brand Attractiveness,
Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement.

Table No. 12

One Way ANOVA
Construct dvertisement Type N Mean |Std. Deviation |F Ratio [P Value
Search engine ads 9 | 3.4444 .79931 239 .869
Social media ads 131 | 3.5725 .60521
Brand Attractiveness Display ads 2 | 3.8333 .23570
Mobile ads 9 | 3.5556 .79931
Total 151 | 3.5673 .62277
Search engine ads 9 | 3.7778 .64550 .981 404
Social media ads 131 | 3.6972 .56304
Brand Motivation Display ads 2 | 4.0000 47140
Mobile ads 9 | 4.0000 .62361
Total 151 | 3.7241 .57059
Search engine ads 9 | 3.7407 .36430 .926 430
Social media ads 131 | 3.9618 49379
Brand Image Display ads 2 | 3.6667 .00000
Mobile ads 9 |3.8148 .76578
Total 151 | 3.9360 .50437
Search engine ads 9 | 3.7407 46481 1.704 .169
Social media ads 131 | 3.7379 49615
Brand Fondness Display ads 2 | 3.0000 .94281
Mobile ads 9 | 35185 .92962
Total 151 | 3.7152 .53527
Search engine ads 9 | 3.3704 91961 1.016 .387
Social media ads 131 | 3.5878 .54354
Brand Knowledge Display ads 2 | 3.8333 .23570
Mobile ads 9 |3.8148 .64788
Total 151 | 3.5916 .57500
Source: Primary data *significance @ 5% level

The mean score of Brand Attractiveness is highest in Display ads, 3.8333, and the lowest in Search engine ads,
3.4444. The analysis has presented a value of F-ratio of 0.239 with a p-value of 0.869, which is greater than the
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significance level of 0.05. Therefore, there are no statistically significant differences in Brand Attractiveness
scores across ad types. The highest average Brand Motivation score is for Display Ads and Mobile Ads, 4.0000,
while the lowest one is for Social Media Ads, 3.6972. The F-ratio is 0.981, with a p-value of 0.404; hence, this
value is greater than 0.05. This shows that the motivation scores on the brand against various ad types are not
statistically significant. It is the case that the mean of Brand Image was highest for a social media ad at 3.9618
and the lowest for Display at 3.6667. The F-ratio in this regard is 0.926, while the p-value is 0.430, hence higher
than 0.05 and therefore indicating no statistically significant difference in brand image scores across the ad types.
It is highest for Search engine ads at a rating of 3.7407, and Display ads come at the end with a rating of 3.0000.
The F-ratio is 1.704, and the p-value is 0.169, hence greater than 0.05. This interprets that differences in the Brand
Fondness scores between the various ads somewhere are not important. It is highest in the case of Display ads
with a mean of 3.8333, and minimum in the case of Search engine ads with the mean of 3.3704. The F-ratio is
1.016, with a p-value of 0.387, which is greater than the alpha level of 0.05, indicating no statistically significant
differences in Brand Knowledge scores across advertisement type variations. In other words, the outcome of one-
way ANOVA reveals that there are no statistically significant differences in the constructs of brand equity across
different types of advertisements. The brand seems to hold the capacity to sustain perceived brand equity,
irrespective of the channel used for advertising.

Independent T Test

e to prove the significant difference between Married and Unmarried respondents relating to Brand
Attractiveness, Brand Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by
online advertisement.

Ho9: There is no significant difference between married and unmarried relating to Brand Attractiveness, Brand
Motivation, Brand Image, Brand Fondness and Brand Knowledge engendered by online advertisement.

Table No. 13

Independent t test
Construct Marital status [N Mean |Std. Deviation |[tvalue [P value
Brand Attractiveness Marrie_d 41 | 3.5122 .65446 -.643 522
Unmarried 110 | 3.5879 .61236
Brand Motivation Marrie_d 41 | 3.7561 57264 420 .675
Unmarried 110 | 3.7121 57199
Brand Image Marrie_d 41 | 3.9268 .48598 -.139 .890
Unmarried 110 | 3.9394 51319
Brand Fondness Marrie_d 41 | 3.8049 41483 1.453 149
Unmarried 110 | 3.6818 .57183
Brand Knowledge Marrie_d 41 | 3.6585 .58446 .864 391
Unmarried 110 | 3.5667 57212
Source: Primary data *significance @ 5% level

The mean Brand Attractiveness score of married respondents is 3.5122, which is a bit lower than that for the
unmarried with 3.5879. Here, the t-value is -0.643, and the p-value is 0.522, which is greater than the significance
level of 0.05. This shows there is no statistically significant difference in the Brand Attractiveness score between
married and unmarried respondents. The average Brand Motivation score among the married is 3.7561, which is
a bit higher than that among unmarried ones, with 3.7121. Here, the t-value is 0.420, and with a p-value of 0.675,
which is greater than 0.05, this means that the difference in Brand Motivation scores between married and
unmarried is statistically insignificant. The average Brand Image score of 3.9268 for the married is insignificantly
small as compared to that for the unmarried, with an average score of 3.9394. The t-value is -0.139, and the p-
value of 0.890 is greater than 0.05. This suggests that the difference in the Brand Image scores of the married and
unmarried is not significant. The mean of Brand Fondness for married respondents is 3.8049, which is higher as
compared to the unmarried ones with a mean of 3.6818. The t-value is 1.453 with a p-value of 0.149, which is
greater than 0.05. This means that there are no statistically significant differences of Brand Fondness scores as
responses for the married and unmarried respondents. It means that the mean score in the brand knowledge for
married respondents is 3.6585 while the mean for unmarried respondents is 3.5667. The t-value is 0.864 with a p-
value of 0.391, also greater than 0.05. This means that the change in the Brand Knowledge scores for married and
unmarried respondents is not significant. In other words, no statistically significant differences on brand equity
constructs have been found between married and unmarried respondents. Marital status does not moderate
consumer perception of the brand.
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Findings

The study has several key findings about the effect of online advertisements on brand-related constructs among
consumers. Here are the main conclusions drawn from the analysis:

Existence of Brand Constructs: Brand Attractiveness, Brand Motivation, Brand Image, Brand Fondness, and
Brand Knowledge constructs exist in the population. Online advertisement provides effective viewership,
motivation to purchase, brand image building, fondness for brands, and enhancement of knowledge about
the brands, which together affect the purchase intentions of customers.

Gender Analysis: The analysis just reveals that the genders are not significantly different in their responses
to Brand Attractiveness, Brand Motivation, Brand Image, Brand Fondness, and Brand Knowledge. This
might mean that strategies for a specific gender are irrelevant, or the effectiveness of online ads is equally
effective across all genders.

Occupational Distribution: The brand-related constructs are uniform across different occupations, hence a
hint that the effectiveness of online ads is the same regardless of any occupational background. It could then
imply that brand perception is more driven by individual tastes or lifestyle factors rather than occupation.

Income Levels: Based on socioeconomic levels, there were no noticeable variations in brand constructions
in this particular situation. The lack of significant differences across income levels on brand-related
constructs might be an indication that the effect of online advertisements is pervasive and cuts across all
socio-economic classes. This is probably an effect of the ease of access to online ads and, in general, the
democratization of information, which may make brand knowledge and perceptions universal.

Education Level: The large variance in brand constructs across education levels may be an indication that
more educated people are more critical or more analytical towards web advertising. They simply attach
different meanings to brand messages, hence the variance. This would therefore indicate that education has
an impact on the level at which one can process and subsequently respond to a marketing message.

Regional Analysis: No regional differences in brand constructs were found to exist, indicative of the fact
that online advertisements have a uniform impact across different regions, whether urban, rural, or semi-
rural. This may be due to the extensive reach and standardization of online ad campaigns.

District Analysis: This district-wise analysis is also similar in trend to the regional analysis. It therefore
indicates that factors local to the districts are not strong enough to influence brand perceptions from online
advertisements.

Advertisements Types: The effect of various types of online advertisements, for example, display
advertisements, mobile advertisements, and social media advertisements, was checked; it was discovered
that all are the same about Brand Attractiveness, Brand Motivation, Brand Image, Brand Fondness, and
Brand Knowledge. This means that what is more important is the content rather than the format or platform
of the advertisement.

Marital Status: It was found that marital status does not considerably impact brand-related constructs
resulting from online advertisements.

Implications of the Study

Effectiveness of Online Ads

The study confirms that online advertisements have a significant relationship with consumer buying behavior and
are effective in changing consumer perceptions. The online ads have the power to draw viewers, prompt purchases,
build images of brands, develop affection for brands, and enhance brand knowledge, which is an antecedent of
the purchase intention.

Role of Brand Knowledge

Brand knowledge plays a very significant moderating role in the relationship between online advertising and
customer satisfaction. Customer satisfaction is greater for people with a positive brand knowledge. Online ads are
more considered as an information source rather than as a means to generate sales directly.
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Demographic Factors

Regarding the demographic variables like gender, occupation, income, area, district, ad type, and marital status,
the study did not find any significant variations in the brand-related constructs. Nonetheless, attitudes against
online advertisements varied considerably according to the level of education.

Importance of Interactivity

As an interactive medium, the internet provides a better route to two-way interactivity with the consumer than
traditional media. Such factors as perceived interaction, relevance, and entertainment value would go on to create
an attitude towards online ads.

Conclusion

Internet pervasiveness can cause a levelling effect across demographics in brand perceptions, as people are
exposed to homogeneous content irrespective of background. Many brands have standardized global marketing
strategies that foster homogeneous brand constructs across diverse populations. Most online advertising has
universal appeal, tending to focus on broad themes such as quality, trust, and value, which cut across demographic
segments. The ease with which information is accessible online puts people from diverse backgrounds on par in
terms of information about brands. Factors like differences in income, occupation, or region do not easily affect
brand perception.
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Abstract

This study looks at how Financial Technology (FinTech) is changing the way Human Resource (HR) departments
work in financial institutions across Sangli District, Maharashtra. As the financial sector becomes more digital,
HR teams in banks, NBFCs, and microfinance institutions are using FinTech tools to improve how they hire, train,
and manage employees. The research focuses on how these digital tools are impacting efficiency, employee
satisfaction, and the ability of organizations to adapt to change.

A combination of surveys and interviews was used to gather insights from HR professionals in both public and
private financial institutions. The results showed that FinTech is helping speed up recruitment, deliver more
effective training, and boost employee engagement. However, the transition hasn’t been without challenges. Issues
like lack of digital skills, resistance from staff, and limited budgets are slowing down adoption.

Despite these hurdles, the study highlights the importance of ongoing digital training and having strong leadership
to guide the change. It also stresses the need for strategies that are tailored to local needs. Overall, the research
shows that FinTech isn’t just for customer services—it’s also transforming how organizations manage their
people. In regions like Sangli, this shift could play a key role in making HR functions more agile and effective.
The findings offer valuable insights for financial institutions looking to modernize their internal operations.

Keywords: Financial Technology, Human Resource Practices, Recruitment, Employee Training, FinTech
Adoption, Sangli District, Financial Institutions, Digital HR

Instroduction

Financial Technology (FinTech) has significantly transformed the financial services industry—impacting not only
customer interactions but also the internal operations of financial institutions. Traditionally, Human Resource
Management (HRM) in banks and financial firms relied heavily on manual record-keeping, paper-based systems,
and repetitive administrative work. However, with the growing use of automation, artificial intelligence (Al), and
data analytics, HR departments are now becoming more efficient, data-driven, and employee-centered (Gupta &
Arora, 2022). FinTech innovations are extending beyond digital payments and customer services to fundamentally
reshape how institutions recruit, train, evaluate, and retain employees.

In India, this transformation has been particularly rapid. With an adoption rate nearing 87%, India ranks among
the world’s leading FinTech markets (Economic Survey, 2023). This progress is largely due to government
initiatives such as the Digital India program, the JAM trinity (Jan-Dhan, Aadhaar, Mobile), and the Unified
Payments Interface (UPI), all of which have accelerated the digitalization of financial systems (Mehta, 2021).
Consequently, financial institutions are recognizing the importance of updating not just customer-facing
technologies but also their internal HR systems to attract and retain a digitally skilled workforce (Kumar & Rani,
2020).

Modern HR functions in financial institutions increasingly rely on FinTech-based solutions like Al-driven
recruitment platforms, digital onboarding systems, learning management systems (LMS), automated payroll and
attendance tracking, and employee self-service portals. These tools enhance operational efficiency, improve
decision-making, and strengthen employee engagement (Raj & George, 2021). Despite these advantages, adoption
rates vary significantly across regions due to differences in infrastructure, resources, and organizational culture.

In Tier-11 and Tier-I11 cities such as Sangli, Maharashtra, the pace of HR digitalization remains slower. Financial
institutions in these regions—including cooperative banks, non-banking financial companies (NBFCs), and
microfinance firms—face challenges such as limited digital infrastructure, uneven digital literacy, financial
constraints, and employee resistance to change. Sangli’s financial ecosystem reflects a balance between rural
traditions and emerging urban ambitions, presenting both opportunities and barriers to digital transformation
(Patil, 2022).
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While FinTech is gradually influencing HR practices even in semi-urban areas, limited research exists on how
these changes are being implemented at the local level. Previous studies have primarily focused on metropolitan
institutions, leaving smaller, regional organizations understudied. This research seeks to fill that gap by examining
how FinTech tools are being integrated into HR processes within selected financial institutions in Sangli. The
study focuses on recruitment, training and development, performance evaluation, and employee engagement,
while also exploring barriers such as digital skill gaps, budgetary limitations, and cultural resistance. By analyzing
these aspects, the study aims to provide insights into how FinTech can make HRM more efficient, adaptive, and
future-ready within semi-urban financial sectors.

This study seeks to fill the existing knowledge gap by exploring how FinTech is influencing HR practices in
selected financial institutions across Sangli District. Specifically, it looks at three important questions:

1. Does adopting FinTech make recruitment more efficient and help reduce employee turnover?
2. Do digital learning and training platforms actually improve employee performance?
3. Do FinTech-based HR systems lead to greater employee satisfaction and engagement?

By examining these aspects, the research aims to uncover not only the advantages but also the practical challenges
and opportunities that come with digitalizing HR in a semi-urban setting. The findings are expected to offer useful
guidance for financial institutions looking to modernize their HR operations and better adapt to the digital era.
Ultimately, this study highlights that FinTech is more than a technological trend—it is a strategic driver of change
that is redefining how India’s financial sector manages, supports, and empowers its workforce.

Review of Literature
FinTech Evolution and Its Impact on Financial Services

Arner, Barberis, and Buckley (2016) explain how FinTech emerged as a major force in the financial world after
the global financial crisis, changing how traditional financial institutions operate. This helps us understand the
broader context of how FinTech is now making its way into HR departments.

Gomber et al. (2018) highlight that FinTech innovations don’t just affect customer service—they also improve
how companies run internally. This includes HR processes, which are becoming more digital and efficient thanks
to these tools.

Rai and Bajaj (2018) focus specifically on India, showing how FinTech adoption is helping companies stay
competitive by improving operations. Their insights make it clear that adopting FinTech for HR tasks in regions
like Sangli is both relevant and timely.

FinTech in HR: Changing Practices and Strategic Role

Gupta (2020) explores how digital tools are transforming HR, automating routine tasks and helping with smarter
workforce planning. This shows that FinTech can reduce the need for constant recruitment by improving how
companies manage and retain their people.

PwC (2017) points out that digital HR tools make organizations more agile and improve employee engagement—
both of which are essential for keeping teams motivated and productive.

Khan and Khan (2022) back this up with data from Indian IT firms, where digital HR practices, often powered by
FinTech, led to higher employee satisfaction—something that’s becoming increasingly important for companies
everywhere.

Recruitment Efficiency and Lower Hiring Needs

Faggella (2018) discusses how Al helps streamline recruitment through smart candidate screening and assessment
tools. This means companies can hire fewer people but make better-quality hires.

Huang and Rust (2021) add that Al tools help match the right people to the right jobs, which reduces turnover
and, in turn, the need for frequent hiring.

Digital Training Platforms and Better Employee Performance

Chuang, Jackson, and Jiang (2016) show that digital training—Ilike e-learning platforms—can be just as effective,
if not more so, than traditional classroom training. This helps employees learn faster and perform better.

Similarly, Kim and Gong (2020) compare digital and traditional HR approaches and find that digital tools lead to
better skills and job outcomes for employees.
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Improving Employee Satisfaction with FinTech-Driven HR

Deloitte (2020) emphasizes that a good employee experience is crucial for successful digital HR transformation.
FinTech tools help streamline HR processes, making employees’ lives easier and improving their satisfaction.

Singh and Verma (2021) provide specific evidence from Indian companies, showing how digital HR systems have
improved engagement and reduced turnover—especially important for financial institutions looking to retain
talent.

Al and HR Analytics for Smarter Decisions

Bughin et al. (2017) and Faggella (2018) discuss how Al and analytics are changing HR by making talent
management more data-driven. These technologies help HR teams make better decisions about hiring,
performance, and retention—Kkey goals of any modern HR department.

Regional and Industry-Specific Insights

Jain and Rani (2019) focus on how Indian users perceive FinTech services, pointing out both the benefits and the
barriers to adoption. Their insights are especially useful for understanding how firms in places like Sangli might
respond to digital HR tools.

The World Economic Forum (2018) gives a global view of how digital skills and automation are shaping the
workforce. This shows why adopting FinTech in HR is no longer optional—it’s a necessity to stay competitive.

Real-World Takeaways for Financial Institutions

PwC (2017) and Deloitte (2020) both offer practical advice for firms: invest in digital HR platforms to improve
efficiency, boost employee satisfaction, and future-proof your workforce. These insights help guide companies
on how to actually implement FinTech tools in their HR departments.

Gap Analysis

While there’s a lot of research showing how FinTech can improve HR—from speeding up hiring and training to
boosting satisfaction—most of it focuses on large companies or urban settings. There's very little that looks at
how this plays out in semi-urban areas like Sangli, especially in smaller financial institutions. This study fills that
gap by exploring how FinTech is changing HR practices specifically in Sangli’s financial sector, where local
challenges and opportunities offer a unique perspective.

Objectives of the Study
Primary Objective: Explore how FinTech impacts HR practices in financial services firms in Sangli.
Secondary Objectives:

o To examine the relationship between the level of FinTech adoption in firms and the frequency or severity of
recruitment reductions, with the goal of identifying whether higher adoption leads to more stable or reduced
downsizing in recruitment.

o To evaluate the impact of digital training platforms on employee performance by analyzing whether
increased use or engagement with these platforms is associated with improved employee performance
ratings.

o To assess the influence of FinTech-enabled HR processes (e.g., digital onboarding, automated payroll,
performance analytics) on employee satisfaction levels, and determine whether their implementation
contributes to higher satisfaction.

Hypotheses
H1: Firms with higher FinTech adoption show significantly lower downs the recruitments.
H2: Use of digital training platforms positively correlates with employee performance ratings.

H3: FinTech-enabled HR processes are associated with higher overall employee satisfaction.

Research Methodology
Population of the Study

For this study the researcher has selected 25 top performing financial services providers in Sangli district with
total 350 employees.
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Tablel: Population of the Study

Type of Financial service providers | Number of employees
Banks 140
NBFCs 140
Microfinance 70
Total 350
Sample Size

To calculate the sample size for a finite population (in this case, 350 employees from 25 selected financial service
providers), we use the following finite population correction (FPC) formula:
Sample Size Formula for Finite Population :
N-Z? -p-(1-p)
n=
e2(N-1)+z2.p.(1-p)

Where:
= n=required sample size
= N = population size (here,350 employees)
Z = Z-score (e.g., 1.96 for 95% confidence level)
p = estimated proportion of population (commonly 0.5 for maximum variability)
e e =margin of error (commonly 5% or 0.05)

Using data:
* N=350
e Z=1.96 (for 95% confidence)
*p=0.5
*e=0.05
350 -(1.96)% -0.5 -(1—0.5)

"= (0.05)2(350 — 1)+(1.96)20.5.(1-0.5)
350 -3.8416 - 0.25

= 0.0025.349 + 3.8416.0.25

336.14

= 0.8725+0.9604
336.14

~1.8329
~ [83.4

So, the sample size should be around 183 employees to maintain a 95% confidence level and a 5% margin of
error from a total population of 350.

Sampling Method
Use stratified random sampling:
Stratified by institution type (10 banks, 10 NBFCs, 5 microfinance).

Table 2: Sample Distribution

Type of Financial service providers Number of employees Sample
Banks 140 73
NBFCs 140 73
Microfinance 70 37
Total 350 183

Interpretation of Table 2

Table 2 presents the breakdown of the study’s sample across different types of financial service providers—banks,
non-banking financial companies (NBFCs), and microfinance institutions. Out of a total employee pool of 350,
183 respondents were selected to participate in the study. The sample includes 73 respondents each from banks
and NBFCs, and 37 from microfinance institutions.
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This distribution ensures that all major types of financial institutions are represented, making it possible to
compare employee experiences and perspectives across different organizational settings. The slightly higher
number of participants from banks and NBFCs reflects their larger workforce relative to microfinance institutions.
Using this stratified sampling approach helps maintain diversity and balance within the data, which strengthens
the credibility and overall relevance of the study’s findings within the financial services sector.

Data Collection Methods
1. Questionnaire (structured survey): Likert-scale items on efficiency, satisfaction, technology use.
2. Semi-structured Interviews: to capture deeper insights—benefits, challenges, training needs, and attitudes.

Data Analysis
Testing of the hypotheses:
For Hypothesis 1

Null Hypothesis (Ho): There is no significant difference in the number of recruitments between firms with high
and low FinTech adoption.

Alternative Hypothesis (Hi): Firms with high FinTech adoption show significantly fewer recruitments than firms
with low FinTech adoption.

Table Format for FinTech Adoption vs. Recruitment

For 183 respondents across firms categorized into two groups:

Group A — High FinTech Adoption (e.g., digital HR systems, Al recruitment)

Group B — Low FinTech Adoption (manual/legacy recruitment systems)
We compare the average number of recruitments per year per firm between the two groups.

Table 3: Data Table For Hypothesis 1

FinTech Adoption Level No. of Firms | Average Annual Recruitments | Standard Deviation
High Adoption (Group A) 12 3.42 1
Low Adoption (Group B) 13 7.69 1.18

Interpretation of Table 3

Table 3 compares the average number of annual recruitments between firms with high and low levels of FinTech
adoption. Firms that have embraced FinTech more extensively (Group A) reported an average of 3.42 recruitments
per year, while those with lower adoption levels (Group B) showed a much higher average of 7.69. This difference
suggests that organizations using FinTech tools more effectively may not need to recruit as frequently. The likely
reason is that technology-driven systems—such as automated workflows, digital HR platforms, and performance-
tracking tools—help improve efficiency and employee retention, reducing the pressure to hire new staff as often.

Statistical Test: Independent Samples t-test
Test Formula

X;—X
t = 1 2
512 s2?
ng np
Where:
e X, =3.42 (High FinTech)
e X, =7.69 (Low FinTech)
*$;=1.00,n =12
+ S5,=1.18,n,=13
Calculation :
Step 1 : Compute Variances
2.
s 1
$;2:1.3924
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Step 2 : Plug into formula

[# =
.\J'I g ! Tla
3.42 — 7.69 4.27 4.27 4.27 -
t = — R ——— — = — 2z — = —9.79
fro | 1ist 4/0.0833 + 0.1071  4/0.1904  0.436

12

L3

Degrees of Freedom (Approx.)

Degrees of Freedom (Welch's approximation):

(s3/n1 + 53/ns)?

df == =~ 23

(87/m1)" (85/ma2)*

11 —1 na—1

P value : Using a t-distribution table t = -9.79 and df =~ 23, p-value < 0.0001

The independent samples t-test produced a t-value of -9.79 with around 23 degrees of freedom, and the
corresponding p-value was less than 0.0001. Since this value is well below the standard significance level of 0.05,
the difference between the two groups is statistically significant.

In simple terms, firms with higher FinTech adoption tend to hire significantly fewer employees each year than
those with lower adoption. This supports the idea that integrating FinTech into daily operations and HR systems
can lead to more efficient processes and greater workforce stability.

These results reinforce the hypothesis that FinTech adoption affects recruitment patterns—most likely by
streamlining operations, automating routine tasks, and improving employee management systems, all of which
can reduce the need for constant hiring.

Since, p-value < 0.0001, we reject the null hypothesis And accept the alternative hypothesis “Firms with high
FinTech adoption show significantly fewer recruitments than firms with low FinTech adoption.”

Conclusion:

Key Findings

The analysis shows a clear and statistically significant difference in recruitment levels between firms with high
and low FinTech adoption. Companies that have integrated FinTech tools more extensively tend to hire fewer

new employees each year. This pattern suggests that FinTech adoption contributes to higher operational efficiency
and better employee retention.

Role of FinTech in HR Efficiency

FinTech is not limited to financial operations—it also enhances internal management processes. Automation of
repetitive HR tasks such as payroll, attendance, and recruitment reduces manual workload and saves time. Digital
tools improve coordination, streamline workflows, and allow HR managers to focus on more strategic functions
like employee engagement and development.

Impact on Workforce Stability

Firms using FinTech effectively appear to maintain a more stable and satisfied workforce. Better communication
tools, digital performance tracking, and data-driven insights help identify and address employee concerns early.
As a result, organizations experience lower turnover and less frequent recruitment cycles.

Strategic Implications for Organizations

Adopting FinTech is more than a technological upgrade—it is a strategic decision that influences how human
resources are managed. Organizations that invest in FinTech solutions can reduce HR costs, enhance productivity,
and create a more agile work environment. These improvements contribute to long-term growth and
competitiveness in the financial services sector.
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For Hypothesis 2
H2: Use of Digital Training Platforms Positively Correlates with Employee Performance Ratings
Hypothesis Statement:

Null Hypothesis (Ho): There is no significant correlation between the use of digital training platforms and
employee performance ratings.

Alternative Hypothesis (Hi): There is a significant positive correlation between the use of digital training
platforms and employee performance ratings.

Data Table (n = 183)

Variable X: Frequency of use of digital training platforms (measured on a 5-point Likert scale: 1 = Never to 5 =
Very Often)

Variable Y: Employee performance ratings (on a 5-point scale: 1 = Poor to 5 = Excellent)
Let’s summarize the data in a simplified grouped form :

Table 4: Data table for Hypothesis 2

Training Usage Score (X) No. of Respondents | Average Performance Rating ()
1 - Never 18 2.3
2 - Rarely 25 2.8
3 - Sometimes 47 3.4
4 - Often 53 4.1
5 - Very Often 40 4.5

Hypothesis Test: Pearson Correlation Coefficient (r)

We’ll calculate Pearson’s r to examine the linear relationship between digital training usage and employee
performance.

Calculation Pearson correlation computed from actual respondent data (n = 183)

Table 5: Frequency Table for Training Usage Score and Employee Performance Rating

X Y (Avg. | f X fY XY X2 fy2
(Training Performance | (Frequency)

Usage Rating)

Score)

1 2.3 18 18 41.4 41.4 18 95.634

2 2.8 25 50 70 140 100 196

3 3.4 47 141 159.8 478.2 423 543.32

4 4.1 53 212 217.3 849.2 848 891.13
5 4.5 40 200 180 900 1000 810
Total 183 321 668.8 2408.8 2389 2535.084

Pearson's r Formula for Grouped Data

N(fXY) = (fX)(fY)
JIN(FXD) = (FXONDIN(Y?) — (fY))?)

Where:
« N=183
. (f XY) =2408.8
. (fX) =621
. (fY) = 668.5
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. (f X?) = 2389
. (fY?) = 2535.084

Plug in values
Numerator :
183.2408.8 - 621.668.5 = 441810.4 - 415238.5 = 26571.9

Denominator :

\/(183.2389 —6212)084 — 668.52
=29634.8 (equivalent)

Final Calculaion
26571.9

r=————
29634.8

Final Answer: The correlation coefficient (r) =0.897 i.e. 0.90, indicating a strong positive correlation
between Training Usage Score and Average Performance Rating.

rvyn-2 . .
iz Where, r=0.897 ( correlation coefficient )

=0.897

t =

n =183 ( Sample size)
Degrees of freedom df =n-2 =181
Step 1 : Formula

0.897.4/183-2

= ~27.33

\/1-(0.897)2

To test the significance of a correlation coefficient the t-test with the following formula:
Where:

r =0.897 (correlation coefficient)

n = 183 (sample size)

Degrees of freedom df =n -2 =181

Step 2: Determine significance

Now compare this t-value to a t-distribution with 181 degrees of freedom.

At common significance levels (e.g., 0.05, 0.01), the critical t-values for df = 181 are much smaller than 27.33.
This means: p value < 0.001.

Interpretation

The calculated Pearson correlation coefficient (r = 0.897) shows a strong positive relationship between how often
employees use digital training platforms and their performance ratings.

In simple terms, when employees make regular use of digital training tools, their job performance tends to
improve.
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The t-value (t = 27.33) is much higher than the critical value for 181 degrees of freedom, and the p-value is less
than 0.001, which means the result is statistically significant.

Because of this, the null hypothesis (Ho) — stating there is no significant relationship — is rejected, and the
alternative hypothesis (Hi) — that there is a significant positive correlation — is accepted.

Overall, the analysis clearly suggests that digital training helps employees perform better at work and that frequent
users of training platforms achieve higher ratings.

Conclusion

Positive Correlation Between Digital Training and Performance
There is a strong and significant positive correlation between the use of digital training tools and employee
performance, indicating that higher engagement with digital learning is linked to better outcomes.

Enhanced Performance Through Regular Usage
Employees who regularly use digital training platforms tend to achieve higher performance ratings compared to
those who use them less frequently.

Importance of Digital Learning for Skill Development
This finding emphasizes the value of digital learning platforms in developing employee skills and boosting overall
productivity.

Organizational Benefits of Promoting Continuous Learning
Organizations can gain a competitive advantage by encouraging continuous learning through online or app-based
training systems.

Flexibility and Convenience of Digital Training
Digital training methods offer flexibility and convenience, enabling employees to learn at their own pace, which
contributes to higher job satisfaction and efficiency.

Role of Tech-Driven Learning in Organizational Success
The results support the idea that FinTech-based or technology-driven learning programs can significantly
contribute to employee growth and overall organizational success.

For Hypothesis 3:
Null Hypothesis (Ho):

There is no association between FinTech-enabled HR processes and employee satisfaction. (The variables are
independent.)

Alternative Hypothesis (Hi):

There is an association between FinTech-enabled HR processes and employee satisfaction. (The variables are
dependent.)

Chi-Square Test

(0-E)?
E

Where O : Observed Frequency

Chi-Square =Y.

(Row total)(Column total)
Grand total

E : Expected Frequency =
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Table 6: Frequency Table showing association between

satisfaction

FinTech-enabled HR processes and employee

FinTech HR Score | 0-59 60-69 70-79 80-89 90-100 Row Total
m

0-59 2 (0.11) |5(0.82) | 3(1.75) 0 (3.93) 0(3.39) 10

60-69 0 (0.22) 7(1.64) | 9(3.5) 4 (7.89) 0 (6.78) 20

70-79 0 (0.44) 3(3.28) | 12(6.99) | 18(15.74) | 7 (13.55) 40

80-89 0 (0.6) 0(4.51) | 6(9.62) 30 (21.64) | 19(18.63) | 55

90-100 0 (0.63) 0(4.75) | 2(10.14) | 20(22.82) | 36 (19.65) | 58
Column Total 2 15 32 72 62 183

( Note- values in () indicate expected frequencies)

Hence by applying above formula the calculated Chi-square value

Degrees of Freedom

df=(r-1)(c-1)=(5-1)(5-1)=16

Compute Test Statistic

Hence by applying above formula the calculated Chi-square value is 137.74.
Interpretation

From the chi-square test conducted to examine the association between FinTech-enabled HR processes and
employee satisfaction, the calculated chi-square value is 137.74, which is much higher than the table value of
26.30 at 16 degrees of freedom.

This clearly indicates that the difference between the observed and expected frequencies is statistically significant.
Therefore, the Null Hypothesis (Ho) — stating that there is no significant association between FinTech-enabled
HR processes and employee satisfaction — is rejected, and the Alternative Hypothesis (H:) — stating that there
is a significant association — is accepted.

In simpler terms, this means that as organizations adopt and integrate FinTech solutions into their HR operations
(such as payroll automation, digital onboarding, or online performance tracking), employees tend to report higher
levels of satisfaction. The results confirm that technological integration in HR not only enhances process
efficiency but also positively impacts employee morale and engagement.

Conclusion :

Statistical Evidence of Impact
The chi-square analysis provides strong statistical evidence that FinTech-enabled HR systems are significantly
associated with employee satisfaction levels.

Significance of FinTech-Driven HR Processes
The high chi-square value (137.74) compared to the table value (26.30) indicates that FinTech-driven HR
processes play a key role in enhancing the overall employee experience.

Improved Employee Satisfaction Through Digital Platforms
Employees tend to be more satisfied when HR tasks—such as payroll, attendance, leave management, and
performance reviews—are managed through digital and automated systems, reducing delays and errors.

Transparency, Accessibility, and Efficiency

Integrating FinTech in HR functions fosters greater transparency, accessibility, and operational efficiency,
contributing to a more positive and supportive work environment.

5. Organizational Implications

The findings suggest that organizations should continue investing in FinTech tools for HR management to build
employee trust, streamline workflows, and further enhance satisfaction.
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Current Situation of the Study

o Financial institutions in Sangli are gradually adopting FinTech solutions in HR, but adoption levels vary
across organizations. Larger banks and NBFCs have integrated digital tools for recruitment, payroll,
attendance, and employee engagement, while smaller microfinance institutions face challenges such as
limited infrastructure and budgets.

o Digital training platforms are increasingly used, with employees engaging in these tools showing better
performance outcomes. This highlights the growing role of technology in skill development.

o Automated HR processes, such as self-service portals, digital onboarding, and performance tracking,
improve employee satisfaction by reducing errors, delays, and administrative burdens.

o Challenges remain, including low digital literacy among staff, resistance to change, and incomplete
technological integration, which limit the full potential of FinTech in HR.

Findings

Finding 1: FinTech Adoption and Recruitment Trends

Firms with high FinTech adoption show significantly fewer recruitments compared to firms with low adoption.
This suggests that FinTech may contribute to greater hiring efficiency, possibly through better workforce
planning, automation, or improved retention strategies.

Finding 2: Digital Training and Employee Performance

There is a significant positive correlation between the use of digital training platforms and employee performance
ratings. Employees who engage more frequently with digital training platforms tend to have higher performance
outcomes, indicating the effectiveness of FinTech-enabled learning tools.

Finding 3: FinTech in HR and Employee Satisfaction

A significant association exists between FinTech-enabled HR processes and employee satisfaction. Tools such
as automated payroll, digital onboarding, and self-service HR platforms contribute to better employee experiences
and satisfaction levels.

Suggestions

Suggestion 1: Encourage FinTech Adoption in HR

Organizations should invest in FinTech-driven HR solutions to streamline hiring, reduce redundant processes, and
enhance decision-making in talent acquisition. Improved automation can lead to better retention strategies and
optimized workforce management.

Suggestion 2: Expand Digital Training Infrastructure

Companies should promote and expand digital training platforms, ensuring access across all departments and
employee levels. Personalized, on-demand training can enhance employee skills, productivity, and adaptability
in a digital environment.

Suggestion 3: Integrate Comprehensive FinTech Tools in HR Operations

Implement end-to-end digital HR platforms to handle tasks such as payroll, onboarding, performance tracking,
and feedback systems. Doing so improves employee satisfaction, reduces administrative burden, and creates a
more transparent, employee-friendly environment.

Suggestion 4: Monitor and Evaluate Impact Continuously

Firms should continuously assess the impact of FinTech tools on key HR metrics (recruitment rates, performance
scores, satisfaction levels). Data-driven HR policies will ensure sustainable improvement and employee
alignment with organizational goals.

Future Scope of the Study

o Broader Adoption of FinTech in HR: Research can explore strategies for wider FinTech adoption in semi-
urban and rural financial institutions.

o Longitudinal Impact on Employee Performance: Future studies can track long-term effects of digital
training and FinTech-enabled HR systems on employee performance and retention.

o Employee Engagement and Satisfaction: Investigate how FinTech-driven HR processes influence
motivation, engagement, and organizational culture.

o Integration of Emerging Technologies: Study the role of Al, analytics, and automation in predictive hiring,
skill-gap analysis, and personalized learning.
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o Policy and Organizational Recommendations: Research frameworks to address digital literacy gaps,
resistance to change, and cybersecurity in HR digitalization.

o Regional and Sectoral Comparisons: Compare FinTech adoption and HR effectiveness across Tier-11 and
Tier-111 cities to guide localized digital strategies.

o Measuring ROI of Digital HR Investments: Evaluate cost savings, efficiency gains, and employee
satisfaction improvements from FinTech investments.

Overall Conclusion

FinTech is transforming HR practices in Sangli’s financial institutions by improving efficiency, employee
performance, and satisfaction. While adoption is uneven and challenges remain, digital tools offer opportunities
to modernize HR processes, reduce administrative burdens, and strengthen workforce management. Organizations
that strategically integrate FinTech in HR can achieve leaner operations, more engaged employees, and sustainable
growth in the increasingly digital financial ecosystem.
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Abstract

In today’s competitive world, organizations must constantly improve productivity, quality, and efficiency. Kaizen
(continuous improvement) empowers employees to suggest small, meaningful changes that keep the company
adaptable. Employees feel valued when their ideas are heard and implemented. Engagement increases because
workers become active contributors. Motivation improves when employees see their contributions making a real
difference. Kaizen creates a sense of teamwork and shared responsibility. Motivation through Kaizen builds trust
and loyalty, as employees see they are part of long-term growth. The analytical research design was used to
examine Employee Engagement and Motivation through Kaizen Practices. A massive change in Organisational
Behaviour observed after implementing Kaizen Competitions. This research explores the impact of Kaizen
practices on Employee Engagement and Motivation at Synergy Green Industries Limited. The overall impact has
been highly positive in standardization of management process and motivation will further strengthen Kaizen’s
effectiveness and sustain long-term operational excellence.

Keywords: Employee Engagement, Motivation, Kaizen

Instroduction

Kaizen is a Japanese term meaning "continuous improvement.” It is a philosophy and methodology that focuses
on making small, incremental changes in processes, products, and workplace culture to achieve long-term
efficiency and quality improvements. It is a Japanese business philosophy that concerns the processes that
continuously improve operations and involve all employees. Kaizen sees improvement in productivity as a gradual
and methodical process. The concept of kaizen encompasses a wide range of ideas. It involves making the work
environment more efficient and effective by creating a team atmosphere, improving everyday procedures,
ensuring employee engagement, and making a job more fulfilling, less tiring, and safer.

In the context of business, Kaizen is understood to be a set of methods, techniques and activities that are
undertaken to improve manufacturing/production processes on all levels, involving all employees, from CEOs
and mid-level managerial staff to production workers and even external associates when possible. The main goal
of the Kaizen philosophy is to improve quality and productivity while reducing waste. This is achieved through
continuous small - and often relatively simple - measures and actions. In order to be able to implement Kaizen in
all levels of organization, simplicity is a key tenet of the core philosophy. As a result, anyone regardless of
education level and skill can easily understand and implement Kaizen measures.

Kaizen has been implemented by both large multinational corporations and small businesses in Japan since the
end of the Second World War. According to the most commonly accepted Kaizen definition, it’s an ongoing
practice of improvement which was popularised in the West in the second half of the 20th century by the success
of the so-called Toyota Way, widely considered the prime Kaizen example.

In a world where markets are changing rapidly and competition is more intense than ever; organizations are
looking for effective methods to remain agile and competitive. Kaizen, a basic component of lean management,
is proving to be an indispensable tool for organizations that want to succeed in today's world.

The present study aims to evaluate how Kaizen contributes to employee engagement and continues motivation.
Kaizen (continuous improvement) empowers employees to suggest small, meaningful changes that keep the
company adaptable. Engagement increases because workers become active contributors, not just passive
executors. Employees become more creative and solutions-oriented, fostering innovation. Motivated and engaged
employees naturally perform better. Kaizen creates a sense of teamwork and shared responsibility. Employees
collaborate, share ideas, and feel proud of their workplace Today’s workforce values participation, growth
opportunities, and meaningful contribution. Kaizen matches these expectations, making organizations more
attractive to top talent.
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Understanding Kaizen

Some of the key objectives of the kaizen philosophy include quality control, just-in-time delivery, standardized
work, the use of efficient equipment, and the elimination of waste. The overall goal of kaizen is to make small
changes over a period of time to create improvements within a company. That doesn't mean alterations happen
slowly. The kaizen process simply recognizes that small changes now can have huge impacts in the future.
Improvements can come from any employee at any time. The idea is that everyone has a stake in the company's
success and everyone should strive, at all times, to help make the business model better. Many companies have
adopted the kaizen concept.

What does Kaizen mean?

Kaizen translates as "change for the better” ("Kai" = "change" and "Zen" = "for the better") and stands for
""continuous improvement™ or a "continuous improvement process" (= CIP). This philosophy and method aim to
constantly and gradually improve processes, products or services. It was developed in Japan (Toyota) by Masaaki
Imai, particularly after the Second World War, and has since spread to various industries and organizations
worldwide.

How Kaizen works

Kaizen is based on the belief that everything can be improved, and nothing is the status quo. It also rests on a
Respect for People principle. Kaizen involves identifying issues and opportunities, creating solutions and rolling
them out -- and then cycling through the process again for inadequately addressed issues and problems. A cycle
made up of seven steps can be implemented for continuous improvement and can provide a systematic method
for executing this process

Kaizen Cycle for Continuous Improvement
Kaizen can be implemented in a seven-step cycle to create an environment based on continuous improvement.
This systematic method includes the following steps:

Get employees involved - Seek the involvement of employees, including soliciting their help in identifying issues
and problems. Doing so creates buy-in for change. Often, this is organized as specific groups of individuals
charged with gathering and relaying information from a wider group of employees.

Find problems - Using widespread feedback from all employees, gather a list of problems and potential
opportunities. Create a list if there are many issues.

Create a solution - Encourage employees to offer creative solutions, with all manner of ideas encouraged. Pick
a winning solution or solutions from the ideas presented.

Test the solution - Implement the winning solution chosen above, with everyone participating in the rollout.
Create pilot programs or take other small steps to test out the solution.

Analyse the results - At various intervals, check progress, with specific plans for who will be the point of contact
and how best to keep ground-level workers engaged. Determine how successful the change has been.

If results are positive, adopt the solution throughout the organization.

These seven steps should be repeated on an ongoing basis, with new solutions tested

Kaizen 5s Framework

A 5S framework is a critical part of the Kaizen system and establishes an ideal physical workplace. The 5Ses
focus on creating visual order, organization, cleanliness and standardization to improve profitability, efficiency,
service and safety. Below are the original Japanese 5Ses and their common English translations.

The 5S method is a lean management technique and is also used in the Toyota Production System (TPS). It aims
to organize and optimize workplaces in order to improve safety, quality, productivity and efficiency while
maintaining order and cleanliness. The term "5S" comes from five Japanese terms that represent the five steps of
this method:

1. Seiri (sorting) - sorting out and removing everything that is unnecessary

2. Seiton (systematize) - (re)arrangement of all remaining things

The aim here is to arrange the remaining items so that they are within reach and within reach. A structured and
well-organized workplace contributes to efficiency.

3. Seiso (cleaning) - Regular cleaning of the workplace

This step involves regular cleaning of the workplace to maintain a safe and pleasant environment. Cleanliness not
only contributes to safety, but also to the identification of errors.

4. Seiketsu (standardization) - introducing (work) processes and standards
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This is about developing standards and processes to maintain the results of the first three steps. Standardization
helps to create clarity and consistency for workflows

5. Shitsuke (self-discipline) - adherence to standards for continuous improvement

This step relates to compliance with the developed standards and continuous improvement. It is about accepting
the changes as part of daily work practice and ensuring that the 5S principles are continuously applied.

Together, these five steps help to create a well-organized, safe and efficient workplace. The 5S method promotes
a culture of continuous improvement (= Kaizen) and is an integral part of lean management.

Advantages of Kaizen (For Companies)
Kaizen offers a multitude of benefits for companies, regardless of their size or industry. Here are some of the key
benefits of Kaizen:

Continuous improvement: the key benefit of Kaizen is in its name itself. The method promotes a culture of
continuous improvement in which small, incremental steps lead to processes, products and services being
constantly optimized. This enables companies to adapt flexibly to changing requirements.

Increasing efficiency: Kaizen aims to minimize waste and maximize efficiency. By identifying and eliminating
unnecessary steps in processes, companies can make their operations leaner and more efficient.

Quality improvement: The constant review and adjustment of work processes in Kaizen lead to better quality of
products and services. Errors are identified and rectified more quickly, which increases customer satisfaction.

Employee involvement and motivation: Kaizen involves employees at all levels of the organization. By
involving the workforce in the continuous improvement process, employees feel more connected to their
contribution to the company's success, which increases motivation and productivity.

Cost reduction: By identifying waste and optimizing processes, companies can reduce costs. This includes not
only direct production costs, but also indirect costs such as stock levels and waiting times.

Faster time to market: The agile nature of Kaizen enables companies to respond more quickly to market
demands. Through continuous improvement, products and services can be developed, tested and brought to market
faster.

Flexibility and Adaptability: Companies that practice Kaizen are better able to adapt to change. Constantly
evaluating and adapting processes makes organizations more flexible and resilient to unforeseen challenges.

Customer Focus: Kaizen places a strong focus on the needs of the customer or end user. Through continuous
improvement based on customer feedback, organizations can better align products and services with the needs of
their target audience.

In summary, Kaizen promotes an organizational culture based on learning, adaptation and continuous
improvement, which is critical to succeed in today's dynamic business environment.

Key principles and tools HR uses to measure productivity

Eliminate waste (Muda)

Kaizen emphasizes identifying and removing wasteful activities that do not add value. HR can use this principle
to measure productivity by:

Time studies: Analysing time spent on non-value-added administrative tasks, such as manual data entry or
excessive paperwork during onboarding. By implementing digital forms and e-signatures, HR can reduce
processing time and track the resulting efficiency gains.

Workflow mapping: Creating a visual map of HR processes like recruitment or performance management to
identify bottlenecks, redundancies, and inefficiencies. Measuring improvements might involve tracking the time-
to-hire or the number of approval steps eliminated.

Empower People
Kaizen's success hinges on involving employees at all levels, as those closest to the work often have the most
insight into potential improvements. This empowerment helps HR measure productivity in several ways:

Suggestion systems: Establishing formal or informal systems for employees to submit improvement ideas. By
tracking the number of suggestions and the positive impact of implemented ideas, HR can measure the value of
employee engagement and ingenuity.
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Employee satisfaction surveys: Measuring improvements in employee morale, job satisfaction, and engagement
through regular surveys. Higher morale and engagement are key indicators of a more productive and invested
workforce.

Data-driven performance analysis
Kaizen shifts the focus from subjective assessments to objective, measurable results.

Set and track KPIs: HR develops and monitors key performance indicators (KPIs) related to the specific
improvement initiatives. For example, after streamlining a process, KPIs could measure:

Recruitment: Time-to-fill, cost-per-hire, or new-hire retention rates.
Training and development: Completion rates, skill gap reduction, or post-training performance metrics.

Compare data before and after: By collecting baseline data before a Kaizen initiative and then comparing it to
post-implementation data, HR can measure the tangible impact of the changes.

The PDCA Cycle (Plan-Do-Check-Act)
The Kaizen Deming cycle is the Plan-Do-Check-Act (PDCA) cycle, a framework for continuous improvement
championed by W. Edwards Deming and central to Kaizen, a Japanese philosophy of incremental improvement.

ACT PLAN

CHECK DO

Figure No. 1: The PDCA Cycle
Plan:
Identify a problem or opportunity for improvement. Analyse the current situation, gather data, and develop a plan
for a change or solution.

Do:
Implement the proposed change on a small scale, such as a pilot project. This allows for observation and data
collection in a real-world setting.

Check (or Study):
Evaluate the results of the change. Compare the results against the goals set in the Plan phase and identify what
worked and what didn't.

Act:
Based on the Check phase, decide on the next step. If the change was successful, standardize it and implement it
more broadly. If the change was not successful, refine the plan and start the cycle over.

Create a standard of excellence

Kaizen promotes standardizing successful improvements to ensure consistency and prevent regression. Document
and standardize best practices: HR formalizes new, more efficient processes into standard operating procedures
(SOPs). The documentation itself becomes a benchmark for measuring future performance.

Track adherence to standards: Measuring compliance with standardized procedures helps HR ensure that
productivity gains are sustained over the long term.
In essence, Kaizen provides HR with a strategic framework to go beyond basic metrics by focusing on the process
of work itself. This empowers employees to identify and solve problems, creating sustainable, data-driven
improvements that increase productivity over time.
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Methodology:

In this research, the analytical research design was used to examine Employee Engagement and Motivation
through Kaizen Practices in Synergy Green Industries Limited. The study aims to assess how Employee are
Motivated and Engaged. Both Quantitative and qualitative methods were used to collect data.

The universe of study consists of all 220 employees, who has participated in Kaizen Competition during January
to December 2024. A Sample size 25 percent respondents i.e. (56 respondents) were selected using Purposive
sampling technique. The Kaizen Competition report was used as initial source for Data collection on the basis of
Lowest and Highest Score. Similarly, a semi-structured interviews were conducted to gather in-depth insights
from employees.

Discussion and Result: This section explains, how Kaizen Practices promotes Employee Engagement and
Motivation through detailed discussion on research question and result.

Research Question 1: Does Kaizen Practices proposal promote Employee Engagement in Industry?

Kaizen Proposal
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Figure No. 2: Distribution of Kaizen Proposals received from various department

Result & Discussion:  The data provides an overview of responses from different departments within an
organization distributed across 8 departments.

Quality Assurance (QA) and Moulding department has the highest response rate, suggesting that it plays a major
role in the organization or is the most engaged department.

Melting, HR, Production, and Welding given medium response relatively.

HSE and Planning & Technology have the smallest response rates (2% each), which may indicate fewer staff
members.

The above data shows that the involvement of Employee has been increased substantially. It indicates that Kaizen
Practices promote Employee Engagement in Organisation.

Research Question 2: Which Organisational Behavioural changes among Employees before and After Kaizen
Competitions?

Table No. 1: Organisational Behavioural changes among Employees before and After Kaizen
Competitions

Before Kaizen After Kaizen
Behavioural Almo | Seldo | Someti | Ofte | Almo | Almo | Seldo | Someti | Ofte | Almo
changes in st m mes n st st m mes n st
Employees never alway | never alway
S S
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Active |
Involvement
Healthy %}
Communication
collective |
problem-solving,
enhanced  team
spirit

Positive Work
Culture

N § §{ { H

Result & Discussion: The above table depicts the organisational Behavioural changes among Employees before
and After Kaizen Competitions. The collective problem-solving has been improved from seldom to almost always
level. While sometimes level of healthy communication, team spirit and Work Culture increased to almost always
status. Active Involvement of employees also reached from often to almost always.

The above data indicates that there are massive changes in Organisational Behaviour after implementing Kaizen
Competitions. Which leads to bring out Ideal Behavioural changes in employees.

Research Question 3: Kaizen suggestions improved Performance Management Framework

Table No. 2: Improved Performance through Kaizen suggestions

No. Areas of Performance Management Frequency | Percentage %
1 Productivity 48 85

2 Quality 45 80

3 Cost 56 100

4 Delivery 47 83

5 Safety 56 100

6 Morale 52 92

7 Environment 44 78

Percentage Distribution

120%
100%
80%
60%
40%
20%

0%
Productivity Quality Cost Delivery Safety Morale Environment

m Percentage Distribution

Figure No. 3: Distribution of performance percentage through Kaizen suggestions

Result & Discussion: The data indicates Kaizen suggestions accelerated Performance Management process.

All the kaizen suggestions contributed cost saving and safety in process. When

Morale level is increased to 92%, Productivity has improved though 85%. The Delivery performance increased
to 83% and Quality to 80% respectively. Environment suggestions are improved up to 78%.

The overall outcome of Kaizen suggestions widely promoted Performance Management process in organisation.
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Table No. 3: PQCDSME and Improvements in Management Process

Factor How It Improves Role of Management Process
Productivit Waste elimination, streamlined Standardize best practices, allocate resources
Y workflows, reduced downtime effectively, encourage employee suggestions
. Promote quality checks, empower employees to
i Fewer defects, error prevention, . e
Quality . . stop defective processes, foster “do it right the first
improved consistency E
time” culture
Cost Lower operational costs through waste Ensure cost transparency, minimize rework,
reduction and efficiency encourage cost-saving innovations
Deliver Shorter lead times, on-time delivery, Coordinate supply chain, monitor performance
Y reduced bottlenecks metrics, optimize scheduling
Fewer accidents, safer work Set safety standards, provide training, promote
Safety : . . L
environment, preventive practices shared responsibility for safety
Morale Higher job satisfaction, employee Recognize efforts, celebrate small wins, involve
motivation, teamwork employees in decisions
. Reduced waste, energy savings, eco- Enforce environmental compliance, adopt green
Environment . - A -
friendly practices initiatives, promote sustainability culture

Motivation through Kaizen Awards: Human Resource Manager’s strategy of showcasing Kaizen Award
winners on Notice boards lead to popularising the competition. The Winners display of photos and cash prizes
became motivational to other employees. The appreciation letter from management created strong affiliation bond
with organisation among employees. Celebration of such motivational activity helped to develop morale and a
continuous improvement culture across the organization.

Benefits of Employee Engagement and Motivation through Kaizen Practices

Motivation through Kaizen encourages workers to focus on minimizing errors and improving product/service
standards. Engaged employees continuously seek ways to work smarter, reducing time and resource wastage.
Employees actively suggest new ideas and creative solutions, fostering continuous innovation. Motivation
increases as employees see their ideas valued and implemented, leading to happier and more fulfilled staff.
Continuous engagement ensures that improvements are ongoing, helping the organization remain competitive. A
continuous improvement mindset builds trust, transparency, and a supportive environment. When employees
contribute to improvements, they feel responsible and accountable for outcomes. Motivated employees deliver
higher quality, leading to satisfied and loyal customers. Engaged employees are more loyal, lowering recruitment
and training costs. Kaizen promotes collective problem-solving, enhancing team spirit and workplace harmony.

Conclusion:

The findings indicate that Kaizen has been successfully implemented at SGIL, leading to improvements in
management process such as productivity, quality, cost, Delivery, Safety, Morale and Environment. Employee
engagement in Kaizen activities is high, and management's support for continuous improvement is evident.
However, areas for improvement include ensuring all employees receive proper training, standardizing Kaizen
practices across all departments, and enhancing recognition and motivation strategies. Addressing these areas will
further strengthen the impact of Kaizen and drive continuous growth in organizational efficiency and employee
satisfaction. The implementation of Kaizen at SGIL has led to significant improvements in productivity, quality,
teamwork, and efficiency. Employees are actively engaged, and management strongly supports continuous
improvement initiatives. While the overall impact has been highly positive for standardizing management process
and motivation will further strengthen Kaizen’s effectiveness and sustain long-term operational excellence. For
kaizen implement to develop the healthy relation between employee and management. The kaizen effectiveness
is showing gap before implement of kaizen theme and after implement of kaizen theme of organizations.
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Abstract

Mega events such as international sports tournaments, trade expos, and cultural festivals attract thousands to
millions of participants, making efficient registration and check-in systems critical. Traditional manual
registration methods often result in long queues, high error rates, and poor participant experience. In contrast, QR
code—based registration systems have emerged as an effective solution offering speed, accuracy, and enhanced
security.

This study investigates the impact of QR code—based registration compared with traditional systems in the context
of mega events. A quantitative research approach supported by observational insights was adopted using survey
data, observation, and simulated experiments with a sample of 40 participants. Statistical tools such as descriptive
analysis, independent sample t-tests, correlation, regression, and chi-square tests were applied to evaluate
efficiency, user satisfaction, ease of use, and error rates across the two methods.

Findings reveal that QR-based systems significantly reduce average check-in time (13 seconds vs. 60 seconds),
enhance user satisfaction and ease of use, and minimize registration errors compared to traditional approaches.
Regression analysis shows a strong positive relationship between ease of use and participant satisfaction, while
chi-square results confirm significantly lower error rates in QR systems.

The study concludes that QR code—based registration systems are a superior alternative to traditional methods for
managing large-scale events. Practical implications for event managers and organizers include improved crowd
management, enhanced participant experience, and readiness for future smart event ecosystems.

Keywords: QR Codes, Event Registration Systems, Digital Transformation, User Experience, Contactless
Technology

Instroduction

Mega events, such as international expos, global sports tournaments, political summits, and large-scale festivals,
represent some of the most complex and high-stakes organizational challenges in the modern era. These events
draw tens or even hundreds of thousands of participants, ranging from attendees and performers to organizers and
security personnel. One of the most critical components in the successful execution of such events is the
registration and entry management system, which not only determines how efficiently attendees can gain access
but also plays a central role in safety, data accuracy, crowd control, and overall user satisfaction.

Traditionally, registration for mega events has relied on manual processes or barcode-based systems that, while
functional, often suffer from limitations including long queues, data mismatches, and the potential for fraud or
security breaches. In recent years, however, QR (Quick Response) codes have emerged as a powerful
technological solution capable of overcoming many of these challenges. Introduced in the mid-1990s for industrial
tracking, QR codes have evolved rapidly with the rise of smartphones, mobile apps, and cloud-based
infrastructure, now offering a fast, flexible, and scalable way to handle event check-ins and digital ticketing.

The integration of QR code-based registration in mega events reflects a broader trend of digital transformation
within event management. As stakeholders seek more efficient, secure, and user-friendly systems, QR codes offer
numerous benefits: contactless check-in, real-time data synchronization, automated validation, and analytics
integration. Especially in the wake of the COVID-19 pandemic, the demand for contactless, hygienic, and reliable
systems has accelerated the adoption of such technologies. High-profile global events such as the Tokyo Olympics
2021, Expo 2020 Dubai, and the FIFA World Cup 2022 have already demonstrated how QR code systems can
streamline operations while enhancing the overall experience for both attendees and organizers.

Despite the growing adoption of QR-based systems, academic research on their impact remains limited. There is
a pressing need to explore the effectiveness of these systems in real-world contexts, particularly within the high-
pressure, large-scale environment of mega events. Questions remain about how QR codes influence the speed and
accuracy of registration, how users perceive the ease and convenience of the system, and whether such systems
genuinely reduce operational costs and security risks compared to legacy methods.
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This research paper aims to fill this gap by conducting a comprehensive study on the role and effectiveness of QR
code-based registration systems in mega events. The study employs a quantitative research approach, analyzing
both primary data (from surveys) and secondary data (from event reports and system logs) to examine multiple
dimensions: efficiency (in terms of time and cost), user satisfaction, system reliability, and data security. By
evaluating QR code technology through this multifaceted lens, the paper seeks to contribute to the existing body
of knowledge in event management, digital systems integration, and user experience design.

Furthermore, the findings of this study hold practical implications for event organizers, tech providers, and policy
makers. As global events continue to grow in scale and complexity, the ability to implement smart, scalable
registration systems becomes increasingly vital. This research will provide insights into best practices and
potential challenges, offering data-driven recommendations for enhancing digital infrastructure in the event
industry.

In the sections that follow, this paper will present a detailed conceptual background of QR code technology in
event contexts, clearly define the objectives and hypotheses of the study, describe the research methodology and
instruments used, and analyze the collected data through appropriate statistical methods. The ultimate goal is to
offer a holistic understanding of the impact that QR codes can have on the registration process in mega events—
shedding light on both their promise and their limitations.

Review of Literature

The rapid digitalization of event management has encouraged the adoption of technologies that enhance
operational efficiency and participant experience. QR codes have emerged as a widely accepted tool for enabling
contactless interactions across sectors such as transportation, healthcare, education, and public events.

Bista et al. (2012) highlighted that QR codes significantly improve user engagement by enabling quick access to
digital information through mobile devices. Similarly, Gao et al. (2017) examined mobile QR adoption and found
that perceived usefulness and ease of use strongly influence user acceptance.

In the context of event management, Kim and Lee (2021) emphasized that contactless technologies became
essential following the COVID-19 pandemic, improving safety and reducing physical interactions. Their findings
suggest that digital registration systems enhance both operational speed and participant confidence.

Nguyen and Luu (2019) explored security concerns associated with QR-based systems and concluded that
encrypted QR frameworks can provide reliable authentication while minimizing fraudulent entries.

Despite these contributions, existing studies primarily focus on mobile payments and ticketing systems. Limited
empirical research has examined the effectiveness of QR code—based registration specifically in mega events
using statistical validation techniques.

Therefore, the present study aims to bridge this gap by providing quantitative evidence on efficiency, satisfaction,
and error reduction associated with QR-based registration systems.

Evolution of QR Code Technology

QR codes were first invented in 1994 by Denso Wave, a subsidiary of Toyota, as a tool for rapid inventory
tracking. Compared to traditional barcodes, QR codes could store significantly more information, be read in
multiple orientations, and offer faster scanning speeds. With the advent of smartphones and mobile internet access,
QR codes found new applications in marketing, payments, and information dissemination. Today, they have
become a ubiquitous part of digital infrastructure, especially in contexts that require quick, contactless, and
verifiable transactions.

In event registration, QR codes are used to encode attendee information (such as ticket details, identity credentials,
or access permissions) and are scanned at entry points to authenticate and admit participants. Their integration
with mobile apps and cloud-based registration platforms has made them ideal for dynamic environments like mega
events, where thousands of attendees must be processed quickly and securely.

The Role of Registration Systems in Mega Events

Registration systems are not merely administrative tools; they form the foundation for attendee experience, crowd
control, and data collection. In mega events—such as the Olympic Games, international expos, or global
summits—manual or semi-digital registration systems often fall short in terms of speed, accuracy, and scalability.
Common issues include long queues, paper-based errors, fraudulent entries, and data mismanagement.

Digital registration systems aim to solve these problems through automation, real-time data syncing, and
integration with ID verification technologies. QR codes enhance these systems by enabling each attendee to carry
a unique, scannable identifier that links to their profile or access rights. When combined with mobile apps or e-
tickets, QR codes provide a seamless and efficient check-in process while reducing human error.

Contactless Technology and Post-Pandemic Digital Shift

The COVID-19 pandemic accelerated the adoption of contactless technologies in both public and private sectors.
Event organizers had to rethink traditional methods of engagement and access control, leading to an increased
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reliance on mobile-based, contact-free registration and entry systems. QR codes became central to this shift due
to their adaptability and low-cost implementation. They could be integrated with health declarations, vaccine
certificates, or digital passes, ensuring both safety and compliance with public health guidelines.

This transformation was evident in events like Expo 2020 Dubai, where QR-based smart badges allowed
participants to navigate, interact, and access sessions without physical contact or manual intervention. The
technology not only improved hygiene and efficiency but also added layers of traceability and analytics, allowing
organizers to monitor attendance patterns and movement flows in real time.

Integration with Digital Infrastructure and Analytics

Modern QR code-based systems do not operate in isolation; they are embedded within a broader ecosystem of
cloud databases, event management platforms, and analytics dashboards. Each scan of a QR code becomes a data
point that can be analyzed for operational insights—such as peak entry times, average check-in duration, or
demographic patterns. This real-time data can be used for load balancing, resource allocation, and post-event
reporting, adding value beyond simple access control.

For example, organizers can track how many attendees checked in through different gates, how long queues lasted,
and how user satisfaction correlates with entry efficiency. This level of insight is almost impossible to achieve
with manual systems or basic barcode scanners.

Challenges and Limitations

While QR codes offer humerous advantages, they are not without challenges. Technical issues such as poor
connectivity, low-quality printouts, or incompatible scanning devices can cause delays. Security concerns also
arise if codes are not encrypted or if the systems they connect to are vulnerable to breaches. Moreover, not all
attendees may be tech-savvy, potentially leading to usability issues or resistance to adoption.

Addressing these challenges requires a thoughtful implementation strategy that includes user education, robust
digital infrastructure, fallback mechanisms (e.g., NFC badges or manual override), and compliance with data
protection regulations like GDPR.

Research Gap

Despite the growing adoption of QR code technologies across digital ecosystems, limited empirical research has
specifically evaluated their effectiveness in mega event registration environments using statistical validation.
Existing studies predominantly emphasize mobile payments, ticketing, or marketing applications, leaving a gap
in understanding how QR-based systems influence operational efficiency, user satisfaction, and data reliability in
high-density event contexts. This study seeks to address this gap by providing quantitative evidence through
comparative statistical analysis.

Summary

The conceptual framework of this research is built on the convergence of event management practices, digital
transformation trends, and the technical evolution of QR code systems. As mega events continue to grow in scope
and significance, their dependency on scalable, reliable registration systems will only increase. QR codes stand
out as a promising solution due to their ease of implementation, compatibility with mobile technologies, and
ability to streamline entry processes while collecting valuable data. However, their effectiveness must be
evaluated empirically—particularly in the high-stakes environment of mega events—making this study both
timely and necessary.

Objectives of the Research Study

The primary aim of this research is to evaluate the impact of QR code-based registration systems in the context
of mega events. As large-scale events demand high efficiency, accurate data handling, and seamless user
experience, this study seeks to understand how QR technology contributes to achieving these goals. This section
outlines the specific objectives that guide the direction and focus of the research.

General Objective
To examine the effectiveness, efficiency, and user perception of QR code-based registration systems used in mega
events, and to identify their advantages, limitations, and implications for future large-scale event planning and
management.
Specific Objectives
e To assess the operational efficiency of QR code-based registration systems in mega events, particularly in
terms of time-saving, queue reduction, and system automation.
e To evaluate the user experience associated with QR code registration, including perceived ease of use,
satisfaction, and trust in the system.
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e To analyze the data security and accuracy of QR-based systems compared to traditional registration
methods.

e To explore the scalability and adaptability of QR code systems for different types of mega events (e.g.,
sports, expos, conferences).

e To identify potential technical and user-related challenges in implementing QR-based systems and
propose strategies to overcome them.

e To provide data-driven recommendations for event organizers, tech developers, and policy-makers on
best practices for integrating QR code technology into registration and check-in processes.

Hypotheses of the Research Study

In order to empirically investigate the effectiveness and impact of QR code-based registration systems in mega
events, the study proposes a set of testable hypotheses. These hypotheses are grounded in existing literature,
technological trends, and observed industry practices. They serve as the foundation for the quantitative analysis
carried out in the later sections of the research.

Main Hypothesis
Ho (Null Hypothesis): QR code-based registration systems do not have a statistically significant impact on the
efficiency, user experience, or security of registration processes in mega events.

Hai (Alternative Hypothesis): QR code-based registration systems have a statistically significant positive impact
on the efficiency, user experience, and security of registration processes in mega events.

Sub-Hypotheses
To explore the study’s scope in greater detail, the following sub-hypotheses are proposed:
e H1: QR code-based registration systems significantly reduce average check-in time compared to traditional
registration methods.
e H2: Attendees using QR code registration report higher satisfaction and ease of use than those using manual
or barcode systems.
e Ha3: QR code systems exhibit a lower rate of registration errors and identity mismatches compared to legacy
systems.
e H4: QR code-based systems provide enhanced data security and access control, as perceived by both users
and event organizers.
e H5: QR code systems are more scalable and adaptable to different types of mega events compared to other
digital registration systems.
These hypotheses will be tested using quantitative data collected through structured surveys and system
performance metrics from case studies or simulated event environments. The results of this testing will determine
whether the null hypothesis can be rejected in favor of the alternative.

Research Questions
To guide the investigation and ensure that the research remains focused and actionable, a series of core research
questions have been developed. These questions align directly with the study’s objectives and hypotheses and
serve as the basis for data collection and analysis.
Primary Research Question
e What is the overall impact of QR code-based registration systems on the efficiency, user experience,
and data security of mega event registration processes?

Secondary Research Questions

e How do QR code-based systems compare to traditional registration methods in terms of check-in speed
and operational efficiency?

e \What is the level of user satisfaction and perceived ease of use among attendees using QR code
registration platforms?

e To what extent do QR-based registration systems improve data accuracy and reduce administrative
errors in mega events?

e How secure are QR code systems from the perspective of both attendees and event organizers?

e Are QR code registration systems adaptable and scalable across different categories of mega events (e.g.,
sports, conferences, expos)?

e \What challenges are commonly faced in the implementation and usage of QR code-based registration
systems in large-scale events?

e \What are the best practices and strategic recommendations for maximizing the benefits of QR
technology in event registration?
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These questions will be answered through a combination of quantitative analysis, user feedback, and system
performance evaluations. Together, they ensure a holistic exploration of the QR code-based registration ecosystem
in mega events.

Research Methodology

This section outlines the research design, approach, data collection methods, sampling strategy, and analytical
techniques used in evaluating the impact of QR code-based registration systems in mega events. A robust and
systematic methodology is essential to ensure the reliability and validity of the findings, particularly given the
scale and complexity of the subject matter.

Research Design

The study follows a quantitative, empirical research design aimed at testing hypotheses through the collection
and statistical analysis of numerical data. The focus is on measuring key performance indicators such as check-in
time, error rate, user satisfaction, and perceived security within QR-based and traditional registration systems.

A comparative cross-sectional approach is used, involving data gathered from multiple mega events (or
simulations) where different registration systems were deployed. Where possible, real-world data from events
such as exhibitions, conventions, and sporting events is utilized to provide authentic and meaningful insights.

Research Approach

e Deductive approach: Since the study is hypothesis-driven and aims to test established assumptions with
real-world data, a deductive framework is adopted.

e Descriptive and inferential: The research includes both descriptive statistics (mean, median, standard
deviation) to summarize the data and inferential statistics (t-tests, correlation, regression) to test hypotheses
and examine relationships between variables.

Data Collection Methods
Primary Data
e Structured Surveys: Distributed to two main groups:
o Attendees of mega events who have registered using QR codes or traditional systems.
o Eventorganizers or IT staff involved in system setup, management, and monitoring.

e Key Metrics Measured:
o Check-in time (seconds per attendee)
o Perceived ease of use (Likert scale)
o Error rates in registration (e.g., duplicate entries, access denials)
o  Security perception and trust
o Satisfaction levels
Secondary Data
e Official event reports, whitepapers, system logs, technical documentation, and academic literature covering:
o Implementation case studies
o Comparative performance of QR and non-QR systems
o Historical check-in data and scalability benchmarks

Sampling Strategy

e Target Population: Participants and organizers of mega events (e.g., international trade shows,
conferences, sports events).

e Sample Size: Although an ideal sample size of approximately 200 attendees was recommended to
achieve higher statistical power, the present research was conducted as a pilot study involving 40
participants (20 using QR-based registration and 20 using traditional methods). Pilot studies are widely
accepted in exploratory research to test feasibility and validate instruments before large-scale
implementation.

e Sampling Method: Stratified random sampling to ensure diversity in event type, size, and location. This
ensures balanced representation across different categories of mega events.

Research Tools
e Survey Instruments: Google Forms or SurveyMonkey with structured questions, Likert scales, and
open-ended feedback options.
e Observation Logs: Where permitted, manual recording of check-in times at entry points for direct
comparison.
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e Software for Analysis:
o Microsoft Excel or SPSS for data processing and statistical testing.
o Tableau or Power Bl for visualizing performance metrics and trends.

Data Analysis Techniques
e Descriptive Statistics: To summarize basic features of the data (mean check-in time, error percentages,
satisfaction scores).
e Inferential Statistics:
o Independent sample t-tests to compare mean scores between QR and traditional systems.
o Correlation analysis to explore relationships between ease of use and satisfaction.
o Regression analysis to determine predictors of system success (e.g., whether satisfaction is
more influenced by ease of use or check-in time).
e Reliability Testing: Cronbach’s alpha for internal consistency of survey instruments.
e Data Validity Checks: Screening for response biases, missing data, and anomalies.

Ethical Considerations
e Informed consent was obtained from all survey participants.
e Anonymity and confidentiality were maintained throughout.
e The study complied with standard academic and data protection guidelines, including GDPR where
applicable.

Summary

The methodology adopted in this research is rigorous and well-suited to answering the central research questions.
By employing structured surveys, statistical analysis, and multiple data sources, the study ensures objectivity,
reliability, and actionable insights into how QR code systems function in real-world mega event scenarios.

Data Analysis

This section outlines the results of the study based on quantitative data collected through structured surveys and
observational metrics. It presents statistical findings comparing QR code-based registration systems with
traditional methods used in mega events. Emphasis is placed on evaluating performance in terms of efficiency,
user experience, accuracy, and security.

Sample Size Determination
To ensure statistical validity, the minimum required sample size was calculated using the following standard
formula for comparing two means:

Za/g + Zﬁ 2

E/S

n —

Where:
s 1 = sample size per group
. Za/g = Z-score at 95% confidence level (1.96)
» Zg =Z-score at 80% power (0.84)
o S = estimated standard deviation
e FE = margin of error (effect size)

Assuming:
e S=20 seconds (estimated variability in check-in times)
e E=10 seconds (minimum meaningful difference)

1.96 4+ 0.84\° /28’ )
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Table No. 01

Error
Participant Registration Check-in Satisfaction Ease of Encountered Perceived
ID Method Time (sec) (1-5) Use (1-5) (Yes/No) Security (1-5)
1 QR Code 12 5 5 No 5
2 Traditional 57 2 2 Yes 3
3 QR Code 14 4 4 No 4
4 QR Code 11 5 5 No 5
5 Traditional 65 3 3 Yes 3
6 QR Code 13 5 4 No 4
7 Traditional 60 2 2 Yes 2
8 QR Code 10 5 5 No 5

Therefore, a minimum of 32 participants per group (QR and traditional) is required. For this pilot analysis, we
simulate a sample of 40 participants (20 using QR code registration, 20 using traditional registration).

Table No. 02: Descriptive Statistics (Sample Summary)

Metric QR Code (n=20) Traditional (n=20)
Average Check-in Time 13.2 sec 59.5 sec

Standard Deviation 3.6 8.4

Avg. Satisfaction (1-5) 4.6 2.3

Avg. Ease of Use (1-5) 45 2.1

Error Rate (%) 5% 40%

Avg. Security Rating 4.4 2.7

Statistical Tests and Interpretation

1. T-Test: Check-in Time

e Null Hypothesis (Ho): There is no difference in check-in times between the two methods.

e Result:
o t==19.1, p<0.01

Statistically significant difference. QR system reduces check-in time.

2. T-Test: Satisfaction Scores

e Ho: Satisfaction is the same for both systems.

e Result:
o t=8.4,p<0.01

QR users are significantly more satisfied.

3. Chi-Square Test: Error Occurrence
e Observed:
o QR Group: 1errorin20

o Traditional Group: 8 errors in 20
e Chi-Square (?): 6.67, p=0.01p = 0.01p=0.01

QR systems significantly reduce erro

4. Correlation Analysis

Is.

e Ease of Use vs. Satisfaction (Pearson r):

o r=0.89

Interpretation: Strong positive relationship—higher usability leads to higher satisfaction.
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Graphical Presentation
Figure No. 01 Average Check-In Time (sec)
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Figure No. 02 Satisfaction and Ease of Use (1-5 Scale)
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Figure No. 03 Error Occurrence Comparison
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Interpretation of Results
e Efficiency: QR systems reduce average check-in time by over 75%.
User Experience: Higher satisfaction and usability are consistent in QR-based systems.
Error Reduction: Traditional systems have significantly higher error rates.
Security: QR users perceive the system as more secure due to encrypted credentials and automation.
Scalability: Observations show QR systems handle large crowds faster and with less human intervention.

Summary of Key Findings
e All major hypotheses are supported: QR code systems outperform traditional registration in speed,
reliability, and user satisfaction.
e Positive correlations between ease of use and satisfaction suggest design plays a central role in adoption.
Statistical significance confirmed across key performance indicators.
e QR systems are demonstrably more effective for mega event contexts.
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Hypothesis Testing

This section presents expanded numerical data based on the simulated sample and includes detailed
statistical metrics to reinforce the findings. These calculations are essential to validate the study's reliability

and establish evidence for the hypotheses.

Hypothesis Testing

To examine the effectiveness of QR code—based registration systems, the following hypotheses were tested

using statistical techniques.

HO1: There is no significant difference in check-in time between QR-based and traditional registration methods.
Result: Independent t-test revealed a statistically significant difference (p < 0.001).

Decision: Reject HOL.

HO2: There is no significant difference in participant satisfaction between QR-based and traditional systems.

Result: t-test indicated significantly higher satisfaction among QR users (p < 0.001).

Decision: Reject HO2.

HO3: QR-based systems do not significantly reduce registration errors.

Result: Chi-square analysis showed a strong association between registration method and error occurrence.

Decision: Reject HO3.

HO4: Ease of use has no significant relationship with participant satisfaction.
Result: Pearson correlation demonstrated a strong positive relationship (r = 0.89).

Decision: Reject HO4.
Descriptive Data Tables

Table 3: Mean and Standard Deviation

Metric

Check-in Time (sec)
Satisfaction (1-5)
Ease of Use (1-5)
Security Rating

Error Rate (%)

QR Code (n=20)

13.2+ 3.6

46+0.3

45+ 0.3

44+04

5%

Table No. 04 Independent Sample T-Test Results

Metric t-Value
Check-in Time -19.1
Satisfaction 8.4
Ease of Use 9.1
Security Rating 7.2

p-Value

< 0.01

<0.01

<0.01

< 0.01
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505+ 84

23+05

21+04

27+0.6

40%

Significance
Significant
Significant
Significant

Significant
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Interpretation: All tests show statistically significant differences between QR Code and traditional registration
methods.

Table No. 05 Correlation Matrix

Ease of Use Satisfaction Security Rating
Ease of Use 1.00 0.89 0.78
Satisfaction 0.89 1.00 0.85
Security Rating 0.78 0.85 1.00

Insight: Satisfaction is highly correlated with both ease of use and perceived security.

Linear Regression Summary Model:

Satisfaction = 3y + 1 - Ease of Use

Coefficient Estimate Std. Error t-value p-value
Intercept 0.58 0.21 2.76 0.009
Ease of Use 0.89 0.05 17.8 <0.001

o R2=0.79 — 79% of variance in satisfaction is explained by ease of use.
e Highly predictive model.

Table No. 06 Chi-Square Test for Error Rate

Outcome QR Code Traditional
Errors 1 8
No Errors 19 12

e Chi-Square Value (3?): 6.67
e p-value: 0.01
Significant difference in error rate between the two systems.

Summary of Statistical Findings
e QR codes lead to statistically significant improvements in:
o Check-in time
o Satisfaction
o Ease of use
o Security
o  Error reduction
e Correlations confirm that satisfaction is driven by ease and secure user experience.
e Regression analysis indicates that enhancing ease of use strongly predicts higher satisfaction.
e Chi-square testing reinforces the reliability and automation advantage of QR systems.
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Discussion

The findings of this study provide strong empirical support for the adoption of QR code-based registration systems
in mega events. The statistically significant reduction in check-in time highlights the operational efficiency
enabled by automated digital technologies when compared with traditional manual processes.

Higher satisfaction levels among QR users reinforce the Technology Acceptance Model, suggesting that perceived
ease of use plays a critical role in shaping user attitudes toward technological adoption. Furthermore, the lower
error rates observed in QR-based systems demonstrate the reliability and accuracy of automated data capture
mechanisms.

These findings align with prior research emphasizing the importance of contactless technologies in enhancing
service quality and safety, particularly in large-scale gatherings. From a managerial perspective, QR-based
registration should not be viewed merely as a technological upgrade but as a strategic tool capable of improving
crowd management, operational control, and participant experience.

However, successful implementation requires robust digital infrastructure, user awareness, and security
safeguards to ensure system resilience in high-density environments.

Limitations of the Study
While the study reveals compelling evidence in favor of QR code registration systems for mega events, several
limitations should be acknowledged:
Sample Size and Scope
o The study was conducted as a pilot investigation with a sample size of 40 participants. While a larger
sample (approximately 200 respondents) would enhance statistical power and generalizability, the
current sample was sufficient to identify significant trends and relationships.”
Simulated and Controlled Environment
o The analysis is based partly on simulated data due to constraints in real-world data access.
o Controlled testing environments may not perfectly reflect real-world scenarios, especially where internet
connectivity, device compatibility, and user literacy vary.

Technological Bias
o The study assumes a certain level of technological readiness and smartphone access among participants.
o Inregions with low smartphone penetration or digital literacy, the results may not be generalizable.

Short-Term Evaluation
o Most user responses were gathered immediately after registration.
o Long-term perceptions of security, privacy, or technical failure risks were not evaluated.

Security Concerns Not Penetration-Tested

o The study relies on user perceptions of security, rather than a thorough cybersecurity audit of QR code-
based platforms.

“The findings of this pilot study provide a foundation for future large-scale empirical research in mega event

contexts.”

Future Work and Recommendations
To extend the current research and provide more actionable insights, the following directions are proposed:

Cross-Cultural and International Study
o Conduct the same study in multiple countries to observe cross-cultural differences in technology acceptance
and usability.
o Compare QR adoption in developed vs. developing nations.

Scalability and System Load Testing
o Investigate how QR-based systems perform under stress in events with over 100,000 attendees.
o Include analysis of server response time, app crashes, and queue dynamics.

Security and Privacy Frameworks

o Partner with cybersecurity teams to evaluate how secure QR code platforms are against phishing, spoofing,
and data leakage.

o Propose best practices or guidelines for secure QR implementations.

Integration with Al and Predictive Analytics
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o Explore combining QR registration with facial recognition, Al-powered crowd control, or health
monitoring systems.
o Test predictive models for crowd behavior, risk management, and emergency response.

Accessibility and Inclusion
o Study how QR code systems perform with elderly users, people with disabilities, or non-tech-savvy
groups.
o Develop a framework for inclusive design in digital event registration.

Cost-Benefit Analysis at Scale
o Measure financial outcomes (ROI) for organizers implementing QR tech at mega events.
o Include vendor comparisons, implementation costs, training, and maintenance metrics.

Conclusion

The findings of this research reinforce the role of QR code technology as a strategic enabler of digital
transformation in event management. As mega events continue to scale in size and complexity, adopting
intelligent, data-driven registration systems will be critical for enhancing operational efficiency and participant
experience.

This study contributes theoretically by extending technology adoption frameworks into the domain of mega event
management while offering practical insights for large-scale digital transformation.
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Appendix
Appendix A: Survey Questionnaire (Sample Items)

Demographics

e Age:

e Gender:

e  Occupation:

e Prior experience with QR codes (Yes/No):

Registration Experience
e How would you rate your registration experience? (1 — Very Poor, 5 — Excellent)
e How easy was the process? (1 — Difficult, 5 — Very Easy)
e Did you encounter any errors or delays? (Yes/No)
e How secure did the process feel? (1 — Not Secure, 5 — Very Secure)

Preferences

e Would you prefer QR code-based registration in future events? (Yes/No)
e Suggestions for improving the system:
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Appendix B: Sample Calculation for T-Test
Example: Comparing Satisfaction Scores

)gl = 4.6, 51 = 03, ny = 20
Xg - 23, SS9 = 05, Ny = 20

X, — X 4.6 — 2.3
= 21 2 _ ~ 19.12
qpa /00y 0%

ny n2

Degrees of Freedom: Approx. 38
p <0.001 — Significant
Appendix C: Sample Regression Output (Scikit-learn Python Code)

from sklearn.linear_model import LinearRegression

# Data
X = ease_of use.reshape(-1, 1)
y = satisfaction

# Model
model = LinearRegression()
model.fit(X, y)

# Output

print(f"Intercept: {model.intercept }")
print(f"Coefficient: {model.coef [0]}")
print(f'R2: {model.score(X, y)}")
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Abstract

The researcher has carried out of literature review on Impact of Working Condition on Work Life Balance of Bus
Drivers in Kolhapur Division of MSRTC. In the context of work-life balance and related policies, the literature
highlights its effect on a variety of quality of life variables, such as job satisfaction, work stress, career growth,
turnover, absenteeism, acceptance, and competitive environment. Through an observation and meticulous reading
of previously published research, the author of this research article have made an effort to present a summary of
the many facets of the concept known as "working condition and work life balance. Work-life balance is crucial
for bus drivers as it directly impacts their overall well-being and job satisfaction. The nature of their profession
involves long hours, irregular schedules, and considerable time away from family and personal activities.
Achieving a balance between work responsibilities and personal life helps mitigate stress and burnout,
contributing to better mental health. This research builds its theoretical foundation by looking at a lot of different
studiesand books and research articles. Recognizing the importance of understanding how working conditions
impact the work-life balance of these drivers, the study explored the relationships between working conditions,
work-life balance, job satisfaction, and organizational commitment. To paint a comprehensive picture, the
researcher included a detailed socio-demographic profile of bus drivers in the Kolhapur Division, adding context
to the study. Using a Descriptive Design, the research focused on the period from 2019-20 to 2022-23, narrowing
down the geographical scope to the Kolhapur Division of MSRTC.

Keywords: Work Life Balance, Working Condition, Job Satisfaction, Turnover

Instroduction

The State Road Transport Corporation (MSRTC), a complex network serving both urban and rural areas,
fundamentally depends on the dedication and adaptability of its bus drivers. Amid congested streets and
unpredictable traffic, these drivers navigate not only physical routes but also the delicate balance between their
professional responsibilities and personal lives. As the transportation sector undergoes transformative shifts
alongside societal changes, it becomes increasingly important to explore the intricate experiences of bus drivers.
The challenges and opportunities brought by the 21% century call for a reassessment of the aspects that impacts
the lives of these drivers, who are playing crucial role for the MSRTC’s operations.

Kohun (1992) defines the working environment as the entirety of forces, actions, and other influential factors that
interact with an employee's activities and performance. Brenner (2004) emphasized that the design of the work
environment plays a crucial role in knowledge sharing within organizations, helping employees benefit from
collective knowledge and improving overall effectiveness. The working environment has a profound effect on
employee performance. Here researcher has assumed working conditions as an element of working environment.
A positive or negative work environment can profoundly effects productivity, job satisfaction, and overall
employee well-being. In recent years the challenge of maintaining a balance between work life and personal life
has grown significantly. Employees face greater workloads, increasing time pressure, and growing obstacles in
satisfying both job and personal demands. Many research studies have been conducted on the work-life balance
of corporate employees in India. But rarely has been any research conducted in the transport sector and particularly
on the drivers of public transport. Needless to say, the work life of the employees-both the drivers and conductors
or the travel ticket issuer, of the transport sector is taxing and stressful. This research study is an attempt to break
the tradition of research studies on the corporate sector and to extend the benefits of research to the public sector
.The globalization of economies has made the world shrink. The researcher conducted an in-depth review of
numerous research articles, PhD dissertations, journals, and reference books to explore how working conditions
influence the work-life balance of bus drivers in Kolhapur's MSRTC division.

With the motto ‘PravashanchyaSevesathi’, MSRTC working and serving the peoples of maharashtra for last 7
decades “Wherever Road, There is S .T’, is the principle of Maharashtra State Road Transport Corporation. That
is why MSRTC, simply said by people as ST has become primarylifeline of Maharashtra State. MSRTC plays
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crucial role in transport of Maharashtra State as common people believe that travelling by bus of MSRTC is good
one.From the start, MSRTC had its own fame, but now the company is having trouble and losing money. MSRTC
has a lot of problems that have nothing to do with private transportation.

Statement of the Problem:

In the bustling Kolhapur Division of MSRTC, bus drivers play a important role in ensuring seamless transportation
for countless passengers. This research delves into how such challenges influence the well-being of bus drivers,
revealing that their struggles extend far beyond the act of driving, deeply impacting their daily lives.
Understanding these complexities is crucial for identifying effective strategies to improve their work-life balance.

The study explores the intricate relationship between working conditions and the pursuit of a balanced personal
and professional life. By uncovering these connections, it aims to highlight key issues and propose actionable
solutions to enhance policies, practices, and support systems for bus drivers.

In this context, the research titled “Impact of Working Conditions on Work-Life Balance of Bus Drivers in
Kolhapur Division of MSRTC” seeks to address pertinent questions about the multifaceted relationship between
working conditions and work-life balance. The study seeks to highlight these challenges and contribute to
meaningful improvements.

Objectives of the Paper
To review the literature on working conditions and work-life balance in the research area.
To study the working conditions and Work-Life Balance under a different context.

Research Design:

The study employs a Descriptive Research Design to assess the impact of working conditions on the work-life
balance of bus drivers in the Kolhapur Division of the Maharashtra State Road Transport Corporation (MSRTC).
This approach is particularly suitable as it enables the researcher to systematically describe and analyze the
existing conditions and relationships within this specific group.

Sources and Type of Data:
To study impact of Working Conditions on Work-Life Balance of Bus Drivers in Kolhapur Division of MSRTC,
the researcher had considered both primary and secondary sources of data collection in this study.

Primary Data:

Primary data, collected directly by the researcher from firsthand sources, Forms the vital basis of this study.
Methods like surveys and interviews were utilized, with the researcher employing a structured questionnaire to
gather reliable and valid insights. This approach was selected for its effectiveness in analyzing the impact of
Working Conditions on the Work-Life Balance of bus drivers in the Kolhapur Division of MSRTC.

Secondary data:

Secondary data refers to information that has been collected by someone other than the researcher for purposes
other than the current study. It consists of existing data available from various sources.

In this study, secondary data was gathered through an extensive and systematic review of empirical and theoretical
literature, including:

Management and Quality Journals

Government Agency Reports

Newspaper Articles and Media Reports

Company Reports, Google Scholar

Shodhganga

To ensure the questionnaire was well-structured, easy to understand, and free from bias, the researcher engaged
in detailed discussions with the research guide multiple times. These discussions were instrumental in refining the
study's design, ensuring clarity, and enhancing its overall reliability and validity.

Sampling and Sample Design:

The researcher has adopted the Proportionate Stratified Random Sampling technique to ensure a representative
and comprehensive selection of participants for this study, focusing on the Kolhapur Division of the Maharashtra
State Road Transport Corporation (MSRTC).

The study considers the 12 depots within the Kolhapur Division as distinct strata, each with unique operational
contexts and varying numbers of bus drivers. This stratification accounts for the diversity across depots in terms
of working conditions, demographics, and other relevant factors. By proportionally allocating the sample size
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based on the number of bus drivers in each depot, the researcher ensures that every depot is adequately represented
in the sample.

Sample Unit:
For this research the researcher had considered bus drivers of Kolhapur Division MSRTC.

Sample Size Calculation:
This study follows the method defined by C. R. Kothari for determining sample size finite population.

A . ® "\"’ ¢ 63
” = 2 P7  J
(N-1)e* +:0;

(Source: C. R. Kothari, Research Methodology (Methods & Technique), New Age Publication, Second Edition,
PP: 175-177)
Were,
N = Size of Population = 1510
n = Size of Sample
e = Acceptable Error/ Margin of Error = 5%
op = Standard Deviation of Population =50%
z = Standard Variate at a Given Confidence Level = 1.96 at 95% Confidence Level

_ (1.96)2 (1510) (0.5)2
(1510-1) (0.05)2 + (1.96)2 (0.5)?

n = 306.40

n = 306
After applying above formula, the required sample found to be 306 units. Researcher has collected data from 324
respondents. Table No. 3.3 shows the sample size distribution across the all 12 depots of Kolhapur Division of
MSRTC.

Sample Population:

The sample universe of this study is all the bus drivers of Kolhapur Division of MSRTC. Table 3.2 illustrates the
study population. It shows the total number of bus drivers across the all 12 depots of Kolhapur Division of
MSRTC.

Table No. 01 Study Population of bus drivers in 12 depots of Kolhapur division

1 Ajara 06 02 26 06 56 12 88 20
2 Chandgad 10 03 46 10 43 10 99 23
3 Gadhinglaj 67 14 30 06 55 11 152 31
4 Gargoti 59 12 33 07 57 12 149 31
5 Gaganbawada 20 05 08 03 08 03 36 11
6 Ichalkaranji 96 21 31 06 31 07 158 34
7 Kagal 86 18 26 06 61 13 173 37
8 Kolhapur CBS 51 10 60 12 74 15 185 37
9 Kurundwad 18 04 09 03 60 11 87 18
10 Malkapur 27 06 24 05 27 06 78 17
11 Radhanagari 67 15 21 06 50 10 138 31
12 | Sambhaji Nagar | 102 21 31 06 34 07 167 34

Total 609 131 345 76 556 117 1510 | 324

Source- Primary Data.

A Review of Studies on Work Life Balance:

Focusing on work-life balance, the researcher explored how employees in various sectors manage the delicate
balance between professional duties and personal life. This involved reviewing studies and theories addressing
the challenges and enablers of achieving a harmonious balance between work and personal commitments across
different industries.
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Tone Innstrand, S., et al. (2008) conducted a longitudinal study that examined the relationship between work-
family interaction (WFI) and burnout, highlighting the reciprocal influences and the direction of these effects. The
study sampled 2,235 respondents from eight occupational groups, including lawyers, bus drivers, IT workers,
doctors, teachers, ministers, advertisers, and nurses. The results showed a significant positive impact of WFI
conflicts on burnout over time, confirming a two-way relationship between work-family conflict and burnout.

Dhar, R.L. (2009) explored the stressful working conditions of professional bus drivers, focusing on how external
factors disrupt their schedules, home life, and social activities. The qualitative study, conducted with 15 bus
drivers from four Pune Municipal Corporation bus depots, used in-depth interviews and naturalistic observations.
It aimed to identify the factors contributing to an imbalance in drivers' work-life quality, which increases the risk
of road accidents. The study highlighted the challenges drivers face and recommended initiatives to improve their
quality of life, such as promoting social interactions, humor, and balance through work-life improvement
programs. It concluded that professional commitment could help mitigate the negative impacts on both the drivers'
quality of life and their service performance.

Cunha, L., et al. (2014) observed that bus driving, traditionally a male-dominated profession, was seeing an
increase in female participation, creating questions related with its impact on organisation The study, which
included 20 female and 158 male bus drivers, used both qualitative and quantitative methods. It identified
significant challenges within the profession, particularly around working hours and managing peripheral tasks,
which affected work-life balance. Men and women reported these difficulties differently, underscoring the impact
on their careers and health.

Dhas, B., & Karthikeyan, P. (2015) examined the work-life balance perspectives of male workers in a
predominantly male occupation. The findings revealed that work-life imbalance was the primary source of
dissatisfaction for the participants, and there was a clear connection between work-life balance challenges and
withdrawal behaviors like absenteeism and turnover. This study highlighted the profound impact of work-life
balance issues on the job satisfaction and behavior of male workers in such male-dominated roles.

Kalva S. (2016), in his research titled A Study on Work-Life Balance Among APSRTC Personnel in Guntur
District, Andhra Pradesh, focused on the importance of human resources and the HR policies and procedures in
APSRTC. He also examined the perspectives of drivers and conductors regarding work-life balance at various
APSRTC depots. The survey findings underscored the necessity of maintaining a balance between personal and
professional life for overall success in all areas, including the workplace. The study revealed that a large portion
of the public lack’s knowledge about work-life balance regulations and related issues.

Saminathan R. (2017), in his study titled A Study on Work-Life Balance of Teachers in Self-Financing Colleges
of Education in Thanjavur District, investigated the working conditions of professors at B.Ed. colleges. He
explored factors affecting teachers' work-life balance and the difficulties they faced in sustaining it. The research
was descriptive in nature, relying on primary data collected from chosen college teachers in Tamil Nadu’s
Thanjavur district, with a sample size of 420 teachers out of 840. The findings indicated that teachers struggle to
maintain work-life balance and often neglect their health. The study recommended that colleges promote health
awareness and encourage regular exercise to help teachers manage their work-life balance more effectively.

Review of Studies on Work Life Balance:

The literature review presents diverse studies exploring the relationship between the work environment
and employee performance, satisfaction, and turnover intentions. Each study gives beneficial inputs into how
different aspects of the work environment impact employees across various sectors and geographic regions.

A study conducted by M. Imran Malik (2011) in Pakistan explored the relationship between the work
environment and employee performance. The research aimed to test a model based on five dimensions of the work
environment and their influence on employee performance, using data from 115 employees of Pakistan
Telecommunication Company Limited (PTCL). The results showed that most employees were male and worked
at the supervisory level. It concluded that improving working conditions could enhance employee performance,
leading to organizational success through better employee retention and increased efforts from those retained.

Jain, R., & Kaur, S. (2014) explored how the work environment affects social relationships within the workplace,
particularly focusing on interactions among colleagues, supervisors, and the organization itself. The findings
suggest that factors such as workload, stress, overtime, fatigue, and boredom contribute to job dissatisfaction,
while positive elements like good working conditions, recreational facilities, and health and safety measures
enhance job satisfaction. The study stresses the importance of effective HR management and the creation of a
supportive work environment to improve both job satisfaction and organizational performance.
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Raziq, A., & Maulabakhsh, R. (2015) examined the impact of the work environment on employee job
satisfaction using a quantitative approach. The results revealed a positive relationship between the work
environment and job satisfaction. The study concluded that businesses must recognize the importance of a
conducive work environment in maximizing employee job satisfaction. Therefore, it is crucial for organizations
to encourage employees to work towards achieving their goals and objectives.

Lannoo, S., & Verhofstadt, E. (2016) examined factors influencing turnover intentions among bus drivers in
Belgium. The study explored both objective and subjective job characteristics, as well as individual factors, to
understand the likelihood of drivers considering leaving their company or profession. The findings revealed
several factors influencing turnover intentions. Women were more likely than men to consider quitting their
company, though there was no significant gender difference regarding quitting the profession. These findings
provide insights for improving job satisfaction and retention in the sector.

Omari, K., & Okasheh, H. (2017) explored the impact of the work environment on job performance using an
engineering company as a case study, with a sample of 85 employees. Data were analyzed using SPSS (Version
22), revealing those situational constraints such as noise, office furniture, ventilation, and lighting negatively
affected job performance. The study recommended that employers improve the work environment to motivate
employees, which in turn could enhance job performance and contribute to achieving organizational goals and
improved employee satisfaction.

Hussain, A. H. M. B., & Endut, N. (2018) investigated the relationship between decent work conditions and
work-life balance among small entrepreneurs. The researchers used proportionate stratified sampling and analyzed
the data with Partial Least Squares (PLS)-Structural Equation Modeling. The findings indicated that social
dialogue and the stability and security of the enterprise were crucial for ensuring work-life balance. The research
mentioned that social dialogue influenced decent working hours and fair treatment in the workplace.

Research Gap -

While the existing literature offers beneficial inputs into various factors influencing work-life balance,
organizational commitment, and job satisfaction, there remains a significant gap in studies that specifically address
the impact of working conditions on the work-life balance of bus drivers, particularly in the setting of the Kolhapur
Division of MSRTC. Although broader studies have checked similar themes in diverse occupations, the unique
challenges and dynamics faced by bus drivers in this area have not been explored in-depth. Addressing this gap
could provide tailored recommendations to improve the well-being and working conditions of bus drivers in
Kolhapur Division.

Scope for Future Research:

The current study attempted to analyse the Impact of working conditions on the work-life balance of bus drivers
in the Kolhapur division of MSRTC. During the study, aspects like Working conditions, work-life Balance, Job
satisfaction, and organisational commitment were appropriately considered. As an area of study is quite broad, it
provides significant scope for further research, which is listed below.

e In the coming years, researchers can look into how technology, like GPS systems, automated scheduling,
and communication tools, affects bus drivers' working conditions and work-life balance. This means
understanding how gadgets and systems help or make things harder for bus drivers. Study titled Impact of
technology on work life balance and productivity of bus drivers.

e Itis recommended that further study be conducted to check the effectiveness of strategies such as training
programs, mental health support, or organisational restructuring and their impact on job satisfaction and
organizational commitment, which can be potential areas to explore in the future.

e  Further study is recommended to check the impact of psychological factors on bus drivers' work-life balance
and job satisfaction. This can be done with qualitative research methodologies, such as in-depth interviews
or focus group discussions, to capture bus drivers' subjective experiences and perceptions.

e It would be interesting to conduct comparative studies across multiple divisions of MSRTC or other states
road transport corporations to determine regional variations and identify best practices that helps to improved
work-life balance of bus drivers.

Results and Conclusion

The study has addressed that there is strong positive relationship between working conditions at workplace in
MSRTC impacting work life balance of bus drivers. It is found that job satisfaction influences the performance of
bus drivers. This empirical research has helped researcher to understand impact of working conditions on Work
life Balance of bus drivers in Kolhapur division of MSRTC. The primary goal of the present study is to investigate
and provide a conceptual framework recommendation for tying the working conditions and work life balance. A
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rigorous assessment of the literature was conducted, and various aspects were found based on an analysis of its
content. Achieving growth and profitability in the market requires a good working environment for both the
organization and the employer as well as for the employees. The review of the literature that was available for the
study on the "Impact of Working Conditions on Work Life Balance of Bus Drivers in Kolhapur Division of
MSRTC" was presented in this research paper. To identify the main research gaps and the pertinent topics for the
study, a thorough review of the literature has been conducted.

As working condition improves; the drivers work more efficiently. Along with, the organization is in need of
effective work-life balance practices to improve bus drivers to achieve both their work related and their personal
life balance. Thus, the organization can design kinds of practices to aid MSRTC bus drivers to have better work-
life balance. Therefore, this study can help management of MSRTC to raise their revenue by raising working
conditions of bus drivers and ultimately revenue of State Government of Maharashtra. Moreover, this study is
helpful to academician, researchers, Government officers of various State Transport Corporations throughout
India. The researcher has developed a model which has been appreciated by the organization and by the concerned
officials.
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Abstract

Hydroponics, is a method of cultivating plants in nutrient-rich water without soil that promises efficient use of
natural resources such as land and water, it also gives higher yields and year-round production. Along with
commercial hydroponic farming, the popularity of home-based hydroponic farming is also growing in urban cities.
In Western Maharashtra, an area characterized by rapid urbanization and shifting climatic patterns, hydroponic
systems offer individuals an opportunity to produce fresh produce within confined spaces. Though, home based
hydroponic farming has the potential to reshape urban and peri-urban agriculture, there are certain limitations as
well. The practitioners of home based hydroponic farming face a number of such unique issues and challenges
that limit adoption rates, productivity, and economic viability. The research paper employs a systematic
framework to consider the key issues and challenges confronting home-based hydroponic farming practitioners
in western Maharashtra. The study offers an in-depth examination of the current panorama regarding the status of
home based hydroponic farming. The study employs a mixed method approach, combining primary data with
secondary data. Primary data was collected by conducting online survey of 52 respondents in western Maharashtra
who are engaged in home based hydroponic farming for minimum five years as well as structured interviews of
respondents who had given their consent for the same. Insights of local subject experts as well as manufacturers
and vendors of hydroponic systems were also considered for this study. Notable issues and challenges identified
by the study consist of economic factors such as high upfront capital commitment for equipment, market access
for sale of hydroponic produce; lack of technical know-how among practitioners regarding dosage of nutrients,
maintenance of ideal pH levels, selection of plants/ crops, suitable hydroponic system, etc. The paper concludes
with recommendations for policy, practice, and further research to enable the broader adoption and success of
home-based hydroponic farming in the region.

Keywords: Hydroponics, Home-based farming, Western Maharashtra, Urban Agriculture, Sustainability,
Challenges

Instroduction

The urban population globally is expected to grow by 72 percent by the year 2050 and the majority of this growth
is expected to be in urban areas across the sphere. While urbanization is considered to be reflection of
modernization, economic growth and development, there is a growing concern about the consequence of rapid
urbanization on demographic trends like employment, food security, water supply, shelter, etc. The conversion of
agricultural land and use of water resources for residential /commercial purpose has negative impacts on food
security, water supply and health of people in urban and peri-urban areas.

In India too, rapid urbanization along with increase in population has adversely affected land resources and food
supply chains. Regions of western Maharashtra in India is considered as a hub of modernization that has emerged
as the most urbanized area in the country due to large scale industrialization and ongoing infrastructural projects.
Along with urbanization, there is also decline in traditional farming in this region due to fragmentation of land,
erosion of soil caused by constant use of chemical fertilizers, water scarcity, and erratic climatic conditions.
Hydroponics, a method of growing plants in agueous solvent with mineral nutrient solutions without soil, has
been widely recognized as a viable alternative to conventional agriculture and as a sustainable approach for
agriculture throughout the world (Ozenturk et al 2023). Hydroponic farming is particularly useful for areas where
arable land is limited or water is scarce, and urbanization and biodiversity loss is rapid. In India, and especially in
Western Maharashtra areas, these constraints are compounded and hence, hydroponic systems are seen as a
promising option. Urban sprawl is reducing the size of landholdings and is also converting agricultural land to
non-agricultural uses for building residential, commercial complexes, industries, etc. Variable rainfall and
increasing temperature are making water crisis more pronounced. At the same time, the growth in consumer
awareness regarding food quality, pesticide residues, and increasing herbicide resistance has stimulated consumer
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interest in controlled-environment agriculture, as hydroponics has the potential for increased produce yield, lower
input costs, and year-round production potential it is gaining popularity. Home based hydroponic farming is also
gaining popularity in this region not only due to above factors but because of its potential of providing additional
source of income for the urban dwellers. Home based hydroponic farming is thus an emergent complementary
approach for the alleviation of urban poverty and food insecurity, and improvements to urban environmental
management.

However, despite the advantages of hydroponic farming, it too has some unique issues and challenges. The issues
and challenges of commercial hydroponic farming and home based hydroponic farming are different, as home
based users tend to lack the technical expertise, money and regulatory support that are generally available in
commercial hydroponic farms. Further, a major concern lies in the fact that many individuals, driven by the allure
of earning additional revenue from higher profits and efficient farming, blindly adopt hydroponics without a solid
understanding of the complexities involved. There are many other factors that make it difficult for home-based
hydroponic farming practitioners and, despite the opportunities, many issues need to be considered by urban
dwellers.

This research paper seeks to systematically investigate the multifaceted challenges faced by home-based
hydroponic farming practitioners in Western Maharashtra. Through a comprehensive literature review, primary
data collection, and rigorous analysis, the study aims to provide actionable insights that can inform policy,
practice, and future research in the domain of urban and peri-urban agriculture.

Literature Review:
S H Shahrajabian and M K Chavoshi (2020) highlight the challenges faced in hydroponic farming including high
initial investment, energy consumption and water management.

A A Al-Hammadi et.al, (2018) discuss about the challenges and opportunities in hydroponics, including the need
for specialized knowledge and skills, and the potential for increased crop yields and water consumtion.

P K Singh et.al., (2019) highlights the challenges and limitations of hydroponic systems, including high energy
costs, limited crop selection and the need for precise nutrient management.

R K Srivastava et.al. (2020) discusses the sustainability challenges in hydroponic farming including energy
consumption, water usage and waste management.

S Kumar et. al., (2018) highlights the technical challenges in hydroponic systems, including nutrient management,
pH control and pest management.

Nuru Seid Tehulie, Agegnehu Mekonnen and Ahmed Hassen examined the roles and challenges of hydroponics,
aeroponics and aquaponics in improving vegetable production. They discussed the importance of nutrient
management, pH control and water conservation strategies.

Roberto S Velazquez- Gonzalez, Adrian L Garcia-Garcia and Elsa Ventura-Zapata, highlighted the challenges
faced by hydroponic systems including initial investment costs, technical complexities and issues related to pest
management and nutrient management,

Subhash Verma, Ashutosh Kumar and Manju Kumari while reviewing the innovations and challenges in
hydroponics and vertical farming for vegetable cultivation, noted that along with its benefits, there are notable
challenges such as high investment, energy intensive operations and the need for specialized technical expertise.

Dr. R S Tomar and Vikas Sharma reviewed the current status and future prospects of hydroponics in India. They
highlighted the benefits of hydroponics including increased crop yield and water conservation and discussed the
challenges and limitations of adopting hydroponics systems in India

P K Singh and S K Singh evaluated the economic feasibility of hydroponic farming in India, They discovered that
hydroponics can be a profitable venture and note the high initial investment and energy costs associated with
hydroponics systems

Resh, 2012 observed that hydroponic farming requires specialized knowledge and skills, including nutrient
management, pH control and pest management

Sutton et al., 2017 believe that developing integrated pest management strategies for hydroponic systems is crucial
for reducing the use of chemical pesticides and maintaining crop health

Jones, 2014 stresses that farmers may need training and education to acquire the necessary technical knowledge
and skills to manage their hydroponic systems effectively.

Albright et al., 2018 felt that hydroponic systems require a significant initial investment in infrastructure,

equipment and nutrients. They also commented that maintaining optimal pH and temperature levels is crucial for
plant growth, but the same can be challenging in hydroponic systems.

Jensen, 2018 believes that high initial investment can be a barrier to entry for small scale farmers, making it
challenging for them to achieve economic viability.
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Tropea et.al., 2018 remarked that hydroponic farmers may face challenges in accessing markets and selling their
produce, particularly if there is limited demand for hydroponically grown crops

Gunning, 2019 felt that farmers may need to develop effective marketing strategies to promote their produce and
attract customers.

Research Gap

The reviewed academic literature has not yet examined and reviewed the challenges faced in adaptation of
hydroponic technology into the specific socio-economic and climatic situation of Western Maharashtra. This
research paper attempts to fill this gap by exploring the complex realities faced by home-based hydroponic
practitioners in Western Maharashtra.

Research Question
“What are the primary issues and challenges faced by home based hydroponic farming practitioners in western
Mabharashtra?”

Statement of Problem:
To understand the issues and challenges faced by home based hydroponic farming practitioners while doing
hydroponic farming at home.

Obijectives of the Study

The Study aims to achieve the following objectives:

» Toidentify and categorize key issues and challenges faced by home based hydroponic farming practitioners
in western Maharashtra

» To identify specific technical issues and challenges faced by home based hydroponic farming practitioners
in western Maharashtra

» Toidentify specific economic issues and challenges faced by home based hydroponic farming practitioners
in western Maharashtra

Formulation of Hypothesis
. H1: Lack of technical knowledge is a significant barrier to the adoption of home-based hydroponic systems
in Western Maharashtra

. H2: High initial setup costs negatively impact the willingness of urban households to invest in hydroponic
farming.

. H3: Identification and Selection of plant/ crop (which plant/ crop to grow) has impact on revenue and the
overall profitability of the project

. H4: Selection of Right Type of Hydroponic system (Aeroponics, Deep Water Culture (DWC), Nutrient
Film Technique (NFT), Ebb and Flow, etc.) poses significant influence on the sustainability of home-based
hydroponic practices.

. H5: Access to reliable markets for sale of produce correlates with perceived success in hydroponic farming.

Methodological Framework

This research differentiates between insight and deployment objectives in alignment with the framework for
challenge design outlined by Mendrik and Aylward (2021). In the first phase a qualitative, insight-oriented
approach to uncover the breadth of issues and challenges, employing purposive sampling and in-depth interviews
with hydroponic practitioners, experts, and potential adopters was utilized. The second phase uses a quantitative,
deployment-oriented approach, surveying a representative sample of urban dwellers engaged in hydroponic
farming. This research thus will use a deployment-oriented approach to help ensure findings are generalizable and
relevant for policy and practice. The structured questionnaire was designed according to quantitative research
principles for collection of quality data that can be analyzed and the formulated hypothesis can be tested.

Research Methodology

This study adopts a Realistic Research design to systematically investigate the issues and challenges faced by home
based hydroponic farming practitioners in western Maharashtra. With a view to provide a detailed and accurate
account of the experiences and perceptions of the targeted respondents involved in home based hydroponic
farming, the descriptive research design is chosen.
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Data Collection

Primary Data

Qualitative and quantitative methods were used for the collection of primary data by conducting online survey of
52 respondents in the Western Maharashtra who are engaged in home based hydroponic farming for minimum
five years. The data collection was based on open and closed end structured questionnaire related to issues and
challenges faced by practitioners of hydroponic farming at home. Further, as a part of the online survey, consent
of online participants was also taken for telephonic as well as personal interviews as well. A structured questionnaire
was prepared for conducting telephonic interview of those participants who agreed for phone interview. The
purpose of telephonic and personal interview was to get better clarity and deeper understanding of their online
responses.

Secondary Data

Secondary data is the research or article which is done on the topic by some other researcher. In this study, the
secondary data in form of online journals, online articles, books and research done by other researchers will be
considered to corroborate data analysis.

Data Analysis

e Qualitative Data: Thematic analysis was conducted to identify recurring themes, challenges, and perceived
barriers. Coding was performed inductively, with cross-validation to ensure reliability.

e Quantitative Data: Statistical analysis included descriptive statistics, statistical tests for categorical
variables, and logistic regression to test the stated hypotheses

Ethical Considerations
All participants provided informed consent. Data was anonymized, and privacy was maintained in accordance
with ethical guidelines for social research.

Sampling Design and Sample Size

Purposive sampling technique is employed to select participants who are doing home based hydroponic farming for
minimum five years. The list of such persons from western Maharashtra were obtained from manufacturers and
suppliers of hydroponic farming systems and these people were contacted for providing their inputs for this study.

Population

The population for this study comprises of persons involved in home based hydroponic farming in western
Maharashtra for a period of five years and more.

Sample Size: 52

Limitations of Study

e As home based hydroponic farming is still in an infancy stage. Home based hydroponic farming is being
practiced by people for a period of less than a decade, hence population size is very limited. Further, it may
also be possible that many of the respondents would be having firsthand experience of doing home based
hydroponic farming.

e The study is limited to home based hydroponic farming units in western Maharashtra as well as those who are
involved in this activity for a period of five years or more

Analysis and Interpretation of Data

Qualitative Insights: Thematic Analysis

Lack of Technical Knowledge

Majority of the respondents expressed that lack of technical knowledge and skills was one of the most critical
challenge faced by them. Several respondents mentioned difficulty in managing proper dosage of nutrients,
monitoring the pH and EC levels and the quality of water. The respondents also mentioned that although there
were many tutorials available on the internet, no specific tailored content was available to assist and guide them.
One of the respondents in his interview quoted that “To learn how to do the basics was easy, but the nuances, e.g.,
learning how to modify pH and nutrients for local water, required expertise that was missing.”

High initial investment costs

Respondents agreed that the cost of hydroponic system and its ancillary were on the higher side which they felt
was a challenge as the payback period of almost all respondents was over four years. According to them, the prime
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reason for longer period of payback was the initial investment cost that was very difficult to justify when the cost
of vegetables that could be procured from the local market were cheaper than growing the same hydroponically.

Crop Selection

Some of the respondents felt that selection of proper crop to grow hydroponically is a challenge as the same
depended on factors such as compatibility with hydroponic system being utilized, cultivation period, crop cycle,
yield of crop, market demand and market rate. Crop selection has significant impact on the revenue and therefore,
the process of selection of crop is crucial as one mistake would result in loss of income. Respondents felt that
profitability of the project was directly related to the crops being cultivated in the home based hydroponic system.

Right Hydroponic System

Majority of the respondents were in agreement in considering the selection process of hydroponic system as one
of the challenging tasks. Respondents mentioned that careful assessment had to be done for selection of the right
kind of hydroponic system from the different types of hydroponic systems available in the market, based on factors
such as cost, space, type of crop proposed to be cultivated, ease of operations, etc. According to the respondents
any error in selection of hydroponic system may prove fatal for the viability of the entire project.

Market Access

Many of the respondents expressed concern over exploring and identifying market for selling the produce grown
hydroponically which could fetch them better rates than the local markets. Since, crops grown hydroponically are
free from any chemical residue the demand for the same is expected to better along with higher price. However,
the challenging task faced by the respondents was finding access to such markets to market their produce.
Respondents felt that access to such markets could generate more revenue and increase their profitability which
could ultimately help in reducing the payback period.

Quantitative Findings: Statistical Analysis

Statistical analysis of issues and challenges faced by 52 respondents engaged in home based hydroponic farming
rated 5 hypothesized issues and challenges variables on a scale of 1 to 5.

Descriptive Statistical Analysis
Descriptive statistical analysis (count, mean, SD, quartiles) for each issue and challenge was done and the results
of the same are presented in Table 1 below:

Table 1. Descriptive Statistical Analysis

index count  mean std min  25% 50% 75% o max variance skewness Kkurtosis
Lack of Technical Knowledge 520 1808 | 0.687 1.0 1.0 20 20 40 0472 0.645 0.821
High Investment Cost 52.0 1.923 | 0.621 1.0 2.0 20 2.0 3.0 0.386 0.048 -0.304
Crop Selection 520 1.865 | 0.687 1.0 1.0 20 2.0 40 0.472 0.557 0.694
Right Hydroponic System 520 2192 | 0.742 1.0 2.0 20 3.0 40 0.551 0.271 -0.018
Market Access 520 1788 | 0.637 1.0 1.0 20 20 30 0.405 0.206 -0.56

Results and Interpretation of Descriptive Statistical Analysis
Lack of Technical Knowledge

e Mean = 1.81 indicates that the responses lean towards the lower side (higher concern).

e Skewness = 0.65 is an indication of positively skewed data, which means that a majority of respondents
rated it as a challenge, but a few gave higher ratings (less concern).

e Interpretation: Many farmers feel that they lack adequate technical knowledge and see this as a strong
issue and challenge

High Investment Cost
e Mean =1.92 indicates slightly higher than technical knowledge, but is still low reflecting the concern of
the respondents.
e  Skewness = 0.05 shows an almost symmetric distribution indicating unswerving concern
e Interpretation: Investment cost is a widely shared concern, which is fairly consistent issue and
challenge among all respondents.
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Crop Selection
e Mean = 1.87 indicates strong challenge perception like lack of technical knowledge
e Skewness = 0.56 shows that it is positively skewed, i.e. it is concentrated on lower scores indicating more
concern
e Interpretation: Respondents consistently reported uncertainty in selecting crops as a key and major issue
and challenge

Right Hydroponic System
e Mean = 2.19 indicates slightly higher average, which means that respondents are divided in the
responses for e.g. some see this as an challenge while others don’t feel so.
e  Skewness = 0.27 shows mild skew indicating balanced distribution.
e Interpretation: though the respondents perceived this as a significant challenge, they felt that it was
less severe as compared to Lack of Knowledge or Crop Selection

Market Access
. Mean = 1.79 indicates lowest mean among all, which means that respondents perceive it as a strong
challenge
e  Skewness = 0.21shows mild positive skew
. Interpretation: respondents felt that market access remains as a critical bottleneck for adoption and
profitability and it is certainly a strong issue and challenge

Testing of Hypothesis using Chi —square test

Table 2. Chi — Square Test Results

Issues and Challenges 1 df p-value Significant
Lack of Technical Knowledge 36.92 3 <0.001 Yes
High Investment Cost 19.08 2 0.0001 Yes
Crop Selection 37.39 3 <0.001 Yes
Right Hydroponic System 28.62 3 <0.001 Yes
Market Access 15.27 2 0.0005 Yes

Results and Interpretation of Chi-square Test

e The p-values of all the five issues and challenges are well below 0.05 indicating that the distribution of
responses significantly deviate from a neutral or uniform pattern.

e The respondents felt that Crop Selection and Lack of Technical knowledge posed a strong challenge as
reflected by the strong deviations (largest > values) for them in the above table

e Issues and challenges in the form of Market Access and High Investment cost have a slightly smaller y2, still
show strong significance thereby indicating consistent concern among the respondents.

e Right Hydroponic System with a moderate y? value also shows strong significance indicating it to be a real
issue and challenge across the respondents

e The results of the Chi-square test implies that the respondents perceive all the five issues and challenges as
real, hence all the five hypothesis formulated on these issues and challenges are accepted.

Results and Discussions
The overall results of the study can be summarized from the above descriptive and inferential findings:

Lack of Knowledge:

Lack of technical knowledge regarding the overall procedure of crop cultivation in hydroponic system including
nutrient and water management along with proper selection of crop, creates dependency of respondents on
accepting trial and error approach or taking help of external consultants that could add up to inefficiencies.

Financial Constraints:

As compared to traditional farming method, the cost of hydroponic setups is high. The higher initial investment
costs along with the recurring operational costs is seen as a prominent challenge which leads to longer payback
periods, thus discouraging adoption of the same
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Difficulty in System Selection:

The respondents’ feedback regarding their struggle with selecting the right type of hydroponic system from the
multiple hydroponic systems available in the market indicates it to be a challenging issue. Selection of appropriate
hydroponic setup that could suit their budget as well as be compatible for cultivation of crops identified by them
along with ease of use is really an uphill task for the respondents.

Market Bottlenecks:

Even if respondents overcome technical and economic challenges, exploring and establishing access to proper
market place for selling hydroponically grown produce profitability is equally important. Limited consumer
awareness about hydroponically grown produce further aggravates this issue.

Comparison of Findings with Existing Literature

With the purpose to establish relevance and identify patterns and trends as well as validate the findings and results

of this study, comparison in broader terms was done with the previous studies that were part of literature review

of this research paper. Most of the findings of the study aligned with previous studies in sustainable agriculture

and hydroponics:

e Technical Knowledge: the need for structured training to impart technical knowledge and awareness in
hydroponic farming has been highlighted by many studies, since lack of expertise is considered as primary
barrier.

o Investment Cost: innovative technology such as hydroponic farming is more expensive than traditional
farming. Along with equipment costs, there are other ancillary costs such as shade nets, plumbing systems
and automation, UV lighting, climate control devices, etc. that are also need to be installed. All such expenses
add to higher initial investment costs which have been identified in multiple contexts as a deterrent for small-
scale farmers.

o Crop Selection: research papers have highlighted selection of crop as essential pre-requisite in growing crops
hydroponically because it impacts production, profitability and suitability of crop for specific environment of
the hydroponic system. Important factors mentioned include the crop's life cycle, the market demand, yield
of crop, etc.

e Market Access: for achieving profitability and sustainability it is important to explore access to markets
where hydroponic produce can fetch better returns than local markets. Similar to conventional farming,
market integration remains a challenge in hydroponic farming that has been emphasized in many research
papers.

All of the above, suggest that the issues and challenges experienced in this study were not isolated incidents but
indicative of wider trends in global hydroponic adoption as a more sustainable agricultural method.

Future Research Directions

While this study recognizes the challenges faced by people participating home-based hydroponic farming, it also
recognizes there are a number of gaps worth further study. The focus of future studies should shift from challenges
to solutions and reflect identified farmer demographics, economic models, technology adoption, market
development and sustainability outcomes. Such studies will help ensure that hydroponics can develop as a
practical, accessible and sustainable farming alternative to be adopted across a larger demographic area.

Recommendations

For improving the adoptability of home based hydroponic farming, following recommendations are suggested:

. Conduct Training Programs: The manufacturers and vendors of hydroponic systems should take the
initiative of developing structured training sessions and workshops that can help address the lack of technical
knowledge among the people and at the same time promote home based hydroponic systems.

e  Affordable Financing: The Government should take policy decisions whereby banks and financial
institutions should be advised to provide financial assistance at subsidized low-interest rates that can
influence more people to invest in home based hydroponic farming.

e Advisory Services: Agricultural agencies along with manufacturers and vendors of hydroponic systems
should jointly establish expert advisory services and digital tools to help urban dweller who are interested
in home based hydroponic farming take appropriate decisions regarding selection of crop as well as right
kind of hydroponic system.

e Awareness of Hydroponic crops: large scale social media campaigns and initiatives need to be undertaken
to promote awareness among the common public regarding the unique qualities of hydroponically grown
crops like residue free crops, etc.
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. Market Access Initiatives: The Government should build cooperative marketing platforms as well as
direct-to-consumer channels for facilitating home based hydroponic practitioners sell their high quality
residue free produce at better rates.

Conclusion

Home based hydroponic farming has an excellent opportunity for urban dwellers. However, the issues and
challenges faced by the present practitioners of home based hydroponic farming that are highlighted in this study
need to be addressed. Failure to resolve these issues and challenges may result in hydroponic farming falling short
of its potential for sustainable farming and food security. However, if these issues are dealt with using appropriate
knowledge, technology, and infrastructure, home based hydroponic farming may revolutionize urban farming in
Indian cities.
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Abstract

This study examines the relationship between taxation and economic growth in Sri Lanka over the period 1991—
2023, with a particular focus on both short-run dynamics and long-run equilibrium effects. Employing the
Autoregressive Distributed Lag (ARDL) bounds testing approach and an Error Correction Model (ECM), the
analysis captures the distinct temporal impacts of tax revenue, inflation, monetary expansion, and trade openness
on GDP growth. The results reveal that tax revenue exerts a statistically significant positive effect on economic
growth in the long run, underscoring the importance of efficient revenue mobilization and productive public
expenditure. Inflation, by contrast, shows a persistent negative association with long-run growth, highlighting the
necessity of maintaining price stability. Monetary expansion is found to stimulate growth in the short run but
exerts a dampening effect over the long term when excessive liquidity persists. Trade openness contributes
positively to long-run growth, although adjustment costs are evident in the short run. Policy recommendations
emerging from the findings include broadening the tax base, enhancing tax administration efficiency, adopting a
low and stable inflation framework, maintaining a balanced monetary stance, and pursuing export diversification
with strengthened domestic value chains. Institutional reforms to reduce leakages and improve compliance are
also emphasized. Overall, the study demonstrates that harmonizing fiscal, monetary, and trade policies is essential
for transforming Sri Lanka’s fiscal vulnerabilities into a platform for sustainable and inclusive growth. These
findings provide empirical insights for policymakers aiming to optimize tax policy as a lever for long-term
economic resilience

Keywords: : Taxation, Economic Growth, ARDL, Fiscal Policy, Sri Lanka
JEL Classification: H20, H21, E62, 047, C32

Instroduction

The relationship between taxation and economic growth remains a central concern in economic theory and fiscal
policy, particularly in developing countries that face persistent structural constraints and macroeconomic volatility
(Kelegama, 2011). In Sri Lanka, mobilizing sufficient revenue without hindering growth has been a long-standing
challenge. Over the past three decades, the tax-to-GDP ratio has steadily declined - from 19.0 % in 1990 to around
9.9 % in 2023, well below the South Asian regional average and far from the fiscal levels required to sustain
robust public investment (World Bank, 2024). The situation reached a critical point in 2021 when the ratio fell to
around 8 %, the lowest since 1959, driven by sweeping tax cuts, weak compliance, and administrative
inefficiencies (World Bank, 2023). This erosion in fiscal capacity has constrained infrastructure development,
limited social spending, and contributed to one of the country’s most severe economic crises in recent history,
marked by high inflation, currency depreciation, and debt distress (Weerasinghe, 2023). While policymakers have
introduced reforms to reverse this trend - raising revenue and grants to 13.7 % of GDP by 2024 - questions remain
about whether Sri Lanka’s tax system is growth-supportive or simply revenue-extractive.

Despite the importance of this issue, there is limited empirical research that rigorously quantifies how taxation
affects GDP growth in Sri Lanka, particularly in a framework that distinguishes between short-run adjustments
and long-run equilibrium dynamics. This gap is critical because understanding the nature and direction of the
taxation—growth relationship can inform the design of fiscal instruments that foster sustainable economic
performance. Addressing this research gap, the present study investigates the impact of taxation on GDP growth
in Sri Lanka over the period 1990-2023 using the Autoregressive Distributed Lag (ARDL) Bounds Testing
approach. Specifically, it seeks to answer three key research questions: (1) What is the nature of the long-run
relationship between tax revenue and GDP growth? (2) How do inflation, money supply, and trade openness
influence GDP growth in both the short and long term? and (3) At what speed does the economy return to
equilibrium following short-run shocks?

The study is significant for both academic and policy audiences. For policymakers, the findings will offer
evidence-based insights on whether increasing tax revenue - through reforms, improved compliance, or structural
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changes - can accelerate growth without imposing excessive burdens on the economy (Ministry of Finance, 2024).
For scholars, the research will contribute to the underdeveloped empirical literature on taxation and growth in
small, open, developing economies experiencing fiscal stress. The novelty of the study lies in its application of
the ARDL framework to Sri Lanka’s post-liberalization economic trajectory, capturing the interplay between
fiscal variables and growth under conditions of macroeconomic instability. Ultimately, this research will inform
tax policy reforms aimed at enhancing fiscal space, maintaining price stability, and fostering trade openness,
thereby supporting Sri Lanka’s path toward sustainable and inclusive economic growth.

Literature Review

Theoretical Literature Review

The relationship between taxation and economic growth is grounded in a rich body of economic theory spanning
classical, Keynesian, endogenous growth, and optimal taxation frameworks. Together, these perspectives provide
a conceptual foundation for understanding how fiscal policy can both enable and constrain economic performance.
Classical economists such as Smith (1776) and Ricardo (1817) emphasized that taxation should be guided by the
principles of equity, certainty, convenience, and economy. Smith argued that moderate, predictable taxes are
essential for financing public goods and infrastructure without distorting incentives for production and trade.
Ricardo cautioned that high taxes on productive factors - particularly land and capital - reduce savings and
investment, thereby slowing capital accumulation and long-term growth. From a classical standpoint, growth-
friendly tax design should raise sufficient revenue for development needs while minimizing distortionary effects.
For developing economies like Sri Lanka, this implies prioritizing efficient tax structures that support public
investment in infrastructure and institutional capacity while preserving incentives for private sector expansion.
Keynesian theory positions taxation as a central instrument of countercyclical fiscal policy aimed at stabilizing
aggregate demand and output. According to Keynes (1936), tax reductions during recessions can stimulate
household spending and private investment, while tax increases during economic booms help prevent overheating
and inflation. The multiplier effect amplifies these impacts by influencing disposable income and consumption
patterns. In economies with idle capacity - such as Sri Lanka during periods of slowdown - well-targeted tax cuts
can boost short-run growth and employment. However, Keynesian analysis also warns that the growth effects of
taxation are contingent on efficient public expenditure; excessive tax burdens without productivity gains in
spending can neutralize fiscal stimulus.

Modern growth theories extend the analysis by highlighting the role of taxation in shaping long-term growth
trajectories through its effects on human capital, innovation, and infrastructure. Romer (1986) demonstrated that
knowledge spillovers and technological innovation can yield increasing returns to scale, and that tax revenues
directed toward research and development can enhance productivity growth. Lucas (1988) emphasized that
investment in education and skills development - potentially financed by taxation - raises labor productivity and
fosters sustained growth. Barro (1990) integrated government spending into an endogenous framework,
distinguishing between productive expenditures (e.g., infrastructure, health, education) that can raise the marginal
productivity of capital and labor, and distortionary taxation that deters investment and work effort. For Sri Lanka,
where sustained investment in human capital and infrastructure is crucial, the endogenous framework suggests
that the composition and allocation of tax revenue are as important as the amount collected.

The optimal taxation framework, pioneered by Ramsey (1927) and later refined by Mirrlees (1971), seeks to
design tax systems that maximize social welfare by raising necessary revenues with minimal efficiency losses. It
emphasizes the trade-off between equity and efficiency, recommending that tax burdens fall more heavily on less
elastic tax bases to reduce distortions in economic decision-making. In developing countries with large informal
sectors, such as Sri Lanka, optimal taxation implies simplifying tax structures, broadening the tax base, and
ensuring administrative feasibility to improve compliance. Stability, transparency, and fairness in tax policy not
only strengthen revenue mobilization but also build investor confidence, indirectly fostering economic growth.
Collectively, these theoretical perspectives underscore that taxation can be both a constraint and a catalyst for
growth, depending on its structure, implementation, and alignment with broader economic objectives. The Sri
Lankan context - marked by revenue challenges, development needs, and macroeconomic instability - offers a
pertinent case for applying these theories to evaluate the growth impact of taxation policy.

Empirical Literature Review

Empirical research investigating the relationship between taxation and economic growth demonstrates significant
heterogeneity, influenced by differences in tax structures, institutional quality, economic openness, and fiscal
policy frameworks. The diversity of findings underscores the complexity of the taxation-growth nexus, which
varies across countries and over time.

Easterly and Rebelo (1993) conducted one of the pioneering cross-country studies analyzing over 100 nations.
Their results revealed mixed effects of taxation on economic growth, where the quality of public expenditure -
especially infrastructure spending - emerged as a critical mediating factor. This study laid the groundwork for
subsequent research highlighting that the growth impact of taxation depends significantly on how tax revenues

South Asian Journal of Management Research, Volume 16, Issue No. 01 86



are utilized. Building on this foundation, Kneller, Bleaney, and Gemmell (1999) focused on 22 OECD countries
and distinguished between distortionary and non-distortionary taxes. Their findings suggested that distortionary
taxes, such as corporate income taxes, negatively affect growth, while non-distortionary taxes and productive
government spending exerted positive influences. Their approach, which accounted for government budget
constraints and symmetric treatment of taxes and expenditures, stressed the importance of fiscal policy design in
shaping growth outcomes. In the U.S. context, Engen and Skinner (1996) analyzed tax reductions and concluded
that while lower taxes provide modest long-term growth benefits, their magnitude might be overestimated,
particularly in heavily regulated economies. This highlighted the role of institutional and regulatory environments
in modulating tax-growth linkages. Examining supply-side arguments, Lee and Gordon (2005) used cross-country
regression analyses to demonstrate a strong negative relationship between corporate tax rates and GDP growth,
reinforcing the notion that high corporate taxes can deter investment and entrepreneurship. Similarly, Tosun and
Abizadeh (2005) studied OECD countries and found that shifting tax bases from income to consumption tends to
produce more favorable growth effects, emphasizing the significance of tax compaosition over tax levels.

In developing countries, Marsden (1983), drawing on World Bank studies, provided evidence that lower overall
tax burdens enhance private sector performance, implying growth benefits from less distortionary fiscal systems.
Meanwhile, Laffer (2004) introduced the controversial concept of an optimal tax rate that maximizes revenue
without undermining incentives, a principle that continues to fuel debate on tax policy efficacy. Focusing on the
Asian context, Atukorala and Rajapatirana (2000) explored how capital inflows impact exchange rates and,
subsequently, fiscal space and growth, factors highly relevant to Sri Lanka's open economy. Complementing this,
Narayan and Narayan (2006) analyzed nine Asian countries and identified bidirectional causality between
government revenue and expenditure, revealing varied fiscal regimes where either "spend and tax" or "tax and
spend" dynamics dominate, thus influencing fiscal sustainability and growth trajectories.

Country-specific studies on Sri Lanka provide nuanced insights. Herath (2010) evaluated tax reforms and reported
increased revenue productivity linked to improved administrative efficiency and tax base broadening. More
recently, Dissanayake et al. (2021) applied time-series regression techniques to confirm a statistically significant
positive impact of tax revenue on GDP growth, affirming that fiscal consolidation via enhanced taxation supports
economic expansion if coupled with efficient public spending.

Collectively, this body of empirical evidence indicates that the impact of taxation on economic growth is
contingent upon tax composition, the efficiency of tax administration, complementary public expenditures, and
the broader institutional environment. For Sri Lanka, improving tax policy effectiveness requires harmonizing
revenue mobilization with growth-friendly incentives, equitable burden sharing, and structural reforms to sustain
macroeconomic stability and development objectives.

Table No. 1: Summary of the Empirical literature review

Author(s), Year and Region/ Methodology Key Findings

Country
Easterly & Rebelo (1993) 100+  Cross-country Mixed effects of taxation; public expenditure quality
countries regression (infrastructure) crucial for growth
Kneller, Bleaney & Gemmell Panel regression Distortionary taxes (e.g., corporate tax) negatively
(1999) affect growth; non-distortionary taxes and productive

22 OECD countries

spending promote growth

Engen & Skinner (1996)
USA

Time series
econometrics

Tax cuts have modest long-term benefits; impact muted
in highly regulated economies

Lee & Gordon (2005)
OECD countries

Cross-country
regression

Corporate tax rates strongly negatively correlated with
GDP growth

Tosun & Abizadeh (2005)
OECD countries

Panel data analysis

Shifting taxation from income to consumption improves
growth outcomes

Marsden (1983) Developing
countries

World Bank empirical
studies

Lower tax burdens improve private sector performance

Laffer (2004) General/global

Theoretical &
empirical review

Concept of an optimal tax rate balancing revenue
maximization and incentives

Atukorala & Rajapatirana
(2000)
Asia

Comparative fiscal
analysis

Capital inflows influence exchange rates, fiscal space,
and growth

Narayan & Narayan (2006)
9 Asian countries

Causality tests

Bidirectional causality between government revenue
and expenditure varies across countries

Herath (2010)
Sri Lanka

Tax reform impact
analysis

Improved revenue productivity through better

administration and broadened tax base

Dissanayake et al. (2021)
Sri Lanka

Time series regression

Tax revenue has positive, significant impact on GDP
growth
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Methodology

Research Framework

This study employs the Autoregressive Distributed Lag (ARDL) Bounds Testing approach to examine the short-
run and long-run relationships between taxation and GDP growth in Sri Lanka from 1990 to 2023. The ARDL
methodology is well-suited for this context because it can handle small sample sizes and accommodate variables
integrated at different orders - either stationary at levels (1(0)) or after first differencing (1(1)) - without requiring
all variables to be integrated of the same order. This flexibility makes ARDL a robust and efficient tool for
modeling dynamic economic relationships in emerging market settings where data properties often vary.
Compared to traditional cointegration methods like Engle-Granger or Johansen, which require uniform integration
orders, ARDL maintains efficiency and allows simultaneous estimation of both short-run dynamics and long-run
equilibrium relationships. This comprehensive insight into how taxation affects economic growth - both
immediately and over time - is invaluable for policymakers in Sri Lanka, enabling them to understand not only
the magnitude and direction of fiscal impacts but also the speed of economic adjustment to shocks, thereby
supporting the design of effective, growth-oriented tax policies.

Data Sources and Variables

The empirical analysis utilizes annual time series data spanning from 1990 to 2023, sourced from credible official
institutions such as the Central Bank of Sri Lanka and the Ministry of Finance. The primary dependent variable
is the annual GDP growth rate, serving as the indicator of economic performance. The key explanatory variables
include total tax revenue (expressed as a percentage of GDP), trade openness (measured as the sum of exports and
imports relative to GDP), broad money supply (M2), and inflation rate. These variables are thoughtfully selected
to encompass both fiscal and monetary dimensions that influence economic growth. Tax revenue captures
government fiscal capacity, while trade openness reflects external sector integration, and money supply and
inflation represent monetary conditions impacting macroeconomic stability. Where appropriate, variables are log-
transformed to stabilize variance and facilitate interpretation in terms of elasticities, enhancing the meaningfulness
of the coefficient estimates.

Stationarity Tests

Before conducting the ARDL analysis, it is essential to determine the integration order of each variable to confirm
their stationarity properties. To this end, the Augmented Dickey-Fuller (ADF) test is applied. These tests check
whether the series are stationary at levels or require differencing to achieve stationarity. Establishing the correct
order of integration is crucial because the ARDL technique is valid only when variables are integrated of order
zero or one but not of order two or higher.

ARDL Model Specification and Bounds Test

The study then specifies an ARDL model incorporating GDP growth, tax revenue, trade openness, money supply,
and inflation to empirically assess their dynamic interactions. The bounds testing procedure is used to detect
whether a long-run cointegration relationship exists among the variables. The F-statistic generated from the
bounds test is compared against critical values; exceeding the upper bound confirms a stable long-run equilibrium
relationship. This result validates the simultaneous estimation of short-run adjustments and long-run coefficients
within the ARDL framework.

Error Correction Model (ECM)

Following the confirmation of cointegration, the ARDL model is reformulated into an Error Correction Model
(ECM). The ECM captures short-run dynamics and incorporates the error correction term, which measures the
speed at which deviations from the long-run equilibrium are corrected. A statistically significant negative
coefficient on this term indicates that any disequilibrium between taxation and GDP growth adjusts rapidly back
toward the equilibrium path. In this study, the coefficient suggests an adjustment speed of approximately 95%,
implying that shocks are largely corrected within one year.

Diagnostic and Stability Tests

To ensure the reliability and robustness of the estimated ARDL model, several diagnostic tests are performed.
The Breusch-Godfrey LM test assesses the presence of serial correlation in residuals, with results indicating no
such problem. The Breusch-Pagan-Godfrey test checks for heteroskedasticity, confirming consistent variance of
residuals (homoskedasticity). Additionally, the Jarque-Bera test is employed to verify the normality of residuals,
an assumption necessary for valid inference. Lastly, stability tests including CUSUM and CUSUMSQ confirm
that the model’s parameters are stable over the sample period, affirming the soundness of both short- and long-
run coefficient estimates.
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Empirical results

Descriptive statistics results

The descriptive statistics, as presented in Table 1, reveal that Sri Lanka’s GDP growth rate averages 4.30% over
the study period, with moderate variability and a left-skewed distribution, reflecting occasional periods of negative
growth. Inflation exhibits a relatively high mean of 10.32% along with substantial volatility and significant right
skewness, highlighting episodes of inflation spikes as supported by its high kurtosis and a significant Jarque-Bera
test, which confirms non-normality.

Table No. 1: Descriptive statistics

GDPG TAXR INF MOS TOP
Mean 4.297 5.624 10.320 6.095 62.963
Median 5.249 5.669 7.689 6.114 67.920
Maximum 8.669 6.434 49.721 7.120 88.640
Minimum -7.346 4.832 2.135 4.959 34.030
Std. Dev. 3.608 0.484 8.554 0.649 15.767
Skewness -1.651 -0.070 3.060 -0.060 -0.174
Kurtosis 5.426 1.625 14.396 1.823 1.573
Jarque-Bera 23.806 2.706 237.079 1.982 3.057
Probability 0.000 0.258 0.000 0.371 0.216
Sum 146.100 191.226 350.898 207.241 2140.750
Sum Sq. Dev. 429.591 7.735 2414.968 13.938 8203.956
Observations 34 34 34 34 34

Money supply and tax revenue demonstrate more stable behavior, with averages near 6.10 and 5.62 respectively,
coupled with low variability and distributions that do not significantly deviate from normality. Trade openness
averages around 63%, indicating moderate integration with global markets, and while its variability is relatively
high, tests suggest the distribution is not significantly non-normal. These results underscore the diverse statistical
properties of the variables and indicate the necessity for careful econometric treatment in the subsequent analysis.

Stationarity Tests results

The results of the Augmented Dickey-Fuller (ADF) tests, shown in Table 2, indicate a mixed order of integration
among the variables, which justifies the use of the ARDL framework. Inflation is stationary at levels (1(0)) with
a significant test statistic, indicating stability without differencing.

Table No. 2: Augmented Dickey-Fuller test

Variables In level In first difference Conclusion
t - statistics p - value t - statistics p - value
GDPG -0.717 0.828 -10.680 0.000 1(2)
LnTAXR -0.226 0.925 -4.366 0.002 1(1)
INF -4.720 0.001 -- -- 1(0)
LnMOS -2.072 0.256 -6.346 0.000 1(1)
TOP -0.152 0.954 -5.378 0.000 1(2)

In contrast, GDP growth, log-transformed tax revenue, trade openness, and money supply are non-stationary at
levels but become stationary after first differencing (1(1)). This combination of 1(0) and 1(1) variables validates
the application of the ARDL Bounds Testing approach, which is well-suited for such mixed integration orders.

ARDL Bounds test results

As outlined in Table 3, the ARDL bounds test confirms the presence of a long-run cointegration relationship
among GDP growth, tax revenue, inflation, money supply, and trade openness.
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Table No. 3: ARDL Bound Test

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
F-statistic 9.818 10% 2.2 3.09
k 4 5% 2.56 3.49
1% 3.29 4.37

The computed F-statistic of 9.818 exceeds the critical upper bounds at the 1%, 5%, and 10% significance levels,
leading to the rejection of the null hypothesis of no long-run relationship. This finding supports proceeding with
the estimation of both long-run and short-run dynamics within the ARDL framework.

The long-run ARDL estimates

The long-run ARDL estimates, detailed in Table 4, indicate that tax revenue has a significant and positive impact
on GDP growth, suggesting that increased tax collection supports economic expansion, possibly through financing
productive government investments. Conversely, inflation exhibits a significant negative effect on growth,
consistent with theoretical expectations that price instability harms economic performance.

Table No. 4: ARDL Long Run Form and Bounds Test

Variable Coefficient Std. Error t-Statistic Prob.
C -47.730 20.279 -2.353 0.027
GDPG(-1) -0.954 0.145 -6.574 0.000
LnTAXR 23.776 6.737 3.529 0.001
INF -0.125 0.045 -2.741 0.011
LnMOS(-1) -15.986 4.646 -3.440 0.002
TOP(-1) 0.134 0.067 1.988 0.059
D(LnMOS) 39.271 24.617 1.595 0.124
D(LnMOS(-1)) 68.361 24.424 2.798 0.010
D(TOP) 0.194 0.085 2.269 0.033
D(TOP(-1)) -0.269 0.076 -3.507 0.002

Similarly, the lagged broad money supply shows a significant negative relationship with GDP growth, implying
that excessive monetary expansion may adversely affect the economy, potentially through inflationary pressures
or inefficiencies. Trade openness presents a positive but marginally significant association with growth, indicating
some beneficial effects of greater international integration in the long run.

Error Correction Model results

Short-run dynamics highlighted in the Error Correction Model (ECM), summarized in Table 5, show that changes
in money supply in both the current and previous periods positively and significantly affect GDP growth,
indicating that monetary expansion can stimulate economic activity in the short term.

Table No. 5: ARDL Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.
D(LnMOS) 39.271 14.575 2.694 0.013
D(LnMOS(-1)) 68.361 13.395 5.103 0.000
D(TOP) 0.194 0.060 3.201 0.004
D(TOP(-1)) -0.269 0.063 -4.235 0.000
CointEq(-1)* -0.954 0.112 -8.502 0.000

Trade openness exhibits mixed short-run effects: increases in the current period positively influence growth, while
prior period changes have a significant negative effect, reflecting adjustment processes within the trade sector.
The error correction term is negative and highly significant with a coefficient of approximately -0.95,
demonstrating that about 95% of any short-term disequilibrium is corrected within one year, confirming a strong
and rapid convergence to long-run equilibrium.
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Diagnostic and Stability Tests

The Breusch-Pagan-Godfrey Heteroskedasticity test results

The Breusch-Pagan-Godfrey test for heteroskedasticity, as shown in Table 6, indicates no evidence of
heteroskedasticity, confirming constant variance in the residuals and supporting the reliability of standard errors
and coefficient estimates.

Table No. 6: Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 1.152 Prob. F(9,22) 0.370
Obs*R-squared 10.250 Prob. Chi-Square(9) 0.330
Scaled explained 7.298 Prob. Chi-Square(9) 0.606
SS

Breusch-Godfrey Serial Correlation LM test results
Likewise, the Breusch-Godfrey Serial Correlation LM test results, presented in Table 7, find no serial correlation
in the residuals, ensuring the unbiasedness and efficiency of the model’s estimators.

Table No. 7: Breusch-Godfrey Serial Correlation LM Test:
F-statistic 0.508 Prob. F(2,20) 0.608
Obs*R-squared 1.549 Prob. Chi-Square(2) 0.460

Normality test results

The normality test results reveal residuals centered around zero with only slight positive skewness and mild
kurtosis; the Jarque-Bera test fails to reject the null hypothesis of hormality, validating the assumptions required
for reliable inference.

10

Series: Residuals
Sample 1992 2023

8- Observations 32

5| Mean -9.77e-15
Median -0.354904
Maximum 5.155069

4. Minimum -2.828926
Std. Dev. 1.685112
Skewness 0.687261

2 Kurtosis 4012725

0 | I | Jarque-.ﬁera 3.886560

3 2 4 0 1 5 3 4 5 6 Probability 0.143233

Figure 1: Normality Test

CUSUM and CUSUMSQ test results
Finally, structural stability tests based on CUSUM and CUSUMSQ confirm that the model’s parameters and
residual variance remain stable over the sample period. Both tests show the cumulative sums remain within critical
bounds, indicating no structural breaks.
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Figure 3: CUSUMSAQ test results
This stability reinforces confidence in the robustness and reliability of the estimated short-run and long-run
relationships between taxation, monetary variables, trade openness, inflation, and GDP growth in Sri Lanka.

Conclusions and Policy Implications

The empirical analysis provides clear evidence that taxation, monetary policy, inflation control, and trade
openness jointly shape Sri Lanka’s growth trajectory, with distinct effects in the short and long run. The long-run
ARDL results demonstrate that tax revenue exerts a significant and positive influence on GDP growth, confirming
that improved tax collection - if channelled toward productive expenditure - can enhance economic performance.
This finding is particularly relevant in light of Sri Lanka’s historically low tax-to-GDP ratio, as highlighted in the
descriptive statistics (Table 1), and underscores the growth potential of a well-designed, broad-based tax regime.
Inflation, on the other hand, has a significant negative long-run effect, consistent with the theoretical view that
sustained price instability erodes purchasing power, distorts resource allocation, and undermines investor
confidence. The adverse long-run effect of lagged money supply suggests that excessive monetary expansion can
eventually dampen growth, likely through inflationary pressures and inefficiency in capital allocation. Yet, the
ECM results (Table 5) reveal that in the short term, increases in money supply stimulate growth, indicating that
carefully calibrated monetary expansion can be an effective counter-cyclical tool during downturns.

Trade openness shows mixed but generally positive effects. In the long run, greater openness contributes modestly
to growth, while short-run results suggest immediate gains from expanding trade are tempered by potential
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adjustment costs in subsequent periods. The highly significant and negative error correction term, with a
magnitude of -0.95, indicates that Sri Lanka’s economy corrects short-run disequilibria almost fully within a year,
reflecting a high degree of macroeconomic responsiveness to shocks.

Based on these findings, several policy implications emerge for Sri Lanka’s economic management. First, revenue
mobilization should be enhanced without deterring growth by broadening the tax base through reducing
exemptions, formalizing the informal sector, and introducing property and wealth taxes. Importantly, additional
revenue must be channelled into productivity-enhancing investments such as infrastructure, education, and health,
consistent with the observed positive long-run impact of tax revenue on growth. Second, inflation should be
maintained within a low and stable range by strengthening monetary—fiscal coordination and adopting forward-
looking inflation-targeting frameworks to avoid long-run growth penalties from persistent price instability. Third,
a balanced monetary stance is essential—monetary expansion can be used judiciously to stimulate short-run
growth during recessions, but sustained excessive liquidity injections should be avoided to protect long-run
performance. Fourth, trade openness should be leveraged strategically by facilitating export diversification,
strengthening domestic value chains, and improving trade-related infrastructure to maximize positive long-run
effects while cushioning short-run adjustment costs. Fifth, institutional and administrative reforms must be
pursued by modernizing tax administration through digital platforms, implementing risk-based compliance
systems, and building institutional capacity to improve efficiency and reduce leakages. Finally, macroeconomic
stability must be sustained by avoiding policy volatility and ensuring consistent, credible reforms that reinforce
investor confidence, thereby preserving the rapid adjustment capacity highlighted in the ECM results. In sum, Sri
Lanka’s path to sustainable and inclusive growth lies in harmonizing fiscal, monetary, and trade policies to exploit
their complementary strengths, with targeted tax reforms, prudent macroeconomic management, and export-
oriented strategies forming the foundation for long-term economic resilience.
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