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From The Editor's Desk

It is with considerable satisfaction that we present the latest issue of SURVEY: A Management
Research Journal of IISWBM. This issue continues our commitment to disseminating rigorous
and impactful scholarship that advances the frontiers of management research and practice.
The journal seeks to integrate theoretical insights with empirical validation, thereby contributing
to evidence-based management and informed decision-making.

SURVEY is a peer-reviewed quarterly publication dedicated to fostering high-quality academic
discourse across a wide spectrum of management-related domains. These include, but are not
limited to, business management, human resource management, data science, public systems,
commerce, economics, sports management, law, and social welfare. By maintaining a
multidisciplinary orientation, the journal facilitates cross-fertilization of ideas and encourages
the development of integrative frameworks that address complex organizational and societal
challenges.

A defining characteristic of the journal is its openness to diverse methodological approaches
and epistemological perspectives. Both quantitative and qualitative inquiries as well as mixed-
methods research are welcomed, provided they demonstrate analytical rigor and conceptual
clarity. In this context, SURVEY serves as an intellectual platform for the generation, validation,
and dissemination of knowledge that is both theoretically robust and practically relevant.

The articles featured in this issue reflect a broad array of contemporary themes in management
science offering nuanced analyses and innovative perspectives. Collectively, they contribute
to a deeper understanding of emerging trends, managerial effectiveness and policy implications
in a dynamic and evolving environment.

We express our sincere appreciation to the contributing authors for their scholarly efforts and
to the reviewers for their critical evaluations and constructive feedback, which have been
instrumental in maintaining the academic integrity of this publication. We also extend our
gratitude to our readers for their continued engagement and support. We encourage them to
actively participate in this ongoing dialogue by sharing their insights and perspectives on the
issues discussed herein.

Looking ahead, we invite researchers and practitioners to contribute original, methodologically
sound and conceptually innovative work to future issues of SURVEY, thereby strengthening
its role as a leading forum for management research and intellectual exchange.

Prof. (Dr.) K. M. Agrawal

 Editor-in-Chief, SURVEY &
Director, IISWBM, Kolkata
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Exploring the Entrepreneurial Intentions of Business

Students: Insights from Select HEIs of Kolkata

S. Kavitha1 and  Abhik Kumar Mukherjee2

ABSTRACT

This study explores the entrepreneurial intentions of undergraduate and postgraduate students in business-

related disciplines at select higher education institutions (HEIs) in Kolkata, a major educational hub in

eastern India, through the lens of Ajzen's (1991) Theory of Planned Behaviour. It examines the role of

three key components-attitude towards entrepreneurship, subjective norms, and perceived behavioural

control-in explaining students' entrepreneurial intentions. Additionally, it examines differences in

entrepreneurial intentions based on gender and family business background. Data for the study were

collected using a structured questionnaire based on the Entrepreneurial Intention scale of Linan &

Chen (2009) and analysed using Partial Least Squares Structural Equation Modelling (PLS-SEM).

The findings reveal that attitude towards entrepreneurship was the most significant contributor, followed

by perceived behavioural control, in shaping students' intentions, whereas subjective norms had no

statistically significant impact on intentions. Attitude towards entrepreneurship strongly predicts

entrepreneurial intentions for both students of both genders, with a stronger impact on male students.

Notably, perceived control significantly and positively influences entrepreneurial intentions solely among

female students. Both attitude and perceived control significantly shape entrepreneurial intentions,

regardless of students' family-business background. This research provides useful insights into factors

shaping entrepreneurial intentions in Kolkata, a prominent hub in eastern India's educational ecosystem,

and offers implications for HEIs and policymakers.

The study is limited to a specific geographic location and is cross-sectional, which limits the

generalisability of the results. Future research could employ mixed-methods to explore entrepreneurial

intentions across different academic disciplines and employ longitudinal designs to provide a more

comprehensive understanding.

Keywords: Entrepreneurial Intention; Theory of Planned Behaviour; Higher Education Institutions;

Entrepreneurship Education; Kolkata
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1. Introduction

Entrepreneurship is recognised as a prerequisite for societal growth (Zahra & Wright, 2015; Ratten & Jones,
2021) and employment creation (Baumol & Strom, 2007; Kuratko, 2005). Much of the literature has examined
why some individuals become entrepreneurs while others do not (Loi et al., 2023; Krueger et al., 2000).
Recent research has shifted towards understanding entrepreneurial behaviour and its antecedents, with
entrepreneurial intention (EI) identified as a crucial precursor (Krueger et al., 2000; Liñán & Fayolle, 2015).
Since the 1990s, EI has emerged as a consolidated research area within entrepreneurship (Liñán & Fayolle,
2015; Nájera-Sánchez et al., 2022; Maheshwari et al., 2023).

As part of the multi-stage entrepreneurial process, EI development is vital (Cui & Bell, 2022) and central to
explaining entrepreneurial behaviour (Liñán & Fayolle, 2015). Stronger intentions increase the likelihood of
entrepreneurial activity or start-up creation (Moriano et al., 2012). Research on EI has gained global traction,
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particularly within higher education institutions (HEIs) (Loi et al., 2023; Maheshwari et al., 2023; Nájera-
Sánchez et al., 2022). HEIs provide a critical environment for fostering EI, as education equips individuals
with the skills, knowledge, and attitudes necessary for entrepreneurial action. Historically, well-educated
individuals have shown greater success in creating and sustaining ventures (Nabi et al., 2018). Students at
HEIs, being at formative career stages, are especially receptive to developing entrepreneurial mindsets (Saxena,
2021; Manimala & Thomas, 2017).

Several studies have identified factors influencing entrepreneurial intention among students (Liñán et al.,
2011; Maheshwari et al., 2023; Schlaegel & Koenig, 2014). The most prominent factors-attitude towards
entrepreneurship, subjective norms, and perceived behavioural control-are derived from Ajzen's (1991) Theory
of Planned Behaviour and are widely considered key predictors of entrepreneurial intention. Ajzen's framework
provides robust theoretical support for understanding how intentions are formed through the interaction of
these three antecedents (Maheshwari, 2023; Moriano et al., 2012).

In India, EI has been studied through cross-cultural comparisons (Moriano et al., 2012; Trivedi, 2017; Seth
et al., 2018; Olarewaju et al., 2022) and within HEIs, which dominate the literature. Some studies measure EI
levels among students (Mishra & Singh, 2022; Anwar et al., 2021; Jena, 2020; Tiwari et al., 2020), while
others examine the role of entrepreneurship education (Paray & Kumar, 2020; Anwar, 2021; Pandit et al.,
2018). Emerging themes include gender differences (Chaudhuri et al., 2022; Anwar, 2021; Srivastava &
Misra, 2017), disciplinary and regional variations (Jena, 2020; Mishra & Singh, 2022; Roy & Das, 2022;
Kumar et al., 2021; Vasumathi et al., 2023), social and sustainable entrepreneurship (Gupta & Matharu,
2022; Tiwari et al., 2020), and technology integration (Chatterjee et al., 2020; Aboobaker et al., 2023).

The Global Entrepreneurship Monitor (GEM) India report (2026) measures EI as the proportion of adults
(18-64) who intend to start a business within three years. This figure has fluctuated, exceeding 30% in 2019,
and currently stands at 25.6% for 2025-26. With growing support from HEIs and government initiatives,
India has emphasised student entrepreneurship in the last decade (Chhabra et al., 2021; Saxena, 2021). Yet,
eastern India remains underexplored. Kolkata, as a major metropolitan and educational hub, offers a valuable
context to address this gap.

Accordingly, this study seeks to examine, within the urban context of Kolkata, whether attitude towards
entrepreneurship (ATE), perceived behavioural control (PBC), and subjective norms (SN) affect entrepreneurial
intentions among students enrolled in undergraduate and postgraduate programs in commerce, business
administration, or management at specific higher education institutions. The study is particularly relevant for
institutions offering business and commerce programmes, as these students are exposed to entrepreneurship
courses as a part of their curriculum. Understanding the impact of these variables on entrepreneurial intention
can help stakeholders design targeted interventions to strengthen specific areas, thereby enhancing students'
overall entrepreneurial intention. In addition, the study investigates how the components of the Theory of
Planned Behaviour relate to entrepreneurial intentions, while also examining differences across gender and
family business background.

2. Review of select literature, theoretical framework and hypotheses development

2.1 Entrepreneurial Intention

Scholars have long sought to explain why only some individuals pursue entrepreneurship and what ignites
the entrepreneurial spark (Anwar et al., 2021; Loi et al., 2023). Early research emphasised traits, portraying
entrepreneurs as possessing enduring characteristics such as need for achievement (McClelland, 1961), locus
of control, risk-taking propensity, and tolerance for ambiguity (Brockhaus & Horwitz, 1986; Neck & Greene,
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2011). However, trait-based models produced mixed results (Sarasvathy & Venkataraman, 2010; Landström
et al., 2012) and limited explanatory power (Krueger et al., 2000; Liñán & Fayolle, 2015), prompting a shift
towards process and cognitive approaches (Landström et al., 2012). Entrepreneurship came to be seen as a
deliberate, intentional activity shaped by cognitive models of behaviour (Neck & Greene, 2011; Krueger et
al., 2000; Liñán & Fayolle, 2015).

Pioneering works by Shapero (1984) and Bird (1988) established entrepreneurial intention (EI) as a precursor
to behaviour. Shapero's Entrepreneurial Event Model and subsequent theories from social psychology, including
self-efficacy (Bandura, 1982) and Ajzen's (1991) Theory of Planned Behaviour (TPB), became central to EI
research (Krueger et al., 2000). Ajzen's framework, in particular, provided a cornerstone for understanding
how intentions form through attitude, subjective norms, and perceived behavioural control (Schlaegel &
Koenig, 2014). By the 1990s, intention-based models gained traction (Krueger et al., 2000), supported by
multidisciplinary approaches (Loi et al., 2023).

EI has since emerged as a crucial field of study (Donaldson et al., 2021; Loi et al., 2023), widely recognised
as the most vital predictor of entrepreneurial behaviour, which is volitional (Rauch & Hulsink, 2015) and
planned (Ajzen, 1991; Krueger et al., 2000). It is particularly useful where behaviour is atypical, deliberate,
not regularly observable, or subject to time lags (Krueger et al., 2000).

Operationalising EI remains important. Liñán & Fayolle (2015) highlighted definitional challenges, while
Bae et al. (2014) defined EI as an individual's inclination and commitment to pursue entrepreneurial activities,
such as starting a business. Among various frameworks, Ajzen's Theory of Planned Behaviour has emerged
as the dominant model in EI research (Schlaegel & Koenig, 2014).

2.2 Theory of Planned Behaviour (TPB)

The TPB, put forward by Ajzen (1991), is an extensively used model of human behaviour. It explains intentions
through three antecedents: attitude towards entrepreneurship, subjective norms, and perceived behavioural
control. TPB integrates psychological constructs such as attitudes, social norms, and self-efficacy, offering a
comprehensive framework for predicting entrepreneurial behaviour (Schlaegel & Koenig, 2014; Rauch &
Hulsink, 2015; Liñán & Fayolle, 2015). With its three predictive components, TPB is considered a robust
model for understanding entrepreneurial intention (Krueger et al., 2000) and extends the earlier Theory of
Reasoned Action (Ajzen & Fishbein, 1980).

Entrepreneurial intention acts as the immediate precursor of behaviour, mediating the relationship between
attitudinal constructs and actual entrepreneurial action (Fayolle et al., 2006; Krueger et al., 2000; Souitaris et
al., 2007). Exogenous factors, like education., personalities, characteristics, or role models influence behaviour
indirectly by shaping perceptions and attitudes, which in turn drive intentions (Krueger et al., 2000; Rauch &
Hulsink, 2015). These intentions serve as the catalyst for entrepreneurial behaviour (Souitaris et al., 2007).

2.3 Attitude Towards Entrepreneurship

The first component, attitude towards entrepreneurship (ATE), reflects perceptions of the desirability of
entrepreneurial behaviour. It captures an individual's preference for entrepreneurship over organisational
employment (Souitaris et al., 2007). ATE is influenced by beliefs and stored information in memory, shaping
perceptions of entrepreneurship as a viable career option (Ajzen, 1991; Fayolle et al., 2006). In essence, it
stems from the conviction that starting a business is a viable career alternative (Krueger et al., 2000; Rauch
& Hulsink, 2015).
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2.4 Subjective Norms

Subjective norms (SN) measures an individual's perceived social expectations from significant others-family,
peers, or friends-regarding entrepreneurial behaviour (Ajzen, 1991). They also capture an individual's
motivation to comply with these opinions (Krueger et al., 2000). SN thus represent perceived social pressure
(Liñán et al., 2011) or societal influence (Fayolle & Gailly, 2015). Positive perceptions from reference groups
can strengthen entrepreneurial intention (Krueger et al., 2000). However, empirical studies show that social
norms often exert a weaker influence on intentions in certain contexts (Ajzen, 1991), particularly among
individuals with proactive attitudes (Rauch & Hulsink, 2015). Despite this, most literature retains SN as a
key antecedent of entrepreneurial intention.

2.5 Perceived Behavioural Control

The final aspect of perceived behavioural control, or PBC, relates to how an individual perceives the ease or
difficulty of performing the behaviour or act as an entrepreneur and their confidence in their ability to carry
it out and sustain it (Fayolle et al., 2006). It arises from an individual's belief that becoming an entrepreneur
is a realistic possibility (Rauch & Hulsink, 2015; Zhao et al., 2005). It aligns with Bandura's (1987) concept
of self-efficacy, reflecting the perceived ability to execute tasks as an entrepreneur and is crucial for predicting
entrepreneurial intentions (Ajzen, 1991).PBC was clarified in TPB to account for the involuntary elements
that may be present in all behaviour (Ajzen, 1991; Zhao et al., 2005; Fayolle & Gailly, 2015).

2.6 Theory of Planned Behaviour Antecedents predicting Entrepreneurial Intention

The three antecedents-ATE, SN and PBC-are central to understanding entrepreneurial intention, as they
explain the psychological drivers of behaviour (Ajzen, 1991; Liñán & Chen, 2009). Intentions are strong
predictors of action, with attitudes consistently influencing intentions (Ajzen, 1991; Kim & Hunter, 1993;
Krueger et al., 2000). Depending on the behaviour and context, one or more antecedents may dominate
(Heuer & Liñán, 2013). A positive ATE is often crucial (Armitage & Conner, 2001), while SN shape perceptions
of approval from significant others, encouraging or discouraging entrepreneurial behaviour. PBC, closely
linked to self-efficacy (Bandura, 1987), strongly predicts entrepreneurial intention, as higher confidence
enhances the likelihood of undertaking entrepreneurial tasks (Armitage & Conner, 2001; Fayolle & Gailly,
2015). This leads to the exploration of the following hypotheses:

H1: Attitude towards entrepreneurship significantly influences entrepreneurial intention.

H2: Subjective norms significantly influence entrepreneurial intention.

H3: Perceived behavioural control significantly influences entrepreneurial intention.

This is illustrated in Figure 1 below.

2.7 Entrepreneurial Intention and grouping variables

Intentions represent the motivation to engage in behaviour, and the antecedents of the Theory of Planned
Behaviour (TPB) can be shaped by situational and demographic factors (Krueger et al., 2000; Fayolle &
Gailly, 2015; Rauch & Hulsink, 2015). Several studies highlight the role of demographics in the entrepreneurial
intention-TPB link, with gender shown to significantly influence entrepreneurial intention (Nguyen, 2018;
Smith et al., 2016; Wilson et al., 2007; Zhao et al., 2005). This study, therefore, examines whether gender
differences affect entrepreneurial intention through TPB antecedents.

Family background is another important factor, as an entrepreneurial family environment may either encourage
or discourage entrepreneurial intention (Nguyen, 2018; Georgescu & Herman, 2020). Accordingly, this study
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investigates whether entrepreneurial intention differs between students with and without a family business
background (Figure 1).

H4: EI through ATE, SN, and PBC, varies significantly between male and female students.

H5: EI through ATE, SN, and PBC varies significantly between students with or without family business
background.

Source: Author's own work

3. Methodology

3.1 Sample and data collection

This is a quantitative cross-sectional study, in which data were collected from students pursuing business-
related undergraduate and postgraduate programmes, such as those in commerce (Bachelor of Commerce/B.
Com and Master of Commerce/M. Com) and business studies, business administration, or management,
from select HEIs in Kolkata. The respondents were enrolled in the prominent state and private universities
and their affiliated colleges. Participants were informed about the research objectives and assured of the
anonymity and confidentiality of their responses, and their informed consent was obtained (Podsakoff et al.,
2003). A structured survey questionnaire, based on the Entrepreneurial Intention scale of Linan & Chen
(2009), was used to collect data, which was shared electronically. Data were collected from students across
all semesters using purposive and convenience sampling techniques. A total of 381 valid responses were
received. The distribution of students is shown in Table 1.

3.2 Measures and procedures

The questionnaire used empirically validated scales from existing literature. The scale developed by Liñán
and Chen (2009) was used to measure the three TPB components: Attitudes Toward Entrepreneurship (ATE),
Subjective Norms (SN), Perceived Behavioural Control (PBC), and Entrepreneurial Intention (EI). All four
constructs were measured using a five-point Likert scale.

The partial least squares-structural equation modelling (PLS-SEM) technique was employed, and SmartPLS4

Figure 1. The proposed research model
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software was used for data analysis, as per Hair et al. (2022). In recent years, this technique has been extensively
used in EI research for data analysis (Kaur & Chawla, 2024). The described constructs were measured as
reflective and prevalent in existing literature (Nowinski et al., 2019; Nguyen et al., 2022).

To analyse inferential statistics and moderation within a research model, this study employed multi-group
analysis (MGA) using partial least squares path modelling (PLSPM) option available with SmartPLS. When
group memberships are known, MGA enables researchers to test for differences between them across two
similar models (Hair et al., 2022). Before evaluating the MGA, measurement invariance was examined
through the MICOM (measurement invariance of the composite model) technique (Cheah et al., 2020; Henseler
et al., 2016).

4. Results

4.1 Details of demographic data

Table 1 provides a comprehensive view the demographic characteristics of the data collected.

Table 1. Details of demographic data collected

Variable Category Distribution Percentage (%) Total

Gender Male 64 17% 381

Female 317 83%

Family Business Background Yes 185 49% 381

No 196 51%

Source: Author's own work

As shown above, 381 valid respondents completed the survey. Among them, a substantial number of
respondents-83% were female and 17% were male. In terms of family business background, the data showed
parity: 49% had a family business background and 51%  did not.

4.2 Measurement model assessment

This process involves analyzing the outer model, including reliability and validity tests. To assess construct
reliability, Cronbach's Alpha and Composite Reliability (CR) are used; convergent validity is evaluated through
Average Variance Extracted (AVE) (Hair et al., 2019). Constructs are deemed reliable if composite reliability
exceeds 0.70, Cronbach's Alpha is above 0.60, and AVE is 0.5 or more (Hair et al., 2019). In this case, all
three factors surpass the threshold levels, as shown in Table 2, indicating the reliability of all four constructs:
ATE, SN, PBC, and EI.

Table 2. Construct Validity and Reliability

Constructs Cronbach's Composite Average

alpha reliability (CR) variance extracted (AVE)

ATE 0.898 0.904 0.710

PBC 0.859 0.868 0.637

SN 0.830 0.840 0.744

EI 0.939 0.940 0.767

Source: Generated from authors' own PLS-SEM results
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To assess Discriminant Validity, the Fornell-Larcker criterion is used. This criterion states that the square
root of each construct's AVE (highlighted for each construct in Table 3) should be greater than its correlation
with any other construct, thereby confirming discriminant validity (Fornell and Larcker, 1981).

To further assess discriminant validity, the HTMT (Heterotrait-Monotrait) ratios were examined. All ratios
were below the 0.90 threshold, ensuring the absence of multicollinearity (Hair et al., 2019), as demonstrated
in Table 3.

The data satisfied all outer model criteria, confirming adequate validity and reliability. This validation enabled
progression to inner- or structural-model analysis. Figure 2 presents the research model and PLS results,
displaying the path coefficients and outer loadings.

Table 3. Discriminant Validity

Fornell-Larcker Criterion

Constructs ATE EI PBC SN

ATE 0.842

EI 0.751 0.876

PBC 0.655 0.642 0.798

SN 0.553 0.491 0.556 0.862

Heterotrait-monotrait ratio (HTMT) - Matrix

Constructs ATE EI PBC SN

ATE

EI 0.811

PBC 0.725 0.702

SN 0.627 0.542 0.631

Source: Generated from Authors' Own PLS-SEM Results

Source: Generated from authors' own PLS-SEM results

Figure 2. SEM Model
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Figure 2 Measurement and Structural Model without Output as shown in SmartPLS4.0

4.3 Structural Model Assessment

Next, the structural model was analysed by initially studying the model-fit indicators. The SRMR value
(0.074) indicates an acceptable model fit, as it is below the 0.08 threshold. However, the NFI (0.831) indicates
a moderate fit, as it falls below the commonly accepted threshold of 0.90 to 1 for robust model fit (Hair et al.,
2019). This was followed by the Bootstrapping procedure, which allows testing the statistical significance of
various paths.

The results of bootstrapped hypothesis testing, including path coefficients, t-test values, and their significance,
are presented in Table 4. The table also includes remarks on the nature of the established causal relationships
between the constructs and analysis of effect sizes using f² values. Based on the significance, path coefficients,
and t-statistics, it can be concluded that ATE positively and significantly influences EI, followed by PBC,
which also has a significant impact. However, the direct impact of SN on EI is not significant. The ATE-EI
relationship emerges as the most impactful, with a large effect size (f² = 0.420), making it the most critical
predictor of EI, followed by PBC, with a medium effect size (f² = 0.081) that significantly contributes to
explaining EI variance. The role of SN in explaining EI variance is not significant or discernible in the given
context, and it has a small effect size (f² = 0.002).

Table 4. Path coefficients; Effect size and Hypotheses testing

List Path T P Effect Hypotheses &

coefficients statistics values size Remarks

f-square

ATE -> EI 0.566 11.337 0.000 0.420 H1 Supported;
Strong, positive, and
significant effect

PBC -> EI 0.250 5.321 0.000 0.081 H2 Supported;
Positive and significant
effect

SN -> EI 0.040 0.890 0.374 0.002 H3 Not Supported;
Non-significant

Source: Generated from Authors' Own Pls-Sem Results

An important metric for assessing the quality of the model is the Coefficient of Determination (R²). The R²
value for Entrepreneurial Intentions (EI) is 0.604, indicating that the model explains approximately 60.4% of
the variance in EI through the combined influence of ATE, SN, and PBC. The Q²predict value of 0.596,
calculated using PLSPredict in SmartPLS 4 (Hair et al., 2019), confirms that the model has predictive relevance
for the endogenous construct EI, indicating that the constructs ATE, SN, and PBC are reliable predictors of
EI. These values have been shown in Table 5.

Table 5. R-Square and Q2 predict values

Constructs R-square Q² predict

EI 0.604 0.596

Source: Generated from Authors' Own Pls-Sem Results
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4.4 Multi-Group Analysis (MGA)

To investigate the hypotheses H4 and H5, this study utilised the multi-group analysis (MGA) technique. The
MGA option in PLS-SEM allows testing whether predefined data groups (e.g., gender, family background)
differ significantly in their group-specific parameter estimates, including differences among TPB antecedents
across groups (Hair et al., 2022). It is a useful technique to examine differences in the structural relationships
among ATE, SN, PBC, and EI across groups defined by gender (male/female) and family business background
(yes/no). The MGA specifically focused on whether these paths vary significantly across groups, providing
insights into the effects of these demographic factors on relationships within the theoretical model. Before
conducting MGA, the measurement invariance of composite models (MICOM) procedure must be followed
(Hair et al., 2022; Cheah et al., 2020; Henseler et al., 2016).

The Measurement Invariance of Composite Models (MICOM) process was used to verify that the measurement
model was consistent across groups- gender and family business background (Cheah et al., 2020; Henseler et
al., 2016). This is shown in Table 6. The first step is Configural Invariance, which holds across all groups
(Gender and Family Background). Specifically, the mode of measurement, the structure of the constructs,
and the statements or indicators used to measure are equivalent across groups, indicating configural invariance,
which is the first condition for proceeding with MGA.

Next, the Compositional Invariance is checked, which assesses equality of means and variances from the
SmartPLS MICOM results. Compositional invariance is established across all groups for the given data
(Gender, Family Background) and all constructs (ATE, PBC, EI, SN). In case of both gender and family
background, partial invariance is established for all constructs-EI, ATE, PBC and SN, making it suitable to
proceed with the MGA bootstrapping procedure.

Table 6. Measurement invariance result using MGA permutation

                                                        Compositional Invariance

Comparison Construct Configural Original Permutation Partial

Groups Invariance correlation p value Invariance

established

Gender ATE Yes 1.000 0.652 Yes

PBC Yes 0.998 0.488 Yes

EI Yes 1.000 0.680 Yes

SN Yes 1.000 0.884 Yes

Family background ATE Yes 1.000 0.610 Yes

EI Yes 1.000 0.631 Yes

PBC Yes 1.000 0.823 Yes

SN Yes 0.995 0.101 Yes

Following the MICOM procedure, MGA bootstrapping was conducted to examine differences in path
coefficients across the two predefined groups. The first set of results concerns gender, in which the analysis
assessed whether the structural relationships among ATE, SN, PBC, and EI differ significantly between male
and female students.
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4.4.1 MGA Results for differences based on Gender

Table 7. Multiple Group Comparisons Based on Gender

Path Female Female Male Male Remarks Hypothesis

(βββββ) (p) (βββββ) (p) Conclusion

ATE 0.548 0.000 0.658 0.000 Significant for H4 supported partially,
→→→→→EI both groups with gender-specific

differences evident in the
PBC 0.270 0.000 0.148 0.085 Significant for relationships between ATE
→→→→→ EI females only and EI for both male and

female; PBC & EI path
SN 0.015 0.752 0.176 0.126 Not Significant being significant for
→→→→→EI for either group females; SN & EI path not

significant for both groups

Source: Generated from Authors' Own Pls-Sem Results

The connection between ATE and EI is significant for both male and female students, but the relationship is
somewhat stronger among male students, as indicated by the βββββ-values. PBC to EI is significant for females
but not for males, indicating a gender-specific influence of PBC on EI. The SN-EI path shows no significant
difference for either gender. Thus, H4 is only partially supported, as EI through ATE, SN, and PBC varies
across gender, and it affects EI through ATE and partially through PBC but not SN.

4.4.2 MGA Results for differences based on Family Business Background

The second set of results examines the structural relationships among ATE, SN, PBC, and EI and whether
they differ significantly between students with and without a family business background. This comparison
provides insights into how exposure to an entrepreneurial environment within the family may shape the
strength of these paths and influence overall entrepreneurial intention.

Table 8. Multiple Group Comparisons Based on Family Business Background

Path Family Family No Family No Family Hypothesis
Business Business Business Business Remarks Conclusion
(p)  (p) (βββββ) (p)

ATE 0.537 0.000 0.575 0.000 Significant H6 is supported
→→→→→EI for both partially, with

groups between ATE
and EI link being

PBC 0.279 0.000 0.224 0.001 significant both family
→→→→→EI for both business and

groups non-family business

SN 0.014 0.885 0.077 0.233 Not students; the PBC-
→→→→→EI Significant EI path is also equally

for either significant for both
group groups; the SN-EI path

is not significant
for either group.

Source: Generated from Authors' Own Pls-Sem Results
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Hypothesis H5 is partially supported, with the ATE-EI and PBC-EI link being significant across both groups.
The family business background significantly influences the relationship between PBC and EI, with students
from family businesses showing a slightly stronger association. The significance of ATE-EI is the same for
both groups, but the difference is small, with students without a family business background having a slightly
stronger relationship. SN do not significantly affect entrepreneurial intentions for either group.

5. Discussion

The objective of this study was to examine whether the entrepreneurial intentions (EI) of undergraduate and
postgraduate students in business-related programmes at select higher education institutions are directly
influenced by the three components of the Theory of Planned Behaviour (TPB): attitude towards
entrepreneurship (ATE), subjective norms (SN), and perceived behavioural control (PBC).

The findings are largely consistent with extant literature, which shows that attitudes are the most reliable
predictor of intentions (Ajzen, 1991; Krueger et al., 2000). However, as noted by Heuer & Liñán (2013),
situational context and behavioural characteristics can alter the relative strength of antecedents. In this study,
subjective norms were found to exert only a weak influence on EI, consistent with earlier findings (Ajzen,
1991; Heuer & Liñán, 2013; Rauch & Hulsink, 2015). Ajzen (1991) attributes this to the limited role of
social pressure in shaping entrepreneurial intention, particularly among proactive individuals who rely more
on self-belief and self-efficacy than external approval.

Group comparisons further enrich these insights. For gender, ATE significantly influenced EI among both
male and female students, though the effect was slightly stronger for males. PBC, reflecting self-efficacy,
was particularly significant for female students, aligning with prior findings that women's entrepreneurial
intentions are often shaped by confidence in their ability to perform entrepreneurial tasks (Wilson et al.,
2007). SN, however, showed no significant effect across gender, reinforcing its weaker role in predicting EI.

In the family business background, both ATE and PBC significantly influenced EI among students with and
without entrepreneurial family exposure, but the magnitude of these effects did not differ substantially between
groups. This suggests that while family background may provide exposure to entrepreneurial practices, it
does not necessarily alter the strength of attitudinal or control beliefs in shaping intention. Moreover, SN
again showed no significant relationship with EI, indicating that family business background does not enhance
the role of perceived social approval in entrepreneurial decision-making.

Overall, these results highlight the primacy of ATE and PBC in predicting EI, while SN remains comparatively
weak. They also suggest that demographic factors such as gender and family background influence the relative
strength of these antecedents, but do not fundamentally alter the underlying TPB framework.

6. Conclusion, Limitations and Future Implications

This study examined the impact of the three antecedents of the Theory of Planned Behaviour-attitude towards
entrepreneurship (ATE), subjective norms (SN), and perceived behavioural control (PBC)-on the
entrepreneurial intentions (EI) of undergraduate and postgraduate students in commerce and management
programmes at select higher education institutions in Kolkata. The findings highlight the significant role of
ATE and PBC in shaping EI, while SN exerts minimal influence. Gender analysis revealed that ATE
significantly impacts both male and female students, with a slightly stronger effect among males, whereas
PBC plays a more decisive role for females, reflecting the importance of self-efficacy in their entrepreneurial
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decision-making. Family business background showed limited overall significance, with PBC exerting a
slightly stronger influence among students with entrepreneurial family exposure, but no substantial differences
were observed in the effects of ATE or SN.

These results suggest that interventions aimed at strengthening entrepreneurial attitudes and self-efficacy are
likely to be more effective in fostering EI than those targeting social norms, which remain comparatively
weak predictors. For higher education institutions, this underscores the importance of designing curricula
and extracurricular activities that build confidence in entrepreneurial skills and reinforce positive attitudes
towards entrepreneurship.

This study, however, has limitations. First, it assumes that ATE, SN, and PBC independently influence EI,
without exploring potential interactions among them. Second, it is geographically limited to select institutions
in Kolkata and is cross-sectional, which may not reflect the diversity of students across India. Third, relying
on self-reported data can lead to potential biases. Finally, the sample predominantly includes students from
business and commerce programmes, restricting generalisability to other disciplines. Future studies could
improve by integrating qualitative methods, such as interviews or focus group discussions, to gain a deeper
understanding of the factors influencing EI.

Further studies should explore how ATE, SN, and PBC interact to influence EI, and include students from
diverse regions and academic fields to enhance generalisability. Longitudinal designs would allow tracking
changes in EI over time, while examining the impact of targeted interventions-such as entrepreneurship
education courses or extracurricular entrepreneurial activities-would provide practical insights. The New
Education Policy (2020), aligned with the Sustainable Development Goals and Global Entrepreneurship
Monitor recommendations, emphasises early entrepreneurship education to build skills, knowledge, and
attitudes. This policy context makes the exploration of EI in Indian higher education both timely and promising,
offering scope for impactful research and practice.
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1.  Introduction

Impulsiveness is a customer trait that shows his tendency to buy immediately, kinetically, unreflectively and
spontaneous. Consumers who do impulse buy experience an instantaneous desire that overpowers their feelings.
The primary characteristic of impulse buying is to purchase the product in the spur of the moment when
exposed to some stimulus without evaluating consequences of buying it.

Consumer emotional states significantly influence impulse buying. It is the emotional stability which regulates
the impulse behaviour of a person in all situations. People lose self-control and allow themselves to make
impulse buying because they thought such buy will make them feel happier. Thus, there is a relationship
between behavioural traits and impulsive buying activities.

For the past decade needs and wants and the shopping pattern of the Indian consumers has been changed
radically and impulsive buying behaviour has also become very conspicuous phenomenon in the Indian retail
markets. Construction of newer, bigger and technologically sophisticated shopping malls, supermarkets and
hypermarkets in India changed the shopping expectation and buying behaviour of Indian consumers. Shopping
has now become an enjoyable experience for middle class Indian consumers.

However, very few researches have been undertaken on the Indian consumers to assess the behavioural
factors that might elicit such activities.
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Thus, in this research the researchers aim to find how some of the select behavioural factors encouraging the
consumers to indulge into the impulsive purchase activities and to test the impact of those tempting factors
on the impulsive buying behaviour of Indian retail consumers.

2. Objective of the Study

In this study the main objectives are as follows :

1. To identify the major behavioural factors influencing consumers' impulsive food and grocery purchasing
activities in organized retail formats in Kolkata.

2. To find the impacts of the major behavioural factors influencing consumers' impulsive food and grocery
purchasing activities in organized retail formats in Kolkata.

3. Review of Literature

Behavioural factors of impulse purchasing represent the individual's inner cues and features that propel the
consumers to participate in impulse buying. In this study we reviewed the past literatures to find the behavioural
factors that affect impulse purchase behaviour, as discussed below.

3.1 Self- control failure

Willpower is the resolve to resist a certain want, and self-control is a manifestation of this quality. It is the
ability of an individual to control his/her feelings as well as behaviour when the individual come across any
kind of enticements and impulses. Recent advances in research in socio-consumer psychology have
recommended that self-control is a key component in the decision making. A purchasing impulse has a
tendency to upset the consumer's behavioral pattern Rook (1987). The individual is more probable to feel
out-of-control when purchasing impulsively rather than buying judiciously. Baumeister (2002) explained
connection between self-control failure and impulsive purchasing. Relationship between impulse purchasing
propensities and the common personality traits such as absence of self-control, anxiety response, and immersion
have also been indicated by Youn & Faber, (2000).

Self-control might also be considered as a resource.  A "limited resource" model of self-control has been
advocated by certain researchers, who view self-control as a limited resource (Baumeister et Al., 2018).
People have larger impulsive purchase demands when their resources for self-control are depleted, which
may result in an increase in impulsive purchasing activities (Zhang & Shrum, 2009). One way to describe
impulsive purchase is as a struggle involving the need to buy and the ability to avoid it (Hoch & Loewenstein,
1991).  Impulsive purchases may happen more often when a person's self-control reserves are depleted and
willpower is weak (Vohs & Faber, 2007). Previous research (Rook & Fisher, 1995; Dholakia et al., 2006;
Sengupta & Zhou, 2007; Sultan et al., 2012) has usually demonstrated that self-control has a large direct
influence on impulsive purchase activity.

3.2 Mood

An important factor in a customer's impulsivity is their emotional state; occasionally, people act irrationally
while trying to escape an unpleasant mood (Elliott, 1994). Customers felt better after making impulsive
purchases, according to research by Rook (1987) and Gardner and Rook (1988). When shoppers make
impulsive purchases, they are able to overcome unpleasant mood like sadness, annoyance, or boredom and
experience a sense of improvement (Gardner & Rook, 1988). When shoppers were asked to describe their
mood just before making an impulse purchase, Rook and Gardner (1993) found that the most common
answers they received were "pleasure," "carefree," and "excited." Sometimes, they have a tendency to do it
to make themselves feel better (Mick & Demoss, 1990). Research by Spies et al. (1997) probed into the
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relationship between shopping environment and mood state.  The research revealed that customers would
feel happier at a store with a pleasant atmosphere than one with a bad one. A study by Youn and Faber (2000)
revealed that impulsive purchasing is influenced by a few internal and exterior stimuli. Positive and negative
emotional states of the respondents are examples of internal cues. Internal cues were the emotions, moods,
and self-perceptions of the consumer. Hausman Angela (2000) found a correlation between the impulse
purchases made by individual customers and their needs to satisfy hedonic wants, such as those for novelty,
fun, and surprise. It was recommended by Sneath et al. (2009) that a depressed customer make impulsive
purchases to improve his mood. This study has similarities to those of Verplaken and Herabadi (2001), who
found that persons who wish to get away from low self-esteem, unpleasant emotions and moods, and negative
psychological evaluations are more prone to make impulsive purchases in order to accomplish so. Consumers
are driven to make impulsive purchases since they will feel good about themselves immediately (Hausman,
2000; Verplanken et al., 2005).  Customers' impulsiveness is determined by their personal condition or
mood, according to Beatty and Ferrell (1998). He tries to treat himself generously when he is feeling good,
which makes him more impulsive.

3.3 Emotions

According to research studies by Rook and Gardner (1993), Beatty and Ferrell (1998), Youn and Faber
(2000), and Hausman (2000), emotions play a major role in impulse purchase. Consumers buy products for
non-economic motives including enjoyment, dreams, socializing, and emotional fulfillment. These factors
will encourage consumers to overlook the drawbacks and unfavorable effects of making an impulsive purchase
(Hausman, 2000). Customers' in-store purchase intentions and spending patterns are primarily determined
by their emotions, according to research by Babin and Babin (2001). Customers' emotions are influenced by
the store's environment, which can cause them to make impulsive purchases, according to Xu (2007). Impulsive
purchases are caused by self-generated autistic stimuli such as the customer's thoughts and feelings, according
to Hirschman (1992). According to Heilman et al. (2002), coupons given at the store have an impact on
customers' moods, emotions, and psychological processing. According to Chang et al (2011), impulse purchases
are most likely to come from customers who feel positively about the retail atmosphere. Consumers who
frequently make impulsive purchases see themselves as emotionally invested more so than those who do not
(Weinberg and Wolfgang, 1982). According to Hoch & Loewenstein (1991); Thompson et al. (1990),
consumers with a propensity for making impulsive purchases struggle to reveal their opinions, become
emotionally drawn to the product, and show an interest in satisfying their needs right away. When it comes to
the potential drawbacks and adverse effects of their actions, they pay the least attention (Hoch & Loewenstein,
1991; Rook, 1987; O'Guinn & Faber, 1989).

3.4   Impulse Buying Tendency

The "degree to which an individual is likely to make unintended, immediate, and unreflective purchases"
refers to the inclination toward impulse buying (Jones et al., 2003).  It is a very consistent and stable feature
(Parsad et al., 2017) that can be used to predict impulse purchase activity (Ahn & Kwon, 2022; Stancu  &
Lähteenmäki, 2022). In particular, it encourages consumers to buy a variety of goods at the same time for
non-utilitarian purposes (Dawson & Kim, 2009). Impulsive purchase behavior is more common in people
with high levels of impulsive buying inclination than it is in people with lower levels of this trait (Jones et al.,
2003; Chih et al., 2012).

Researchers identified impulsive purchasing as a personality feature of consumers. The fundamental premise
of the study is that consumers vary in their inclination to purchase impulsively. IBT, according to Rook
(1987), will ascertain a person's inclination to make impulsive purchases. Furthermore, Beatty and Ferrell's
(1998) study looked at the idea that buying impulsivity is a unique personality feature that reflects a person's
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propensity to contemplate and act in a unique, recognizable manner. Extremely impulsive consumers are
more likely to react to spontaneous purchasing stimuli and to be receptive to novel purchasing concepts.
They are also more likely to be activated by being physically close to a desired product and to be driven
primarily by the product's emotional appeal as well as the need for instant gratification (Rook and Fisher
1995). As a result, individuals are more likely to react favorably to their purchasing urges and to experience
them more frequently and powerfully than other customers. According to Foroughi et al. (2011), there is a
strong and positive correlation between IBT and having fun when shopping, perusing the aisles, and making
impulsive purchases. Customers with a higher IBT are prone to be influenced by marketing stimuli, such as
commercials, visual components, or promotional gifts; as a result, they are more likely to browse in-store and
give in to impulsive buying inclinations more frequently (Youn & Faber, 2000). Thus, an analysis of the
influence of impulse buying inclination on impulse buying has been conducted.

4. Research Methodology

The positivist philosophical approach was used in this study.  In addition to the respondents' personal biases,
the external settings also had an impact on the collected data.

5. Hypothesis Formulation

According to Saratakos (1991), a hypothesis is "a tentative explanation of the research problem, a possible
outcome of the research, or an educated guess about the research outcome." The following assumptions are
put forth in light of the previously mentioned conceptual framework and literature review:

5.1 Research Hypotheses

H
1
: Shoppers' self-control failure (SSF) has a positive significant impact on Shoppers' Impulsive Purchasing

Activity (SIPA) in organized food and grocery retail stores of Kolkata city.

H
2
: Shoppers' Impulsive Buying Tendency (SIBT) has a positive significant impact on Shoppers' Impulsive

Purchasing Activity (SIPA) in organized food and grocery retail stores of Kolkata city.

H
3
: Shoppers' Emotional State (SES) has a positive significant impact on Shoppers' Impulsive Purchasing

Activity (SIPA) in organized food and grocery retail stores of Kolkata city.

5.2 Research Tools and Techniques

Surveys are employed as a research method in this work. In Kolkata, a survey was conducted with male and
female participants of various ages who purchase food and groceries from various organized retail
establishments.

A questionnaire was prepared to collect the data from the customers. The questionnaire's formation has been
made easier by the data acquired from the literature study and secondary sources. There are two components
to the survey questionnaire. The primary purpose of the first section was to gather consumer demographic
data. The second section of the questionnaire consists of several statements designed to pinpoint the behavioural
aspect related problems causing the respondents' impulsive purchasing behaviour. The respondents' answers
are gathered using a five-point Likert scale. Two hundred and sixteen (216) customers correctly completed
the questionnaire and returned it filled out. Therefore, our analysis will be based on the 216 completely filled
up customer response.

5.3 Sampling Technique

In this study, the stratified random sampling approach is used. The populations under investigation in this
study are the customers who frequently purchases from Kolkata's organized retail spaces. The demographic
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characteristics separate the city's consumer base into many strata. The consumers' shopping times were taken
into account when sampling them.

6. Data Analysis and Findings

After gathering a significant amount of consumer data, the data was coded and altered to make analysis of the
data easier.  The coded data was analyzed using several statistical methods to verify the conjectures that were
developed. Analysis was carried out using the SPSS program. The gathered data was first analyzed using
frequency analysis. Next, the reliability of the questionnaire was analyzed using the Chronbach alpha value.
After that, an exploratory factor analysis was conducted to find the underlying latent constructs influencing
impulsive food and grocery buying behaviour of the consumers. Thereafter, a confirmatory factor analysis
was carried out the to test the relationship between the underlying constructs and also to confirm whether the
data fits a pre-defined model, evaluates construct validity, and determines if observed variables properly
measure underlying factors. After CFA, structural equation modeling was performed to test the hypotheses.

6.1 General Sample Descriptions

In order to accomplish the objectives of the study, primary data were presented in tabular form for general
sample description (Table 1)

Table 1. General Sample Description

Sl No Demographic Variable Levels Number Percentage

Age (in Years)    18-28 60 27.8

   29-39 68 31.5

   40-49 43 19.9

50-59 27 12.5

     60 and Above 18 8.3

Gender Male 103 47.7

Female 113 52.3

Marital Status Single 77 35.6

Married 70 32.4

Separated 18 8.3

Divorced 36 16.7

Widowed 15 6.9

Educational Up to class 8 21 9.7

Qualification Secondary 25 11.6

Higher Secondary 40 18.5

Graduate 66 30.6

Post Graduate and Above 64 29.6

Employment Managerial 43 19.9

Status Professional 52 24.1

Clerical 39 18.1
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Self Employed 34 15.7

Others 48 22.2

Monthly 20000 - 30000 33 15.3

Household 30001 -40000 39 18.1

Income (in Rs.) 40001 -50000 63 29.2

50001  - 60000 39 18.1

60001 and Above 42 19.4

Source:  Authors' own Compilation

6.2 Testing the Reliability of the Questionnaire

Cronbach's alpha tests how closely related a set of objects are to one another, or how internally consistent
they are. Most studies in social sciences considers alpha values of Cronbach's at least 0.6.

Table 2. Cronbach's Alpha

Cronbach's Alpha Number of Items

.877 17

Source:  Authors' own Compilation

The seventeen items' alpha coefficient is 0.877, which suggests that their level of internal consistency is
acceptable.

6.3 Exploratory Factor Analysis

Two hundred and twelve respondent responses were used in this study to carry out the exploratory factor
analysis. In order to facilitate easy interpretation of the results, the analysis is made simpler by reducing the
number of variables. The statements in the second section of the questionnaire were categorized under distinct
headings using the Exploratory Factor Analysis (EFA) applied to all of the items. Factors were produced by
employing Varimax rotation method and applying Principal Component Analysis (PCA).

K.M.O. Test of sample sufficiency:

From Table 3, it may be inferred that the sample size is sufficient for factor analysis because the K.M.O.
statistic value of 0.826 is significantly greater than the least requisite value 0.5.

Bartlett's Test of Sphericity:

From Table 3, it can be seen that 0.000 (< 0.05) is the level of significance for the Bartlett's Test of Sphericity.
Consequently, it is possible to reject the Null Hypothesis and it can be inferred that factor analysis can be
used for further analysis as the correlation matrix is considerably different from a unit matrix.

Table 3. KMO and Bartlett's Test

   Kaiser-Meyer-Olkin Measure of Sampling Adequacy .826

   Bartlett's Test of Sphericity Approx. Chi-Square 919.390

df 78

Sig. .000

   Source:  Authors' own Compilation
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Table 4 presents the total variances explained, and Figure 1 shows the Scree plot. From Table 4, it can be
found that the model's 58.649% of the variance can be explained by three factors. However, the scree-plot
(Figure 1) demonstrates that only three components with eigenvalues greater than one must be kept.

Table  4.  Total Variance Explained

 Compo           Initial Eigenvalues                        Extraction Sums of                                Rotation Sums of
nent                                                                   Squared Loadings                                 Squared Loadings

Total % of Cumulative Total % of Cumulative Total % of Cumulative

Variance % Variance % Variance  %

1 4.386 33.735 33.735 4.386 33.735 33.735 2.691 20.698 20.698

2 1.839 14.148 47.884 1.839 14.148 47.884 2.614 20.110 40.808

3 1.399 10.765 58.649 1.399 10.765 58.649 2.319 17.841 58.649

4 .832 6.402 65.051

5 .774 5.951 71.002

6 .674 5.186 76.188

7 .638 4.907 81.095

8 .517 3.979 85.073

9 .492 3.784 88.857

10 .442 3.396 92.253

11 .384 2.957 95.210

12 .377 2.898 98.108

13 .246 1.892 100.000

Extraction Method: Principal Component Analysis

Source:  Authors' own Compilation

Source: Authors' own simulation.
Figure 1. Scree Plot
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In the Scree plot, the component number is plotted against the eigenvalue. From Figure 1, it can be seen that
the line appears to be nearly flat after the third component, indicating that each subsequent component is only
contributing a decreasing percentage of the variation in total. Only principal components with eigenvalues
larger than 1 are taken into account in this case.

Rotated Component Matrix

To obtain a rotated component matrix that groups all twelve elements into three components, the Varimax
rotation method is applied. All the items with a factor score of more than 0.5 which is the accepted criterion
for analysis (Hair et al., 2006), were taken into considered for the analysis.

Component -

In Table 5, the primary components are extracted and are listed in the columns under the Component heading.
The components that have an eigenvalue larger than one are the three that were extracted, as can be seen from
Table 5. In this case, data reduction is accomplished through the use of component scores.

From total 5 items the comonent1 is constructed, from total 4 items the component 2 is constructed and from
total 4 items the component 3 is constructed.

Table 5. Rotated Component Matrix

           Statements                                                                                    Component

1 2 3

I purchase the grocery product if I feel it will suit my lifestyle .750

I make unplanned purchase during festive season because it changes my mood .743

I seek variety of grocery products in every purchase I do .705

I purchase grocery products depending on how I feel at that moment .662

When I feel emotionally low, I often buy more than needed to lift myself .652

I often purchase grocery products unexpectedly .875

It is mouthwatering to buy an attractive grocery product .822

I do not contemplate much about price while purchasing grocery products .786

Smell of the ready to eat food and grocery products entice me to purchase it .533

I often buy grocery products which I did not plan .802

I often end up spending more than initially intended to expend .782

Sometimes I feel like shopping grocery products on the spur of the moment .696

Freshness of the food and grocery products tempts me to purchase the product .628

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Source:  Authors' own Compilation
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Behavioural aspects related items are categorized into the following factors:

l Factor 1:  i) Purchasing during festive season, ii) Purchasing depending on momentary feeling, iii)
Variety seeking behaviour, iv) Purchasing complemented by lifestyle, v) Purchasing when emotionally
low

l Factor 1 ------------------------- Shoppers' Emotional State (SES)

l Factor 2:   i) Unexpected purchasing, ii) Mouthwatering purchasing, iii) Purchasing without contemplating
about price, iv)  Purchasing due to enticing smell

l Factor 2: ------------------------ Shoppers' Self-control Failure (SSF)

l Factor 3:   i) Purchasing because of product freshness, ii) Spending more than intended, iii) Shopping
on the spur of the moment, iv) Unplanned purchasing

l Factor 3: -------------------- Shoppers' Impulsive Buying Tendency  (SIBT)

6.4 Measurement Model

Measurement models are collections of observed data that illustrate how constructs or latent variables are
quantified and operationalized. They are a type of arrangement of measurement theory. According to Hair &
Anderson (2010), Confirmatory Factor Analysis (CFA) let the researchers decide on the relationship between
variable before proceeding for further analysis. After deleting the variables with low loadings, the main
solution-found using EFA-was applied to CFA. Four first-order constructs were found in the confirmatory
factor analysis model, and a minimum was attained. Every study parameter was realistic, with standard errors
falling within reasonable bounds (Table 6). The Table 7 shows that all goodness-of-fit indices were higher
than the suggested cutoff points (Browne and Cudeck 1993; Bagozzi and Yi 1988). The study model was
thus validated.

Table 6.  Regression Weights; (Default model)

             Relationship Estimate S.E. C.R. P

B8 <--- SIBT 1.000

B7 <--- SIBT .735 .102 7.230

B6 <--- SIBT .975 .119  8.182 ***

B5 <--- SIBT .746 .110 6.791 ***

B13 <--- SES 1.000

B12 <--- SES 1.783 .304 5.871

B11 <--- SES 1.636 .285 5.750 ***

B10 <--- SES 1.446 .271 5.330 ***

B9 <--- SES 1.670 .296 5.646 ***

B3 <--- SSF 1.000

B4 <--- SSF .758 .091 8.295 ***
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B2 <--- SSF 1.064 .101 10.512 ***

B1 <--- SSF 1.140 .102 11.148 ***

CBB1 <--- SIPA 1.000

CBB2 <--- SIPA  .929 .096 9.660 ***

CBB3 <--- SIPA .881 .097 9.062 ***

CBB4 <--- SIPA .973 .099 9.825 ***

Table 7.  Model fit Indices for Measurement Model

Sl Goodness of Obtained Acceptable Interpretation

No. Fit Index Value Threshold Value

1 CMIN 218.810
2 DF   (Degrees of Freedom) 113
3 CMIN/DF 1.936 Good if <3 Excellent
4 GFI (Goodness of Fit Index) .897 Range  0 -1, Acceptable

good if more
towards 1

5 IFI  (Incremental Fit Index) .921 Good if ≥0.90 Excellent
6 TLI (Tucker-Lewis Index) .903 Good if ≥ 0.90 Excellent
7 CFI (Comparative fit Index) .919 Good if ≥0.90 Excellent
8 RMSEA (Root Mean Square

Error of Approximation) .066 Good if < 0.08 Excellent
9 PClose .024 Good if  > 0.05 Acceptable

Source: Authors' own Compilation Source: Hair et al, (2010)

Figure 2. Confirmatory Factor Analysis (Standardized Estimates)
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Convergent and Discriminant Validity

The Construct Validity of measurement constructs must be ensured. Construct Validity is ensured with the
help of Convergent and Discriminant Validity (Hair et al., 2010).  In the present research, Convergent Validity
was checked by reviewing Average Variance Extracted (AVE) and Composite Reliability (CR) as suggested
by Hair et al., (2010).

Table 8 makes it abundantly clear that all the Composite Reliability values are higher than the necessary 0.70
threshold.  In addition, the Average Variances Extracted (AVEs) in the case of all the study constructs were
all above the 0.50 level (Bagozzi and Yi 1988; Fomell and Larcker 1981) except for SIBT, thus indicating
high levels of convergence among the indicators in measuring their respective constructs.

Table 8. Convergent and Discriminant Validity

CR AVE MSV SIBT SES SSF SIPA

SIBT 0.745 0.425 0.328 0.652

SES 0.776 0.514 0.291 0.364*** 0.717

SSF 0.830 0.554 0.497 0.487*** 0.488*** 0.744

SIPA 0.810 0.516 0.497 0.573*** 0.540*** 0.705*** 0.718

Diagonal elements measure the square root values of AVE

* p < 0.050 , ** p < 0.010,  *** p < 0.001

Source:  Authors' own Compilation

To evaluate Discriminant Validity, the method recommended by Hair et al. (2010) and Fomell and Larcker
(1981) was used. In accordance with the protocol, the square root of the AVE must be more than the correlation
among the constructs and the AVE must be larger than the maximum shared variance (MSV). Table 8's lower
half entries correspond to the correlation coefficients, whereas the diagonal elements are the square roots of
AVE. Thus Table 8 shows that for the present investigation all of the AVEs are significantly higher than
MSVs. Additionally, the study constructs' inter-correlations are less than the square root of AVE. Thus, the
Discriminant Validity test was passed by the constructs.

6.5 Structural Equation Model

After the evaluation of the measurement model's validity, the structural model was tested by doing a SEM
analysis. After identifying the structural model, a minimum was attained. Every study parameter was realistic,
and the standard errors were within reasonable bounds. The Table 9 shows that every Model-fit index was
higher than the suggested threshold values (Browne and Cudeck 1993; Bagozzi and Yi 1988). The structural
model was therefore validated. Following the approval of the overall model fit, structural equation modeling
was used to test the hypotheses (Table 10). All of the predicted standardized path coefficients in a SEM
analysis have to be significant for the model to be considered fit overall.

Table 9. Model fit Indices for Structural Model

Sl Goodness of Obtained Acceptable Interpretation

No. Fit Index Value Threshold Value

1 CMIN 218.810
2 DF   (Degrees of Freedom) 113
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3 CMIN/DF 1.936 Good if <3 Excellent
4 GFI (Goodness of Fit Index) .897 Range  0 -1, good if

more towards 1 Acceptable
5 IFI  (Incremental Fit Index) .921 Good if ≥0.90 Excellent
6 TLI (Tucker-Lewis Index) .903 Good if ≥ 0.90 Excellent
7 CFI (Comparative fit Index) .919 Good if ≥0.90 Excellent
8 RMSEA (Root Mean Square

Error of Approximation) .066 Good if < 0.08 Excellent
9 PClose .024 Good if  > 0.05 Acceptable

Source: Authors' own Compilation Source: Hair et al, (2010)

Table 10. Summary of Path Analysis

Relationships Standardized Unstandardized S.E. C.R. p-value

Estimates Estimates

SIPA <--- SIBT .266 .293 .094 3.123 .002

SIPA <--- SES .213 .345 .139 2.481 .013

SIPA <--- SSF .471 .452 .090 5.034 ***

Source:  Authors' own Compilation

It is evident from the results of the first order Structural Equation Model, that

i) Shoppers' Self-control Failure (SSF) had positive significant impact on Impulsive Purchasing Activity of
the shoppers (βββββ = 0.452, p < 0.001);    and

ii) Shoppers' Impulsive Buying Tendency (SIBT) has a positive significant impact on the Impulsive Purchasing
Activity of the shoppers (βββββ = 0.293, p = 0.002)

iii) Shoppers' Emotional State (SES) has a positive significant impact on the Impulsive Purchasing Activity
of the shoppers (βββββ = 0.345, p = 0.013).

Thus, in this structural model, all of the proposed relationships are tested to be significant.

Figure 3.  Structural Equation Model
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7. Conclusion

According to EFA, three behavioral aspects stand out as being significant when it comes to buyers' impulsive
purchasing behavior. Factor 1 may be referred to as the Shoppers' Emotional State (SES) with five variables
loaded to it. In a similar vein, Factor 2, which has a loading of three variables, may be referred to as
Shoppers' Self-control Failure (SSF). With four variables fed onto it, Shoppers' Impulsive Buying Tendency
(SIBT) finally surfaced as factor 3.

An instrument's validation process requires the use of Confirmatory Factor Analysis. The resulting model is
tested after each variable is limited to load onto a single factor. The previously provided model fit indications
point to a strong model fit. The constructs revealed in EFA are validated by the confirmatory factor analysis
results along with the variables loaded under each of the constructs. A structural model has been suggested
and analysis has been done in light of the satisfactory findings of the validity and reliability tests.

From the results of SEM, it is found that all the major Model fit indicators are within acceptable limits and it
is also found that all of the three latent variables that have been identified with the help of exploratory factor
analysis, namely - Impulsive Buying Tendency (SIBT), Shoppers' Emotional State (SES) and Shoppers' Self-
control Failure (SSF) have significant impact on shoppers impulsive buying activities.

8. Managerial Implications

This study can be helpful to marketers and retailers in understanding the importance of behavioural aspects
and consequently the buying behavior of an individual. Behavioural characteristics of the shoppers are the
essential characteristic which influences socialization, attitude, and impulsive buying activities of the individual.

Consumers that have higher IBTs are more likely to be swayed by marketing stimuli like ads, graphic
elements, freebies, and so forth. Thus, when it comes to customers making impulsive purchases, store
atmosphere is crucial.

Window displays, promotional signage, floor merchandising need to used creatively as a method of exhibiting
store products as they are responsible for forming a crucial first imprint of the store in the mind of the
consumers, thereby increasing the probability of impulse purchasing.  Arrangements for soothing in-store
background music and attractive lighting inside the store have to be made by the floor managers.  Also, the
hygiene of the store needs to be maintained properly.

Different non product attributes also influence the consumers to purchase impulsively. Thus, the product
managers need to give proper importance on packaging of the product. The aesthetics and colour schemes of
the packages should be done in such a way to attract the consumers.

The pricing of the products impacts impulsive buying behaviour. Retail brand managers must be very careful
while formulating their pricing strategies. Penetration pricing, economic pricing and value based pricing
methods need to be applied appropriately depending on the nature of the products. Also discounts on product
prices should also be given on different festivals in order to increase the usage of the products. Managers
need to explore different types of discounts schemes such as - buy one get one free, price bundling, seasonal
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discounts, referral discounts etc. in order to enhance the likelihood of impulse buying tendency of the
consumers.

9. Limitations and Avenues for Future Research

The purpose of this study was to evaluate how the shoppers' behaviors affected their propensity for impulsive
purchases. In light of this, there is room for additional methodological part improvements. The influence on
impulsive shopping behaviors may vary depending on the location, culture, and socioeconomic background.
These characteristics can be used as moderating factors in further research to gain really helpful insights. The
state capital of West Bengal, Kolkata, served as the site for this investigation. As a result, care must be taken
while extrapolating the findings to the whole Indian market. Furthermore, since Indian consumers can now
easily access the internet, longitudinal studies have a lot of potential because internet usage will eventually
influence attitudes and preferences.
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1. Introduction

The rollout of the Goods and Services Tax (GST) in July 2017 marked a watershed moment in India's fiscal
history. By replacing a patchwork of central and state levies with a unified, destination-based tax, GST
sought to dismantle the inefficiencies of the earlier regime and create a seamless national market. While the
reform promised transparency and efficiency, its real-world application revealed a complex set of challenges-
particularly for service-heavy industries such as banking.

The banking sector, contributing nearly 7.7% to India's GDP, occupies a unique position at the crossroads of
financial intermediation and regulatory compliance. With its extensive branch networks, diverse service
portfolios, and reliance on both digital and physical infrastructure, banks became one of the most visible
testing grounds for GST's impact. The transition from a 15% service tax to an 18% GST not only altered cost
structures but also reshaped compliance obligations, inter-branch taxation, and customer-facing processes.

For scholars, regulators, and practitioners alike, the banking sector's experience under GST offers valuable
insights into how large service industries adapt to sweeping fiscal reforms. This study therefore undertakes a
critical review of existing literature, tracing the evolution of GST's impact on banking from its inception to
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recent reforms. By synthesizing recurring themes, highlighting contradictions, and identifying gaps, the paper
aims to provide a roadmap for future inquiry into taxation, technology, and sectoral competitiveness.

2. Objectives

l To critically examine the operational, financial, and regulatory implications of GST implementation
within the Indian banking sector, as reported across existing literature.

l To synthesize recurring patterns, thematic consistencies, and conflicting findings among scholarly studies
on GST's impact on banking services.

l To identify unresolved issues and underexplored areas in current research, thereby proposing informed
directions for future scholarly inquiry.

3. Rationale for the Study

In line with these objectives, the report identifies important research needs in addition to summarizing previous
findings. These include the limited empirical analysis of long term effects on customer service and profitability,
insufficient comparative perspectives across public and private banks and NBFCs, unresolved taxation
ambiguities, and the underexplored role of technology in compliance. Identifying these gaps ensures that the
objectives of examining implications, synthesizing patterns, and proposing future directions are meaningfully
addressed.

4. Methodology

This article employs a qualitative meta-analysis of 25+ studies, including descriptive, exploratory, and empirical
research. Sources include journal articles, case studies, and government reports. Comparative tables and
thematic coding were used to extract patterns across time and geography.

4.1 Data Sources

Peer-reviewed journals and online repositories (e.g., IJRPR, IJCRT, IJRTE, AIJRA).

Official publications and technical guides by bodies such as the ICAI.

Major financial news portals and banking sector reports.

Web sources for ongoing reforms, practical case studies, and sector-specific analyses.

Analytical focus is maintained on banking sector-specific developments, though relevant NBFC and pan-
service sector impacts are briefly integrated for comparative context.

5. Phases of Research in GST-Banking Studies

Research on GST's implications on banking has been catetorised in three broad phases :

a) Early explorations (2015-2017): Initial studies, such as Jain (2015), welcomed the input tax credit
mechanism but cautioned against the heavy compliance burden and the need for meticulous record-
keeping. Kotnal (2017) further emphasized operational hurdles, particularly multi-state registration and
place-of-supply rules, which complicated banking transactions.
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b) Descriptive analyses (2018-2019): Scholars during this period shifted focus to administrative and
customer-facing consequences. Revathi et al. (2018) and Kaur et al. (2018) noted rising service costs
and mounting compliance strain. Comparative insights from Murphy (2017-18) on Australia revealed
that GST-style levies could even harm economic performance. Meanwhile, Meena (2018) and Kamruddin
& Misab (2018) highlighted IT system disruptions and procedural inefficiencies, while Paul et al. (2019)
and Rathod & Anjesh (2019) documented customer dissatisfaction with higher tax rates.

c) Empirical and regional studies (2020-2024): More recent work has adopted data-driven approaches.
Dhingra (2021) demonstrated statistically that GST raised customer costs and compliance inefficiencies.
Regional case studies by Shetty et al. (2022) and Prija & Asha (2022) used chi-square and Garrett
ranking techniques to capture localized effects. When comparing public and private banks using
profitability ratios, Nagaprakash & Saranya (2023) found different financial results. Although their
study was restricted to Hyderabad, Sravani & Poornachandrika (2024) most recently used regression
and correlation analysis to find a substantial association between GST reforms and consumer satisfaction.

When taken as a whole, these stages show a path from theoretical optimism to real-world difficulties and
ultimately to complex empirical discoveries. GST has unquestionably simplified India's tax system, but its
effects on banking are still complex.

6. Literature Survey

6.1 Impact on Banking Sector

Jain, S. (2015) his study was among the first attempts to comprehend how GST might change banking
and other financial services in India. She investigated fee-based and fund-based services using secondary
data and a descriptive methodology. The study revealed a stark contradiction: although the input tax
credit (ITC) provision was perceived as a beneficial innovation that might lessen cascading taxes, the
need to keep different sets of records and the growing costs associated with compliance were recognized
as major disadvantages. Despite being mostly explanatory, her work laid the groundwork for later
conversations on striking a balance between administrative load and efficiency.

Dr. Kotnal, J.  (2017) in his article, "Banking Sector in India; A More Focused Area Under GST",
offered a qualitative exploration of GST's operational and compliance challenges. Drawing on the
Model GST Law and practical examples, he analyzed key variables such as tax rates, place-of-supply
rules, multi-state registration, and the classification of taxable versus exempt transactions. His findings
pointed to increased compliance costs, restructuring of accounting systems, and taxation of inter-branch
transactions as major hurdles. Importantly, Kotnal noted the absence of empirical data on long-term
impacts like customer service delivery and profitability, identifying a critical research gap that future
scholars would need to address.

Revathi, R. et al. (2018) they conducted a descriptive study based on secondary sources, focusing on
how GST affected banking operations. They examined factors such as deposit growth, registration
procedures, interstate branch transactions, and charges on banking activities. Their findings revealed
that administrative requirements had become more complex and burdensome, service costs were rising,
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and inter-state transactions were now subject to GST. The study underscored how compliance under
the new regime was becoming increasingly hectic for banks.

Kaur, B. et al. (2018) their team analyzed GST's structure and its implications for the banking sector.
Their descriptive research, based on government papers, books, and journals, highlighted both benefits
and challenges. On the positive side, GST was seen as promoting transparency, reducing tax evasion,
and enabling ITC claims. On the negative side, however, the requirement to register and maintain
records for numerous branches created significant operational strain. Their work reflected the mixed
reality of GST: a reform that promised efficiency but demanded heavy administrative effort.

Murphy, C. (2017-2018) his study provided an international perspective by examining GST's impact
on Australian banking. Using explanatory methods supported by tables, charts, and the CGETAX model,
he assessed different tax reform options. His findings showed that while an economic rents tax caused
minimal harm, full GST taxation imposed moderate harm, and the major bank levy resulted in
considerable economic damage. This comparative analysis highlighted how similar reforms could have
varying consequences depending on the context, offering lessons for India's banking sector.

Meena G. (2018) her exploratory research focused on the operational challenges GST created for
Indian banks. Without relying on test statistics, she examined issues in administration, accounts, and
registration. Her conclusions emphasized that banks would face significant problems in handling business
transactions, customer profiles, and IT systems. The study argued that GST compliance required banks
to overhaul both front-end and back-end operations, making IT systems more vigilant and adaptive.
Meena's work highlighted the scale of transformation needed for banks to align with GST requirements.

Kamruddin, S. & Misab, P.T (2018) they approached GST as both a disruptive challenge and a
potential driver of reform. Their descriptive study noted that banks, given their diverse operations and
large scale, would face compliance difficulties under the new regime. Yet, they also argued that GST
could eventually streamline taxation and make processes faster and more complete. The authors
emphasized that banks would need to reevaluate their operations, transactions, and compliance systems,
facing obstacles but also opportunities for exponential growth.

Savithri, B. & Harini, V. (2018) Savithri and Harini examined GST's impact on banking through a
descriptive and exploratory lens. Their study acknowledged that the reform simplified India's indirect
tax system and offered benefits such as unified taxation and easier ITC claims. However, they also
pointed out that the increase in service tax rates made customers uncomfortable. Their analysis reflected
the dual nature of GST: while it eliminated inefficiencies of the old system, it introduced new costs that
directly affected customer satisfaction.

Kulkarni, P.G. & Baskaran, S. (2018) Kulkarni and Baskaran studied administrative and service-
related issues under GST, relying on secondary data. They concluded that financial transactions became
slightly more expensive for customers, while banks faced higher compliance costs due to branch
registration and inter-branch taxation. Despite these challenges, they argued that GST was a necessary
reform aimed at simplifying India's tax system and promoting growth. The modest cost increase, they
suggested, should be seen as a trade-off for long-term efficiency and sustainability.

Azhagan, C.T. & Kanmani, A. (2019) their descriptive study emphasized the scale of restructuring
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required in banking after GST's implementation. They argued that transactions, operations, registration,
accounting, and compliance all needed to be redesigned to fit the new framework. While acknowledging
that financial services became slightly more expensive, they framed this as a necessary price for a more
efficient future. Their work reinforced the idea that GST was not just a tax reform but a structural
transformation for the banking sector.

Paul, P. et al. (2019) they examined GST's impact on the Indian banking sector with the aim of
quantifying changes, identifying challenges, and weighing the benefits against the drawbacks. Their
exploratory study relied on secondary data rather than statistical testing. They found that while GST
introduced additional costs-particularly through interstate taxation and mandatory registration-it also
promised long-term improvements by unifying the tax system and reducing inefficiencies. The authors
concluded that although banks faced short-term discomfort, the reform was designed to eliminate
inconsistencies and strengthen the overall taxation framework.

Rathod, V.G. & Anjesh, H.L. (2019) they adopted a descriptive approach, drawing on books, journals,
and prior studies to analyze GST's effects on banking. They argued that GST was a difficult but necessary
reform aimed at promoting sustainable banking. Their findings emphasized that while GST addressed
many shortcomings of the previous tax system, its introduction created widespread challenges across
industries. In banking specifically, the increase in service tax to 18% raised costs for customers, making
them less comfortable with financial services. The study highlighted both the systemic importance of
GST and its immediate strain on end users.

Puri, L.D. (2020) the way that GST changed banking services was the main focus of this descriptive
and explanatory study. He came to the conclusion that while GST decreased inefficiencies, it also
increased customer expenses based on secondary evidence. Mandatory registration requirements resulted
in increased costs for banks in particular. His findings supported the notion that the Goods and Services
Tax (GST) was a dual-purpose legislation that increased operational responsibilities while streamlined
taxation.

Dr. Dhingra, G.  (2021) his study, "A Study on Goods & Service Tax & Its Impact on Indian Banking
Sector", combined qualitative and quantitative methods to provide a comprehensive view. By comparing
pre- and post-GST periods, he showed how the increase in tax rates from 15% to 18% affected consumer
expenses and banking service usage. His analysis covered transactions, loans, insurance premiums,
compliance duties, and operational costs. While acknowledging that GST streamlined taxation, Dhingra
highlighted inefficiencies in compliance, particularly due to state-wise registrations and inter-branch
taxation. He also identified a research gap: the lack of long-term studies on customer retention and
banks' ability to adapt to evolving GST rules.

Shetty, S.K. et al. (2022) they conducted an empirical study in Mangalore City, combining surveys of
55 respondents with secondary data. They analyzed administrative variables such as transparency,
double taxation, service improvisation, GSTN portal satisfaction, manpower issues, and documentation.
Using chi-square tests, t-tests, and ANOVA, they found that GST had limited impact on profitability
but significantly affected inter-state branch transactions. Their research also revealed that the GST
system required more manpower and financial resources to function effectively, underscoring the
operational strain on banks.
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Prija, P.J. & Asha, P. (2022) they carried out a case study in Nagercoil Town, focusing on the challenges
banks faced after GST's introduction. Their descriptive research used secondary sources and convenience
sampling of 140 respondents. Employing Garrett ranking and weighted averages, they concluded that
GST posed serious difficulties for sustainable banking. While the reform applied uniformly across
goods and services, its implementation was described as "dangerous and difficult," reflecting the heavy
compliance burden and operational disruptions experienced by banks in the region.

Abhirami, K.S. et al. (2023) they investigated GST's effects in Kerala's Thrikkakra region. Using
questionnaires with 50 employees and secondary sources, they adopted a descriptive and explanatory
approach. Their findings showed that inter-state branch transactions were now taxable, creating new
challenges. However, they also noted that GST generated significant revenue for the banking industry.
Over time, banks adapted to the changes, and operations began to run more smoothly. The study
highlighted the sector's resilience and gradual adjustment to the new tax regime.

Nagaprakash, T. & Saranya, A. (2023) they compared public and private banks using profitability
ratios to assess GST's impact. Their descriptive study relied on secondary data and correlation analysis,
covering five years before and after GST's introduction. Ratios such as ROA, ROE, NIM, NPM, and
ER were used to measure performance. They found that public sector banks needed proactive strategies
to improve efficiency and profitability compared to private banks. The authors recommended cost
management and operational optimization to enhance competitiveness in the post-GST era.

Sravani, V.S. & Poornachandrika, T.S.  (2024) they conducted a mixed-methods study in Hyderabad,
focusing on banking operations, employee perceptions, and customer satisfaction. Using interviews,
questionnaires, and statistical tools like chi-square, regression, and correlation analysis, they found
strong links between GST reforms and customer satisfaction (R² = 0.859, r = 0.904). Their study
revealed that GST improved transparency and ITC benefits but also increased compliance costs and
complicated inter-branch transactions. While the findings were significant, the authors acknowledged
the limitation of studying only one city, suggesting the need for broader regional and international
comparisons.

Jain, D. [CA] Chartered Accountant Jain provided a descriptive analysis of GST's implications for
banking, comparing the new regime with the earlier service tax system. He discussed taxation changes,
compliance obligations, and the impact on services such as interest income, brokerage, account
maintenance, and forex transactions. Key findings included the shift from centralized to state-wise
registration, the potential taxation of interest income, and the liability of RBI services under GST.
While banks faced heavier compliance burdens, they also benefited from ITC claims on assets like
computers and imported ATMs. Jain identified several research gaps, including ambiguity around interest
income taxation, the need for empirical validation of compliance costs versus ITC benefits, and the
absence of comparative international studies.

6.2 Impact on other Service Sector

Giddaiah, R. [2017] In his article "Impact of GST on the Financial Sector in India - A Review",
Giddaiah explored how GST reshaped the banking and financial services industry. His qualitative,
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descriptive study focused on compliance requirements, taxation changes, and operational restructuring.
He highlighted that state-wise registrations and taxation of inter-branch services significantly increased
compliance costs for banks. Revised tax rates also raised the cost of banking services, placing a heavier
burden on customers. On the positive side, input tax credit (ITC) provided some relief by offsetting
part of these expenses. However, the study left several questions unanswered: it did not examine long-
term implications for financial inclusion, shifts in consumer behavior, or changes in competitiveness
within the banking industry. The absence of quantitative analysis further limited the ability to measure
GST's financial impact empirically, pointing to the need for deeper, data-driven research.

Samudre, M.M. & Gramopadhye, R.V. [2018] Samudre and Gramopadhye's paper "Impact of GST
on Service Sector of India" analyzed GST's broader effects across multiple service industries. Using
secondary sources such as journals, newspapers, and magazines, they adopted an explanatory approach
without statistical testing. Their findings showed that GST raised the service tax rate from 15% to 18%,
increasing costs for both consumers and businesses. While healthcare services were exempt and IT
services minimally affected, other areas like CBLO (Collateralized Borrowing and Lending Obligation)
faced notable cost implications. The authors argued that GST could positively influence GDP growth
and employment in the long run, but they also emphasized challenges such as multi-state registration
and compliance obligations. They identified important research gaps, including the absence of
longitudinal studies, limited quantitative validation, and insufficient focus on micro-level differences
between small and large enterprises. These gaps highlight the need for more nuanced investigations
into GST's sectoral impact.

Kumar, R. [2022] Kumar's article in the Journal of Critical Reviews, "Goods and Services Tax Impact
in Service Sector", offered an exploratory analysis of GST's structure and implications. Drawing on
government reports and scholarly articles, he examined GST rates, ITC mechanisms, and sector-specific
impacts across industries such as railways, aviation, banking, media, and tourism. His findings suggested
that GST simplified India's indirect tax system and improved credit flow through ITC, but higher tax
rates increased service costs. The study also noted revenue losses in major service sectors during the
COVID-19 pandemic. Kumar highlighted India's adoption of a dual GST model, similar to Canada's,
but pointed out gaps such as the lack of centralized registration for service providers, limited empirical
validation, and insufficient sector-specific quantitative analysis. He recommended more data-driven
studies to capture GST's nuanced effects on India's service economy.

Varalakshmi, P. [2022] Varalakshmi's case study "Impact of Goods and Services Tax (GST) on Hotel
Industry - A Case Study of Chittoor District in Andhra Pradesh" examined GST's effects on the hospitality
sector. She examined policy papers, compared the pre- and post-GST tax regimes using descriptive and
historical methodologies, and used statistical tools like growth rate analysis, ANOVA, and chi-square
testing. According to her research, GST increased compliance, decreased cascading levies, and
rationalized the tax system. Remarkably, 71.98% of hoteliers said that GST was superior to the old
system. The Chittoor hotel industry benefited from the reform, which also increased tourism and
occupancy rates. The study did, however, admit many shortcomings, including the lack of long-term
profitability assessments, the inability to compare results with other districts, and the restricted assessment
of stakeholder awareness of GST. These gaps point to the necessity for more comprehensive and
comparative studies.
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Idicula, R. [2023] In "Impact of GST on the Hospitality Sector in Kerala", Idicula conducted a
descriptive and analytical study using multi-stage sampling across 303 hotels and surveys of 262
customers. Statistical tools such as ANOVA, t-tests, and chi-square tests were applied to examine variables
including service metrics, refund issues, compliance costs, pricing, and customer perceptions. The
findings revealed that GST enhanced transparency but raised operational costs, leading to dissatisfaction
among hotel owners, particularly due to refund delays. Customer responses varied by hotel category:
demand fell in premium hotels, remained steady in budget segments, and dissatisfaction was highest
among five-star properties due to higher GST rates. The study identified several limitations, including
lack of data beyond 2021, limited regional comparisons, absence of psychographic segmentation, and
insufficient causal analysis of demand elasticity. These gaps highlight the need for more nuanced and
qualitative research into how GST affects hospitality demand and service adaptation.

Deeksha, G. [2024] Deeksha's study "Analysis & Impact of GST in the BFSI Sector" investigated
GST's effects on banking, financial services, and insurance. She investigated compliance changes,
financial restructuring, pricing tactics, and technology adoption using a mixed-method approach that
incorporated surveys with secondary data. According to her research, GST significantly influenced
pricing and finance strategies, promoted more investment in digital infrastructure, and changed
compliance procedures. She did point out some significant study gaps, though, including a lack of
empirical data on long-term performance, a lack of investigation of sectoral adaptations, and a lack of
examination of post-GST technology developments. The study came to the conclusion that although
GST had changed the BFSI industry, further in-depth, data-driven research was required to fully
comprehend its long-term effects.

7. Sectoral Reflections on GST Implementation

The literature review uncovers a number of common themes which demonstrate the strengths and weaknesses
of GST reforms in the banking sector. Introduction of GST was a game changer in India's tax system. The
benefit of Input Tax Credit (ITC) was well accepted as a positive step in the direction of reducing cascading
taxes. However, this benefit was nullified by the hike in the service tax from 15% to 18% which directly
increased the cost of banking services and added to the financial burden on consumers.

GST was also rolled out as a measure to simplify tax administration with the imposition of a common set of
rules and procedures. This gave a sense of structure but in reality, things were far more intricate. Multi-state
registration was an issue for banks, the compliance cost, and filing multiple returns. These challenges made
the demands and resource needs of day-to-day activities even greater, particularly for institutions with extensive
branch networks.

The other big theme was technological change necessitated by the implementation of GST. This reform
forced banks to implement digital infrastructure and systemic modernization, impacting the processing and
reporting of taxes. This transition did not come without huge IT upgrades and complex data management
systems, however. For many institutions the transition was difficult, as they had to cope with the extra demands
of having to acquire sophisticated technology and adapt constantly.

Inter-branch transactions also came to the fore with the advent of GST. They were a source of new revenue
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on one side, and created a new level of complexity on the other side by introducing some transactions that
would now be subject to taxes. This was on top of the administrative burden and confusion over compliance,
thus adding to the complexity of the banking environment.

The picture with regards to the customer experience before the GST was mixed. In some instances, there was
an increase in transparency and satisfaction, but in others service charges were higher and thus caused
dissatisfaction. The system garnered mixed feedback from consumers, from positive reaction for the clarity
it offers to resentment over the additional costs.

Finally, comparative analysis showed differences in the adaptation of Public and Private Banks in the post-
GST era. Private banks were better equipped to adjust and remain profitable with their higher cost-control
mechanisms. However, the efficiency and cost management problem of the public sector banks and lack of
competitiveness in the new regime were a concern.

Overall, the changes to the GST were complex but also clear. They facilitated digital transformation and
pieced together an Indian tax regime that was outdated, costly, cumbersome, and not always successful with
the sectors. In the literature, the implementation of the GST is often portrayed as a tax reform that will make
taxation easier and create new challenges for banks and their customers.

8. Research Gap

The expanding body of research on GST and the banking sector still has some significant holes. First, there
aren't enough thorough studies using panel data at the branch level to properly illustrate the complex cost-
benefit ramifications of passing the GST. Second, research on the disparate impacts of GST on different bank
types is lacking, particularly when it comes to illustrating how rural cooperative banks might encounter
distinct challenges than commercial banks with an urban concentration. Third, there are still few comprehensive
empirical studies on the impact of GST on data privacy, IT security, and technology adoption, despite the fact
that it has accelerated the digital transformation of banking. Fourth, there is a lack of long-term studies that
monitor the behavioral effects on consumers, especially how perceptions of transparency and fairness shift
among urban, rural, digital-native, and senior citizen populations. Finally, given the rapid expansion of cross-
border digital banking and FinTech services, more research into the implications of GST for these emerging
models is important in order to understand the regulatory, operational, and customer-level effects of GST.

9. Discussion

The majority of scholarly research uses industry surveys, qualitative reviews, or secondary data. Sector-wide
empirical data is still difficult to get, and just a few studies use sophisticated econometric assessments of
banking performance before and after the GST. Procedural insights can be found in technical guides from
ICAI, CA forums, and Government white papers. Recent years have seen an increase in survey-based and
case study research, which is encouraging for future investigations.

There are several key ideas that stand out over the 10-year period of implementation of the GST. In the
beginning, it was a jolt, and the banks and consumers would have to cope with added costs, headaches, and
uncertainty in their operations. However, eventually, this short-term complication was overcome by long-
term benefits. The sector began to work towards greater efficiency, and staff throughout institutions became
more digitally literate, while transparency increased. An overarching pattern in literature is that the "shock to
adaptation" curve came to represent the transitional nature of the process which led to systemic improvement.
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Another major theme is the role of compliance in driving digital transformation. The necessity of meeting
GST's stringent requirements pushed banks to adopt new technologies, automate compliance processes, and
invest in digital infrastructure. This trend became especially pronounced after 2020, when the pandemic
accelerated the pace of digitalization across the financial sector.

Yet today, the administration and law remain impediments. Nevertheless, banks grapple with issues of input
tax credit allocation and applicability of GST, despite the rise in the number of regulatory clarifications. The
Goods and Services Tax Appellate Tribunal (GSTAT), set up in 2025, is expected to speed up the dispute
resolution process but its effectiveness will depend on its capacity to manage the volume of cases and on its
consistency of delivering decisions.

Some problems with the inverted duty structure have also been experienced. It is difficult for banks to cope
with working capital management and to timely receive ITC refunds where raw material/ services tax rates
are higher than the final product tax rates. This is particularly relevant for organisations expanding to offer
more fee-based services. These pressures are expected to be reduced by the 2025 reforms, but careful
monitoring of the implementation of the changes will be essential.

Finally, a large consensus in favour of rationalising the four-tiered GST regime to a two-tiered one and
excluding essential services such as insurance. This is considered as steps towards making the financial
system more cost effective, inclusive and retail credit. These are macroeconomic effects of GST reforms for
which there are a lot of changes.

10. Findings

The dramatic increase in compliance costs is one of the most recurring conclusions in the literature. With the
scrapping of centralized registration, every bank branch was made a separate taxable entity, which meant an
individual GST registration was filed in each operating state. Large banks with extensive networks were
hardest hit as they had to deal with multiple returns and submit ITC claims in multiple jurisdictions. As a
result, there were significant administrative overheads, a greater need for labor, and higher IT costs. Now the
state is responsible for adjudication, making litigation more complex and returns delayed.

The input tax credit concept though intended to reduce the inefficiencies has resulted in mixed effects in
banking industry. The benefit is smaller than that of other sectors as only 50% of the credits can be recovered
with the other 50% offset. In the case of centrally purchased services such as technology and consultancy, it
has been difficult to allocate the shared credits, while banks often find it difficult to claim ITC on charges that
do not follow the normal invoicing process. Despite the developments in the technology of computerized
reconciliation, underclaimed GST continues to have a negative impact on profitability and restrict investment
opportunities.

The most visible effect of the imposition of GST on the customers is an increase in the price of services.
Normal bank services like ATM withdrawals, lockers, cash handling, penalty fees etc. will be charged 18%
service tax now as against 15% earlier. Previous surveys showed some dissatisfaction and confusion, but
more recent surveys indicate awareness has grown, largely due to clear invoicing and electronic disclosures.
Those who are cost sensitive will benefit from the rationalization of GST rates in 2025, which reduced the
tax on some financial services and exempted certain financial products, enhancing their perceptions of fairness
and fostering inclusion.
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Within the framework of GST, the interbranch transactions have also become more complex. Taxable services,
like Internal Services (IT Support, Management etc.), will now require a break-out of services provided and
an invoice. These transactions have been difficult to reconcile, and since there are different interpretations
from jurisdiction to jurisdiction, a significant liability remains that may lead to litigation. ICAI and GST
Council have issued guidance in the form of practice notes but there is significant stress in the minds of
branch managers on compliance issues.

Digital compliance is no longer a requirement, it's an opportunity. Since 2020, banks have made substantial
investments in automated GST analytics, e-filing and e-invoicing. Banks, especially the larger ones, are
testing AI-based monitoring systems, while public sector and mid-sized banks are simply working to align
their systems with regulations. New legislation will speed up refunds and make compliance easier-promises
that encourage more digitalization-but which require continued investment and support.

Bank profitability trends showed signs of stabilization by 2023 following the first decline experienced after
the introduction of the GST, due largely to the positive effects of tax reform, improved ITC reconciliation,
and greater efficiency resulting from the digitization of compliance. Further improvement in bank performance
was achieved through increased loan demand. The 2025 forecast for lending was slightly negative due to new
reforms, while there are positive indicators for profitability in the service sector.

Moreover, there has been a direct relationship between the credit expansion and GST reforms, which has
resulted in increased demand for loans through consumer finance, housing, and automotive finance due to
the reduction of taxes on necessities and durable goods. Significant increases in credit demand of 8% to 10%
are anticipated by banks such as SBI and Indian Overseas Bank across both urban and rural markets resulting
from lower insurance premiums and increased consumer confidence, which together will serve as a stimulus
for increased financial expansion due to GST.

11. Conclusion

In the last decade, the Indian banking sector has seen substantial evolution due to the introduction of GST.
Banks have progressed in the right direction through multiple reform efforts, digital technology improvements
and rationalized rate setting, although the initial years faced obstacles such as operational issues, higher
levels of compliance and consumer reluctance to embrace change. While banks incurred more in compliance
costs than their nonbank counterparts, they have also led the way in terms of improvements to digitalization
and regulatory compliance throughout the sector.

2025 and beyond: As GST 2.0 cements streamlined rates, technology-driven compliance, and greater legal
clarity, prospects for banking sector efficiency, profitability, and customer inclusion look increasingly robust.
However, problems with ITC implementation, branch-level management, and conflict resolution require
continued policy focus and academic engagement. Future studies on micro-level effects, rural bank adaptation,
IT security, behavioral economics, and cross-border digital banking would be essential to sustaining the
positive momentum of GST-driven change in Indian banking.
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ABSTRACT

The ongoing evolution of power systems, driven by the large-scale adoption of renewable energy resources,

distributed generation technologies, and increasing electrification, has created a growing need for

advanced and intelligent energy management strategies (EMS). Artificial Intelligence (AI) has appeared

as an intriguing strategy to tackle these challenges by enabling data-driven analysis, predictive modelling

and intelligent control of energy systems. This paper reveals a strategic review of AI-based approaches

for sustainable energy management within modern smart grid infrastructures. Various AI methodologies,

including machine learning, deep learning, and reinforcement learning, are examined with respect to

their applications in load demand forecasting, renewable energy prediction, demand-side management,

microgrid control, and battery energy storage optimization. A comparative assessment of recent studies

demonstrates the significant advantages of AI-driven techniques in enhancing grid flexibility, improving

operational efficiency, and facilitating higher penetration of renewable energy sources. In addition, the

review highlights the importance of supporting technologies such as big data analytics, Internet of

Things (IoT) platforms, and cloud computing in enabling intelligent energy management frameworks.

Key challenges associated with AI deployment in energy systems, including data quality limitations,

cybersecurity concerns, model transparency, and computational requirements, are also discussed. Finally,

future research opportunities are outlined to aid in the growth of robust, intelligent, and sustainable

energy infrastructures. Overall, the findings indicate that AI-powered energy management systems have

considerable potential to improve forecasting performance, enhance system reliability, and optimize

operational efficiency in next-generation smart grids.

Keywords: Artificial Intelligence; Smart Grid; Energy Management Systems (EMS); Renewable Energy

Integration; Load Forecasting; Demand Response; Energy Storage Optimization
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1. Introduction

The global energy sector is undergoing a significant transition toward sustainable and low-carbon energy
systems. Increasing penetration of renewable energy resources, rapid growth of distributed energy generation,
and electrification of transportation have transformed the operational structure of modern power grids. Smart
grid technologies have emerged as a key solution for managing these complex energy systems by enabling
advanced monitoring, communication, and control capabilities. Nevertheless, since renewable energy sources
like solar and wind are sporadic and fluctuating, integrating them creates substantial amounts of uncertainty.
Traditional energy management approaches based on deterministic optimization methods often struggle to
effectively manage this complexity. Artificial Intelligence (AI) has come up as a promising technology for
addressing the threat associated with modern energy systems. AI techniques enable power systems to process
large volumes of operational data generated by smart meters, sensors, and distributed energy resources,
thereby supporting intelligent decision-making and real-time system optimization. Machine learning algorithms
are widely used for load forecasting, renewable energy prediction, and fault detection in power systems.
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Deep learning models have demonstrated superior performance in capturing nonlinear patterns in energy
consumption and generation data. Reinforcement learning techniques further enable autonomous decision-
making in dynamic environments such as microgrids and demand response systems.

Figure 1. illustrates the hierarchical classification of AI techniques including machine learning (ML), deep
learning (DL), and reinforcement learning (RL), Deep Reinforcement Learning (DRL) which form the
foundation of modern AI-driven energy management solutions. Machine learning techniques enable predictive
modeling, while deep learning architectures facilitate complex pattern recognition. Reinforcement learning
algorithms, on the other hand, enable autonomous decision-making through interaction with dynamic
environments.

Figure 1. Classification of Artificial Intelligence Technologies

In recent years, AI-based energy management systems have gained increasing attention due to their capacity
to boost renewable energy integration, optimise energy scheduling, and increase system resilience. These
systems intends advanced analysis and predictive modeling to enable intelligent control of generation,
transmission, distribution, and demand-side resources. Additionally, emerging digital technologies like IoT,
cloud computing, and big data analytics have further accelerated the evolution of AI-driven smart energy
infrastructures.

This paper provides a comprehensive review of Artificial Intelligence applications in sustainable energy
management. The main objectives of this study are to examine recent advancements in AI-based energy
management systems, analyze the importance of ML techniques in smart grid operations, and identify emerging
challenges and research opportunities in AI-enabled energy systems. Through a systematic analysis of recent
literature, this work highlights the potential of AI technologies to transform modern energy systems into
intelligent, adaptive, and sustainable infrastructures.

2. Literature Review

AI has gained significant attention in recent years as a powerful tool for addressing the growing complexity
of modern energy systems. Uncertainty, variability, and large-scale system management have become major
challenges as a result of the integration of dispersed generation, smart grid technology, and renewable energy
resources. Conventional optimisation and control techniques often struggle to manage these complexities
effectively. It reveals, AI-based approaches such as machine learning, deep learning, and reinforcement
learning have been increasingly adopted for sustainable energy management. Recent studies have demonstrated
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Machine learning approaches are increasingly being utilized in renewable energy forecasting and the
optimisation of energy systems. Reliable prediction of solar irradiance and wind power output is particularly
important for maintaining grid reliability and ensuring efficient energy scheduling. Numerous studies have
shown that machine learning models provide more accurate forecasting performance than conventional
statistical techniques, primarily due to their ability to capture complex and nonlinear relationships within

the growing importance of AI techniques in sustainable energy management. Several research works, presented
in Table 1, have focused on load forecasting, renewable energy prediction, and intelligent energy dispatch
strategies.

Table 1. Comparative analysis of different AI techniques applied to energy management

Ref Author / Year AI Technique Application Area Key Contribution

[1] Zhao et al., 2020 Machine Learning Renewable energy forecasting Demonstrated improved solar and wind
forecasting accuracy using AI-based models

[2] Liu et al., 2019 AI optimisation Renewable integration Case studies showing improved grid
stability with AI-based control

[3] Vázquez-Canteli & Nagy, 2019 Reinforcement Learning Demand response RL-based energy management reduced
electricity cost in smart buildings

[4] Mostafa et al., 2022 Machine Learning Smart grid energy management Applied big data analytics for renewable
integration in smart grids

[5] Zhou et al., 2021 Deep Learning Load forecasting LSTM models improved electricity
demand prediction accuracy

[6] Li et al., 2020 Deep Learning Power system fault detection Deep learning models improved
detection accuracy for grid faults

[7] Rahman et al., 2020 AI optimisation Microgrid control AI improved operational efficiency of
microgrid energy systems

[8] Kusiak, 2019 Machine Learning Wind energy optimisation AI models enhanced wind turbine
performance prediction

[9] Chen et al., 2024 Deep Reinforcement Learning Microgrid dispatch Proposed hierarchical DRL model for
optimal energy scheduling

[10] Jayaraj et al., 2024 Reinforcement Learning Islanded microgrid control RL improved dynamic control of
microgrid operation

[11] Alam et al., 2025 Machine Learning Smart grid optimisation AI-enabled monitoring and optimisation
of grid operations

[12] Xu et al., 2025 Reinforcement Learning Smart grid control Reviewed RL techniques for power flow
optimisation and load scheduling

[13] Banad et al., 2025 AI/ML hybrid models Smart grid management Integration of IoT, ML and digital twin
technologies for energy systems

[14] Singh et al., 2025 Multi-Agent DRL Demand response Blockchain-enabled RL framework for
real-time energy trading

[15] Waghmare et al., 2025 Reinforcement Learning Microgrid optimisation RL control methods for micro-grid
energy systems

[16] Ahmadi et al., 2026 AI-based optimisation Smart grid resilience Review of AI methods for real-time grid
management and fault detection

[17] Safari et al., 2024 Machine Learning Energy management systems AI improved system reliability and
predictive maintenance

[18] Bouquet et al., 2024 Deep Learning Solar energy forecasting AI models improved solar energy
prediction for smart grid planning

[19] Chowdhury et al., 2025 AI optimisation Urban energy systems AI strategies for energy uses &
forecasting and optimisation

[20] Khan et al., 2025 AI optimisation Renewable energy systems AI improves efficiency of energy use
and system sustainability

[21] Balamurugan et al., 2025 AI techniques Smart grid operations AI improves reliability and automation
in power systems

[22] Kouihi et al., 2025 AI-based energy management Smart grid optimisation AI improves energy distribution efficiency

[23] Antonesi et al., 2025 Transformer models Energy forecasting Advanced AI models for complex
energy system modelling

[24] Madani et al., 2025 Large Language Models Smart grid management LLM integration for adaptive
grid decision-making

[25] Pirie et al., 2024 Machine Learning Mini-grid energy management AI models improve renewable
energy management in rural grids
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Table 2. Key AI Applications in Energy Systems

Application Area AI Techniques Used Energy System Impact

Building Energy Management Reinforcement Learning, Reduced energy consumption
Neural Networks and improved HVAC control

Renewable Energy Forecasting Deep Learning, Improved prediction of solar
Time-series models and wind generation

Demand Response Reinforcement Learning, Peak load reduction and
Machine Learning electricity cost optimisation

Virtual Power Plants Multi-Agent Systems, Efficient coordination of
Predictive Analytics distributed resources

Battery Energy Storage Reinforcement Learning, Improved storage scheduling
Optimisation Algorithms and market participation

Power System Resilience Machine Learning, Early fault detection and
Deep Learning faster outage recovery

energy datasets [26]. However, despite the rapid progress in AI-enabled energy management solutions, several
challenges still limit their widespread deployment. Key concerns include the limited availability and quality
of training data, potential cybersecurity vulnerabilities associated with digitalized power infrastructures, the
lack of transparency in complex AI models, and the high computational requirements needed for training
advanced algorithms.   Furthermore, integrating AI algorithms with existing power system infrastructures
requires careful consideration to ensure reliability and secure operation. Nevertheless, ongoing advancements
in AI technologies and data analytics continue to expand the potential of intelligent energy management
systems. Overall, the literature indicates that AI-driven energy management systems significantly enhance
forecasting accuracy, operational efficiency, and system reliability in modern power grids. However, further
research is required to develop scalable, secure, and explainable AI models capable of supporting large-scale
sustainable energy systems.

3. Artificial Intelligence Techniques in Energy Management

Artificial intelligence encompasses a broad set of computational techniques designed to imitate human cognitive
processes including learning and thinking, and decision-making. In the purview of energy management, AI
algorithms enable intelligent control of energy resources and predictive analytics for system optimization.
The methods for machine learning, including support vector machines (SVM), decision trees, and random
forests have been widely applied in load forecasting and energy demand prediction. These techniques utilize
historical data to develop predictive models capable of estimating future energy consumption patterns.

Table 2 summarizes the key applications of artificial intelligence (AI) techniques in modern energy systems
and highlights their impact on improving system efficiency, reliability, and operational performance. The
table illustrates how different AI methodologies are applied across several critical domains of energy
management. In building energy management, techniques such as RL and neural networks are used to optimize
heating, ventilation, and air conditioning (HVAC) operations, leading to lower energy use while keeping
occupant's comfort. For renewable energy forecasting, deep learning and time-series models enable accurate
prediction of solar and wind power generation by analyzing historical weather and generation data, thereby
supporting reliable grid operation. In the area of demand response, reinforcement learning and machine
learning algorithms help manage electricity consumption patterns by encouraging consumers to adjust their
loads during peak demand periods, which leads to peak load reduction and lower electricity costs.
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Figure 2. Taxonomy of Artificial Intelligence Methods in Energy Systems

4. EMS Framework and AI applications in Smart Grids

Modern EMS are designed to coordinate multiple components within smart power systems including generation
units, storage devices, and consumer loads. Figure3 presents the overall classification of EMS functionalities
in smart power systems. On the utility side, EMS frameworks focus on load research, load shaping, and
operational monitoring to ensure efficient electricity distribution. AI algorithms assist utilities in analyzing
consumption patterns and optimizing load balancing strategies

Virtual power plants (VPPs) utilize multi-agent systems and predictive analytics to coordinate distributed
energy resources such as solar panels, wind turbines, and storage units, enabling them to operate collectively
and efficiently in electricity markets.

Similarly, battery energy storage systems employ reinforcement learning and optimization algorithms to
determine optimal charging and discharging schedules, improving energy arbitrage opportunities and
participation in energy markets. Finally, power system resilience benefits from machine learning and deep
learning techniques that analyze grid data to detect faults, predict equipment failures, and support faster
outage recovery. Overall, the applications presented in Table 2 demonstrate the transformative role of AI in
enabling intelligent, adaptive, and data-driven management of modern energy systems. Figure 2 represents
the taxonomy of artificial intelligence techniques applied in sustainable energy management. AI approaches
can be broadly categorised into machine learning, deep learning, and reinforcement learning. These techniques
enable several applications in modern power systems, including renewable energy forecasting, microgrid
optimisation, smart grid coordination, demand response management, and energy storage control.
Reinforcement learning represents another important AI paradigm in energy management. RL-based controllers
learn optimal policies through interactions with dynamic environments, enabling autonomous decision-making
in energy systems. The integration of these AI techniques into energy management systems has significantly
enhanced the efficiency and reliability of smart grid operations.
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Figure 3. Overall Classifications of Energy Management Systems in Smart Power Systems

The generation side involves generation planning, economic dispatch, and electricity price allocation. AI-
based predictive models are used to forecast renewable energy output and optimize generation schedules.
The demand side represents a critical component of modern EMS architectures. Demand response programs,
smart metering infrastructure, and distributed energy resources are integrated to improve grid flexibility.
Technologies such as battery energy storage systems, electric vehicles, and distributed generators enable
dynamic energy management strategies. AI-driven EMS platforms facilitate coordination among these
components by enabling predictive analytics, automated decision-making, and real-time control mechanisms.
AI technologies have been applied across multiple operational layers of smart grid infrastructures. In the
generation sector, AI algorithms are used for generator scheduling, renewable resource planning, and efficiency
optimization. Machine learning techniques enable accurate forecasting of renewable energy output, which is
essential for maintaining grid stability. In transmission systems, AI-driven tools assist in grid planning, loss
identification, and fault detection. Advanced anomaly detection algorithms can identify transmission line
faults and initiate corrective actions in real time. Energy Management Systems (EMS) play a crucial role in
coordinating generation resources, managing electricity demand, and optimizing grid operations. As illustrated
in Fig. 3, EMS frameworks typically operate across three key domains: the utility side, generation side, and
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demand side. AI technologies are increasingly deployed within these domains to support load forecasting,
generation planning, smart metering, demand response programs, and distributed generation management.
Distribution systems benefit from AI-based monitoring techniques that enable voltage optimization, equipment
health monitoring, and fault restoration. These capabilities significantly enhance the reliability of electricity
distribution networks. Demand-side management represents another important application area where AI
technologies support load forecasting, demand response programs, and dynamic pricing strategies.

5. Machine Learning Workflow in Energy Forecasting

AI-based forecasting models follow a structured development process involving data collection, model training,
parameter tuning, and performance evaluation. Figure 4 illustrates the typical workflow of machine learning
models used in energy forecasting. Historical datasets are divided into training and testing datasets. Learning
algorithms are applied to extract patterns from training data, and model parameters are optimized through
tuning procedures.

Figure 4. Workflow of forecasting using Artificial Intelligence

The trained models are then used to forecast energy demand or generation output. Performance metrics such
as Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and prediction accuracy are used to
evaluate the performance of forecasting models.

6. AI-Optimised Battery Energy Storage Systems

The integration of green energy sources into conventional electrical systems becomes feasible in a significant
way by incorporating energy storage devices. However, efficient management of battery storage requires
sophisticated optimisation techniques due to uncertain electricity prices, variable renewable generation, and
battery degradation characteristics. Artificial intelligence methods, particularly machine learning and
reinforcement learning, have been applied to optimise battery charging and discharging strategies. AI-based
control systems can analyse historical market prices, demand patterns, and renewable generation forecasts to
determine optimal operating schedules. One key application is energy arbitrage, where batteries store electricity
during low-price periods and discharge during high-price periods. AI algorithms improve arbitrage strategies
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by predicting future price fluctuations more accurately than conventional forecasting methods. AI has also
been used to improve battery health management. Machine learning models can estimate battery state-of-
charge and state-of-health with higher accuracy, enabling optimal utilisation while preventing degradation.
Additionally, AI-driven battery management systems can support grid services, including frequency regulation,
peak shaving, and renewable energy smoothing. These services improve overall grid stability while increasing
the economic value of energy storage systems.

7. Results and Discussion

The efficacy of various machine learning algorithms used for short-term load forecasting inside the energy
management system is assessed in this section. The models were developed using historical electricity demand
data, and their forecasting accuracy was assessed using two commonly adopted performance indicators:
Mean Absolute Error (MAE) and Root Mean Square Error (RMSE).

These evaluation metrics measure the difference between the predicted load values produced by the models
and the corresponding actual load observations. Figure 5 presents a visual comparison between the measured
load values and the forecasted outputs generated by the trained models. The plot indicates that the predicted
load trend closely aligns with the actual load variations across the dataset, suggesting that the models are
capable of effectively capturing the underlying patterns in electricity demand behavior. Although small
deviations can be observed at certain sample points, the overall prediction trend remains consistent with the
actual load variations. This indicates that the machine learning models successfully capture the underlying
patterns in electricity demand data.

Figure 5. Graphical representation of Forecasted Load vs Actual Load

To quantitatively evaluate the forecasting accuracy, five machine learning models were tested, including
Gradient Boosting, Linear Regression, Random Forest, K-Nearest Neighbors (KNN), and Decision Tree
algorithms. Table 3 summarizes the performance of these models in terms of MAE and RMSE values. The
results indicate that the Gradient Boosting model achieved the best performance, with the lowest MAE value
of 2.381952% and RMSE value of 3.028949%. This suggests that Gradient Boosting provides the most
accurate predictions among the tested models. The superior performance of this model can be attributed to its
ensemble learning approach, which combines multiple weak learners to improve predictive accuracy and
reduce model bias. The Linear Regression model also performed well, achieving an MAE of 2.592721% and
RMSE of 3.153108%. Despite being a simple statistical model, it demonstrated reasonable forecasting
capability for the given dataset. Similarly, the Random Forest model, another ensemble learning method,
produced competitive results with an MAE of 2.520256% and RMSE of 3.184522%. This model effectively
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Overall, the comparative analysis demonstrates that ensemble learning methods such as Gradient Boosting
and Random Forest provide superior performance for load forecasting tasks in energy management systems.
These models effectively capture complex nonlinear relationships in electricity demand data, enabling more
accurate predictions compared with traditional machine learning algorithms. Accurate load forecasting plays
a crucial role in smart grid operation, demand response programs, and optimal energy scheduling, thereby
improving the efficiency and reliability of modern energy management systems.

8. Conclusion

Artificial Intelligence has become a key enabling technology for transforming modern power systems into
intelligent and sustainable energy networks. This review examined the role of AI techniques including machine
learning, deep learning, and reinforcement learning in addressing the challenges associated with renewable
energy integration, smart grid management, and energy optimization. The analysis demonstrates that AI-
based energy management systems significantly improve forecasting accuracy, operational efficiency, and
grid reliability compared with conventional optimization approaches. The study highlighted several important
application areas including load forecasting, renewable energy prediction, demand response programs,
microgrid optimization, and battery energy storage management. AI-driven predictive analytics and automated
control strategies enable efficient coordination of distributed energy resources, which is essential for
maintaining stability in modern smart grids. Furthermore, the integration of enabling technologies such as
big data analytics, Internet of Things (IoT), and cloud computing has accelerated the development of intelligent
energy management platforms. Despite these advancements, several challenges remain in the deployment of
AI-based energy management systems. Issues related to data availability, cybersecurity risks, computational
complexity, and model interpretability must be addressed to ensure reliable and secure operation of AI-
driven smart grids. Future research should focus on developing explainable AI models, hybrid optimization
frameworks, and scalable AI architectures capable of supporting large-scale energy systems.

Overall, the continued development of artificial intelligence technologies will play a crucial role in enabling
resilient, efficient, and sustainable energy infrastructures that support global decarbonization and energy
transition goals.

9. Challenges and Future Research Directions

Despite the promising benefits of AI technologies in energy management, several challenges remain. One

Table 3. Comparison of error metrices for various machine learning techniques applied

Sl No. ML Model MAE (%) RMSE (%)

1 Gradient Boosting 2.381952 3.028949

2 Linear Regression 2.592721 3.153108

3 Random Forest 2.520256 3.184522

4 KNN 2.518556 3.282102

5 Decision Tree 3.350278 4.125928

captures nonlinear relationships within the dataset through multiple decision trees.  The K-Nearest Neighbors
(KNN) model also produced acceptable results with an MAE of 2.518556% and RMSE of 3.282102%.
However, its performance was slightly lower than that of Gradient Boosting and Random Forest due to its
dependence on local data patterns and sensitivity to feature scaling. Among the evaluated models, the Decision
Tree model exhibited the lowest forecasting accuracy, with an MAE of 3.350278% and RMSE of 4.125928%.
This relatively higher error rate may result from the model's tendency to overfit training data, leading to
reduced generalization capability when applied to unseen test data.
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major challenge is the availability and quality of energy data required for training AI models. In many regions,
energy datasets are incomplete or inconsistent, which limits the effectiveness of data-driven algorithms.
Another challenge involves cybersecurity risks associated with AI-enabled smart grid infrastructures. As
power systems become increasingly digitized, they become more vulnerable to cyber attacks targeting data
integrity and system control mechanisms. Computational complexity also represents a challenge for large-
scale AI applications in energy systems. Advanced deep learning models require significant computational
resources, which may limit their deployment in real-time grid operations. Future research should focus on
developing explainable AI models that improve transparency in decision-making processes. Additionally,
hybrid AI frameworks combining optimization techniques with machine learning models may further enhance
energy system performance.
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ABSTRACT

Reducing regional disparities is crucial for achieving Universal Health Coverage in India. The sub-

state level variations in service delivery, disease burden and financial protection are not well documented

in West Bengal.

The purpose of this study is to create a District-level composite index for comparing the performance of

health systems and estimating regional variations in coverage, service capacity, and financial protection

by districts in West Bengal.

A composite index was developed based on the indicators at the district level and grouped into four

domains: reproductive, maternal, newborn and child health (RMNCH), infectious diseases, non-

communicable diseases (NCD) and service capacity and access, as well as financial protection indicators.

Indicators were rescaled using the min-max approach with the reverse approach used for negative

indicators (e.g. out-of-pocket expenditure). Scores for each district were calculated based on the average

values of normalized indicators, and then aggregated into an overall composite score for each district.

The composite index values were used to categorize districts on performance.

There were considerable inter-district differences with the composite index ranging from about 0.32 to

0.71. High performing districts were Birbhum, Jalpaiguri, Darjeeling, South 24 Parganas and Cooch

Behar while Purba Medinipur, Paschim Barddhman, Hooghly, Purulia and Paschim Medinipur were

among the poor performing districts. Disparities in service capacity, the level of RMNCH coverage,

NCD management, and financial protection were substantial drivers of disparities at the district level.

High OOP and low insurance coverage were identified as a significant aspect of financial protection,

contributing to inequality.

There was a significant inter-district variation in composite index scores which ranged from 0.32 to

0.71. The top-performing districts were Birbhum, Jalpaiguri, Darjeeling, South 24 Parganas and Cooch

Behar while the worst districts were Purba Medinipur, Paschim Bardhaman, Hooghly, Purulia and

Paschim Medinipur. The most heterogeneity was found in the areas of financial protection and service

capacity, which are likely to be major contributors to district-level inequality. One of the factors that

contribute to inequality is financial protection, specifically linked to high OOP and low insurance

coverage. The results for the northern and deltaic districts were better than the western districts.

The outcome shows that there are considerable differences in performance of health systems at the

district level across West Bengal. Increasing service capacity, improving RMNCH use, strengthening

NCD services, and strengthening financial protection mechanisms is a must to address inequities and

accelerate progress towards UHC.

Keywords: Universal health coverage; Composite index; Health inequality; District-level analysis;

West Bengal
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1. Introduction

Universal health Coverage (UHC) has become a key goal of health systems around the globe and is a critical
part of Sustainable Development Goal (SDG) 3.8. UHC aims to provide everyone with access to care they
need, including health promotion, disease prevention, treatment, rehabilitation and palliative care, without
facing financial hardship. Service coverage and financial risk protection are the two major indicators of
progress towards UHC recommended by the World Health Organization (WHO) and the World Bank. While
much has been done around the world to incr ease access to basic health care services, progress has been
uneven both within and across countries. National averages can mask having very different levels of health
service access across the country, including socioeconomic inequalities in health service access, use, quality,
and financial protection, resulting in less equitable health outcomes and progress towards UHC.

Significant efforts have been made to enhance the health system in India with several major policy initiatives
like the National Health Mission (NHM), Ayushman Bharat, scaling up primary healthcare services programme,
and the involvement of public resources in maternal and child health programme. The reforms have resulted
in better institutional deliveries, immunisation coverage, control of communicable diseases and some health
outcomes. Despite this, there remain deep disparities between states and districts due to variations in
socioeconomic conditions, demographic, health systems, work force availability, governance capacity, and
financial protection systems. Research using the National Family Health Survey (NFHS), the Health
Management Information System (HMIS) and NITI Aayog Health Index has consistently shown that the
benefits of health have not been even across the country. Therefore, concluding that the health system is
effective based on data from the national or state level level may mask significant local variation that needs
to be focused on in policy action.

Assessment at the district level is gaining importance in India's decentralised health system where planning,
implementation and resource allocation is done largely at the district level. Globally, districts vary widely in
size, populations, disease burden, geographic accessibility, health system infrastructure, health care human
resources and socio-economic conditions which all affect health system performance. It helps to recognize
these differences in order to identify communities where services are not being delivered, target resources,
improve monitoring and oversight, and tailor interventions. These composite indices have become the preferred
means of summarising multidimensional health system performance, and are accepted as useful tools to
consolidate multiple indicators into a single summary measure that enables comparison between administrative
units. The WHO-World Bank monitoring of UHC also calls for multidimensional measurement, with service
coverage indicators and financial protection indicators, to get a comprehensive picture of health system
performance.

In the last one decade, West Bengal has made significant strides in various health outcomes such as enhancing
maternal and child health care services, advancing immunization rates, improving communicable disease
control, and increasing access to health services. There is, however, significant disparities in service availability,
distribution of health workers, burden of disease, utilization of services and financial risk protection between
districts. Focusing on individual programmes, health infrastructure, accessibility or selected health indicators,
the previous studies conducted in West Bengal have been mainly of this nature with district performance
generally being evaluated through a set of fragmented indicators rather than an integrated UHC framework.
Current evidence thus only brings a partial picture of regional inequalities and has limited capacity to account
for the synergies between service coverage, health system capacity and financial protection at the district
level with regard to health system performance. As a result, there is still a huge gap in evidence on overall
assessment of district level achievements on UHC in West Bengal.

To help fill this gap, the current research proposes a district-level composite indicator of health system
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performance based on indicators linked to WHO-World Bank expanded UHC monitoring framework. The
index combines the five critical domains of Reproductive, Maternal, Newborn and Child Health (RMNCH),
infectious diseases, non-communicable diseases, service capacity and access, and financial protection to
assess health systems in the districts of West Bengal in a multidimensional way. The analysis of regional
disparities and ranking of district performance provide evidence-based information to inform planning for
equity, optimal resource allocation, and targeted policy interventions. The results will help the pertinent
literature on sub-national monitoring of UHC and offer helpful lessons for improving the district health
system in West Bengal, and for decentralized health systems in India.

2. Literature Review

2.1 Sub-national inequalities in Universal Health Coverage

There is a large literature documenting that there are often large sub-national variations in health system
performance as evidenced at the national and state level. Gwatkin et al. (2007) and Victora et al. (2012) have
shown that an increase in the overall level of health services coverage does not need to come at the cost of
reducing inequality across clusters of area or socioeconomic characteristics, and in fact, it can be done while
maintaining inequalities. Likewise, Balarajan et al. (2011) found income, geography, gender and social
disadvantage to be key factors in inequitable access to health services in LMICs. The results underscore the
value of exploring the performance of health systems at a subnational level to uncover populations that are
still unattained.

2.3 Evidence from India

The health service coverage and financial protection for health services as well as infrastructure varies
significantly across districts and states in India, as reflected in several national evaluations. The National
Family Health Survey (NFHS-5) results show that there is continuing inequity in access to maternal care at
the district level, along with low rates of vaccination, sanitation, and non-communicable diseases (IIPS &
ICF, 2021). There is also wide variation in the availability of health infrastructure, rural health workforce and
health services across the states and UTs as revealed by the NITI Aayog Health Index and the Rural Health
Statistics (NITI Aayog, 2021; MoHFW, 2022). In addition, despite recent policy efforts, OOP spending
remains high and constitutes a significant share of financing of health services, as shown by NHA.

2.4 Composite indices for assessing health system performance

The use of composite indices has gained widespread acceptance as a good measure for the performance of
multidimensional health systems. The WHO - World Bank monitoring framework for UHC combines indicators
of services coverage and financial protection for monitoring progress towards UHC (WHO and World Bank,
2023). Boerma et al. (2014) suggested a common framework for the periodic assessment of UHC at the
national and international level and Hogan et al. (2018) calculated the UHC Service Coverage Index based
on the availability and utilization of key health services. Global Burden of Disease (GBD) UHC Collaborators
went further in the development of the approaches; they came up with a good coverage index to compare
health systems across countries and over time. Moreover, Kruk et al. (2018) suggested that in addition to
expanding access to services, it was important that health systems would provide quality services that would
help achieve health outcomes if UHC were to be realized. This is in line with these methods, as has been
found to be the case with composite indices like NITI Aayog Health Index and the Primary Health Care
Performance Initiative (PHCPI) that have proven to be useful for monitoring performance, identifying gaps
and providing evidence for health planning.
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2.5 Evidence from West Bengal

There are also regional differences in access to health care within the state of West Bengal, as evidenced at
the district level. There was a marked disparity between different districts in terms of the quality and availability
of health care, as the infrastructure and socioeconomic status of the districts varied (Majumder et al., 2023).
On a more micro-level, Barman and Roy (2021) showed significant disparities in the availability of health
management facilities and services in the Block wise level of Cooch Behar, using composite index approach,
and Saha (2025) revealed that there is significant block-wise variation in health infrastructure, health manpower
dispersion and utilization of health services in Dakshin Dinajpur district. While these studies offer good
information on regional variations, these studies generally examine only one dimension of health care and
leave out a fuller measurement of the performance of the health system in the context of UHC.

2.6 Knowledge gap

However, integration of service coverage, health system capacity and financial protection at the district level
remains very sparse in West Bengal despite the growing focus on UHC. Previous studies tend to assess
individual programmes or infrastructure or selected health indicators and do not apply a multidimensional
assessment, using the WHO-World Bank framework of UHC. Given this, the present study constructs a
district level composite index using five domains (RMNCH, infectious diseases, non-communicable diseases,
service capacity/access, and financial protection) to come up with a comprehensive measure of health system
performance and regional inequalities in West Bengal.

3. Methods

3.1 Study design

This study is conducted with a cross sectional analytical design with secondary data at the district level,
which are used to analyze the variation in health system performance across West Bengal.

3.2 Data sources

Secondary data were gathered from various sources such as national representative surveys, administrative
reports and programme records. The key sources included were the National Family Health Survey (NFHS-
5), Rural Health Statistics, Health Management Information System (HMIS) and other relevant government
publications. Data at the district level were used for analysis, but only the most up to date and reliable data
available were used.

3.3  Indicator selection

A total of sixteen indicators were selected to construct the composite index, guided by the tracer framework
outlined in the World Health Organization-World Bank Tracking Universal Health Coverage: 2023 Global
Monitoring Report. The selection aimed to capture key dimensions of UHC, including service coverage,
health outcomes, system capacity, and financial protection.

Indicators were chosen based on three criteria: (i) relevance to the UHC framework, (ii) availability and
consistency of district-level data, and (iii) contextual suitability for West Bengal. The selected indicators
were grouped into five domains:

l Reproductive, Maternal, Newborn and Child Health (RMNCH)

l Infectious Diseases (ID)

l Non-Communicable Diseases (NCDs)
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l Service Capacity and Access

l Financial Protection

This classification was intended to provide a balanced and multidimensional assessment of district-level
health system performance. The domain specific indicators are presented in Table 1

Table 1. The Domain specific Indication

Domain Indicator Type

Reproductive, maternal, new Any modern method Positive
born and child health (RMNCH) 4 antenatal care visits Positive

Children received 3 doses of Penta or DPT vaccine Positive
Children with fever or symptoms of ARI taken to a
health facility or health provider Positive

Infectious diseases (ID) TB patients put on treatment Positive
ART Coverage of HIV PW Positive
 Improved sanitation facility Positive
 Improved drinking-water source Positive

Non-communicable diseases Diabetes among Adults (age 15 years
(NCD) and above)Blood sugar level - high or

very high (>140 mg/dl) or taking medicine
to control blood sugar level Negative
Hypertension among Adults (age 15 years and above)-
Elevated blood pressure (Systolic ≥140 mm of Hg and/or
Diastolic ≥90 mm of Hg) or taking medicine to control
blood pressure Negative
Non use of Tobacco  among Adults
(age 15 years and above) Positive

Service capacity and access Funtional Delivery points ( Public Health) Positive
Hospital bed density ( Public Health)
( Bed / 10000 population) Positive
Health worker density   (HW/10000 Pop) Positive

Financial protection Average out-of-pocket expenditure per delivery
in a public health facility (Rs.) Negative
Households with any usual member covered
under a health insurance/financing scheme Positive

3.4 Normalization and Index Construction

Indicators were normalized using min-max scaling:

Positive indicators:

[(X_i - X_{min}) / (X_{max} - X_{min})]

Negative indicators:

[(X_{max} - X_i) / (X_{max} - X_{min})]

Domain scores were calculated as arithmetic means of constituent indicators. The overall composite index
was computed as the mean of the domain scores.
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3.5 District classification

Based on composite index scores, districts were classified into three categories-high, medium, and low
performance. Classification thresholds were determined using a distribution-based approach to facilitate
relative comparison across districts.

3.6 Statistical Analysis

To improve analytical rigor, the study assessed:

l Rank-order district comparisons and classification

l Mean, standard deviation, and range of composite index score

l Coefficient of variation (CV) to evaluate relative dispersion

l Domain wise performance

l Regional grouping analysis by administrative division

4. Results

4.1 District-level composite index of health system performance

District-level composite index of health system performance is presented in Table 2.

Table 2. District level Composite Index of Health System Performance

District Composite Index

Birbhum 0.71

Jalpaiguri 0.69

Darjeeling 0.66

South 24 Parganas 0.65

Coochbehar 0.63

Purba Bardhman 0.57

Maldah 0.57

Bankura 0.57

Uttar Dinajpur 0.56

Dakshin Dinajpur 0.55

Murshidabad 0.54

North 24 Parganas 0.53

Howrah 0.49

Kolkata 0.48

Nadia 0.48

Paschim Medinipur 0.45

Purulia 0.43

Hooghly 0.43

Paschim Bardhaman 0.40

Purba Medinipur 0.32
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The composite index indicated significant inter-district variation in overall health system performance
throughout West Bengal.

4.2 District classification based on composite index

Districts were classified into three performance categories based on composite index values:

l High-performing districts (≥0.60): Birbhum, Jalpaiguri, Darjeeling, South 24 Parganas, and Cooch Behar

l Moderate-performing districts (0.45-0.59): Majority of districts, showing mixed domain performance

l Low-performing districts (<0.45): Purba Medinipur, Paschim Bardhaman, Hooghly, Purulia, and Paschim
Medinipur

This classification highlights a group of districts that require priority attention.

Table 3. Descriptive Statistics of Composite Index

Mean SD Min Max Range CV

0.53 0.10 0.32 0.71 0.39 0.19

Table 3 presents the descriptive statistics of the composite index across districts. The composite index scores
across districts ranged from 0.32 to 0.71, with a mean of 0.53 and a standard deviation of 0.10, indicating a
moderate level of variation in health system performance across the state. The range of 0.39 suggests a
substantial gap between the highest- and lowest-performing districts, pointing to notable disparities in service
coverage, system capacity, and financial protection. Furthermore, the coefficient of variation (0.19) indicates
a moderate level of relative dispersion, suggesting noticeable but not extreme inequality in district-level
health system performance. Overall, these findings reflect significant inter-district inequality in health system
performance within West Bengal.

4.3 Domain-wise performance

Reproductive, maternal, newborn, and child health (RMNCH)

Districts that achieved higher composite scores demonstrated consistently superior performance in antenatal
care utilization, institutional deliveries, and child immunization coverage. In contrast, lower-performing
districts showed deficiencies in maternal service utilization and early childhood care indicators.

Infectious diseases

The performance in controlling infectious diseases was relatively consistent across districts, especially
regarding tuberculosis treatment and HIV service coverage. However, indicators related to sanitation exhibited
greater variability and contributed to the differences observed between districts.

Non-communicable diseases (NCDs)

The NCD sector exhibited significant disparities, especially regarding screening coverage and the management
of hypertension and diabetes. Districts that performed poorly in NCDs contributed disproportionately to
reduced overall com posite scores.

Service capacity and access

A considerable variation was noted in service capacity indicators, such as the availability of health workforce,
access to facilities, and service readiness. Districts with lower composite scores typically had less robust
infrastructure and limited human resource availability.
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Financial protection

Financial protection surfaced as a crucial differentiating factor. Districts with higher out-of-pocket expenses
for delivery care and lower insurance coverage recorded markedly lower composite scores. In contrast,
districts with enhanced insurance coverage and reduced financial burden exhibited superior overall
performance.

Table 4. Domain wise composite score across districts

Indicators RMNCHA ID NCD Service Financial

capacity and indicator

access

Bankura 0.44 0.74 0.47 0.48 0.70
Purba Medinipur 0.22 0.65 0.24 0.41 0.06
Purulia 0.13 0.50 0.48 0.38 0.66
Paschim Medinipur 0.38 0.70 0.41 0.45 0.31
Birbhum 0.81 0.79 0.67 0.39 0.88
Hooghly 0.46 0.86 0.43 0.25 0.14
Paschim Bardhaman 0.45 0.54 0.64 0.08 0.28
Purba Bardhman 0.58 0.63 0.63 0.22 0.79
Dakshin Dinajpur 0.61 0.72 0.52 0.43 0.49
Maldah 0.47 0.70 0.67 0.41 0.60
Murshidabad 0.61 0.72 0.61 0.30 0.48
Uttar Dinajpur 0.53 0.66 0.87 0.43 0.31
Darjeeling 0.76 0.48 0.85 0.70 0.51
Jalpaiguri 0.78 0.80 0.73 0.45 0.70
Coochbehar 0.50 0.93 0.67 0.37 0.67
Howrah 0.47 0.66 0.69 0.25 0.38
Kolkata 0.35 0.65 0.32 0.67 0.43
Nadia 0.47 0.90 0.44 0.38 0.19
North 24 Parganas 0.59 0.90 0.50 0.15 0.50
South 24 Parganas 0.60 0.85 0.68 0.40 0.71

Domain-wise analysis reveals uneven performance across districts, suggesting that disparities are not uniformly
distributed across components of the health system. While the infectious disease domain shows relatively
consistent and higher scores across most districts, greater variability is evident in RMNCH and NCD indicators.
More pronounced disparities are observed in service capacity and access, with substantial differences in
infrastructure and workforce availability across districts. The financial protection domain exhibits the widest
variation, with some districts showing very low coverage, indicating that financial risk protection remains a
key driver of overall inequality in health system performance.

The regional pattern is very clear from Table 5. There were a number of districts in the northern and delta
regions that did very well, and districts in the western belt that did consistently very poorly. This is a sign of
geographic variation of access to health facilities, infrastructure and financial protection.

The factors that cause variation will be identified.

The disparities found between districts can be attributed to three main factors:
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1.  Capability of the health services, including access to health staff and facilities

2. Services provided by RMNCH were utilized

3. Financial cover, particularly out-of-pocket costs and insurance cover

Districts that are underperforming generally display shortcomings in more than one of these areas.

4.4 Regional pattern of inequality

Table 5. Region wise composite index

Sl. No. Division Indicators Composite Index

1 Medinipur Bankura 0.57

14 Purba Medinipur 0.32

15 Purulia 0.43

20 Paschim Medinipur 0.45

2 Burdwan Birbhum 0.71

6 Hooghly 0.43

18 Paschim Bardhaman 0.40

19 Purba Bardhman 0.57

3 Malda Dakshin Dinajpur 0.55

10 Maldah 0.57

11 Murshidabad 0.54

17 Uttar Dinajpur 0.56

4 Jalpaiguri Division Darjeeling 0.66

7 Jalpaiguri 0.69

8 Coochbehar 0.63

5 Presidency Howrah 0.49

9 Kolkata 0.48

12 Nadia 0.48

13 North 24 Pgs 0.53

16 South 24 Pgs 0.65

4.5 Summary of findings

To sum up, the composite index shows that there is a considerable difference at the district level in terms of
performance of the health systems in West Bengal. While some districts are doing well in multiple areas, a
small number of districts still struggle with structural issues in service delivery, infrastructure and financial
protection.

The findings provide empirical support to inform targeted district-level planning and allocation of resources
to speed up progress in achieving UHC.
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5. Discussion

This research takes a closer look at how well the health system is working in different parts of West Bengal,
using a set of measures that line up with the idea of universal health coverage. What it found is that there are
some big differences in how well the health system is working from one district to another. This means that
even if the state as a whole seems to be doing okay, there are still some areas that are being left behind. On
average, the health system in West Bengal is doing moderately well, but there's a big range in how well
different districts are doing - some are doing really well, while others are struggling. This suggests that the
health system is not evenly distributed across the state, and that some areas have better access to healthcare
and financial protection than others.

A key insight from the analysis is that disparities are not uniformly distributed across domains. The infectious
disease domain appears relatively more consistent across districts, which may reflect the long-standing
prioritization of communicable disease control programmes and relatively standardized implementation
mechanisms. In contrast, greater variability is observed in RMNCH and NCD indicators, suggesting differential
access to maternal health services and uneven preparedness to address the growing burden of chronic diseases.
This pattern is broadly consistent with the ongoing epidemiological transition, where health systems often
remain more responsive to traditional public health challenges than to emerging non-communicable conditions.

More pronounced disparities are evident in service capacity and financial protection, which appear to act as
critical determinants of overall district performance. The wide variation in service capacity indicators-such
as workforce density, facility availability, and service readiness-suggests structural imbalances in health
system infrastructure across regions. Districts with lower composite scores tend to have weaker health system
foundations, limiting their ability to deliver essential services effectively. Similarly, the financial protection
domain shows stark inequalities, with some districts experiencing significantly higher out-of-pocket
expenditure and lower insurance coverage. This indicates that financial barriers remain a major constraint to
equitable healthcare access, despite ongoing policy efforts to expand risk pooling and insurance coverage.

The district ranking further reinforces the presence of systematic disparities rather than random variation.
Higher-performing districts such as Birbhum, Jalpaiguri, Darjeeling, and South 24 Parganas demonstrate
relatively balanced performance across domains, suggesting more integrated and functional health systems.
In contrast, lower-performing districts-including Purba Medinipur, Paschim Bardhaman, Hooghly, and Purulia-
consistently lag across multiple dimensions, pointing to overlapping deficits in infrastructure, service utilization,
and financial protection. This clustering of disadvantage indicates that underperformance is likely driven by
structural constraints rather than isolated programmatic gaps.

The analysis also reveals a distinct regional pattern, with northern and deltaic districts generally performing
better than those in the western belt. This geographic gradient may reflect historical differences in infrastructure
development, population distribution, and accessibility. Western districts, which often have more challenging
terrain and lower levels of socioeconomic development, appear to face compounded constraints in service
delivery and health system capacity. Such spatial inequalities highlight the limitations of uniform policy
approaches and underscore the need for geographically targeted interventions.

When we look at all the findings together, it's clear that West Bengal's progress towards Universal Health
Coverage is not happening evenly. There are still some big differences in how the health system works, and
these differences are affecting how well the system performs. While there have been some improvements in
certain areas, like controlling infectious diseases, there are still some big gaps in the system's ability to
provide services and protect people from financial problems when they get sick. This means that just trying
to get more people covered by health services might not be enough - the government also needs to invest in
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things like buildings, equipment, staff, and ways to help people pay for healthcare so that everyone can get
the care they need without going broke.

To improve healthcare, we need to focus on the areas that are struggling the most. This means giving more
resources to the districts that are not doing well, making sure they have good primary healthcare, and getting
the right people in the right places. We also need to make sure people are protected from high medical costs,
so everyone can get the care they need without breaking the bank. One way to do this is by getting more
people insured and reducing the amount they have to pay out of their own pockets. By keeping a close eye on
how each district is doing and using that information to make decisions, we can make sure our healthcare
system is working as well as it can. This will help us plan better and make sure everyone is held accountable
for providing good care.

6. Strengths and Limitations

This study contributes to the literature by providing a multidimensional, district-level assessment of health
system performance aligned with the UHC framework. By integrating indicators across service coverage,
system capacity, and financial protection, it offers a more comprehensive perspective than single-indicator
analyses. The use of normalized indicators and a composite index allows for systematic comparison across
districts.

However, several limitations should be acknowledged. First, the analysis relies on secondary data sources,
which may vary in quality and reference period. Second, the use of equal weighting across domains, while
methodologically transparent, may not fully capture the relative importance of different indicators. Third,
since this study uses data from only one point in time, it cannot show changes over time or establish cause-
and-effect relationships. Finally, although the composite index helps compare districts, it may hide differences
within districts and does not fully capture all local factors that influence health system performance.

7. Conclusion

Overall, the study highlights that achieving universal health coverage at the state level requires addressing
deeply embedded district-level disparities. To effectively address these discrepancies, it is essential to
implement targeted, equity-oriented interventions that strengthen service capacity, enhance financial protection,
and improve access to vital health services.

The composite index formulated in this research serves as a valuable instrument for evidence-based planning,
prioritization, and tracking progress towards universal health coverage at the district level.
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ABSTRACT

The research explores the extent to which Indian businesses reveal about their environmental activities

while following circular economy principles during their operations. The study draws its foundation

from legitimacy theory together with stakeholder and institutional and agency theories to analyse how

businesses present their sustainability efforts about resource management and waste disposal and

environmental protection in developing market environments. The research depends on existing corporate

documentation to build an Environmental Disclosure Index which uses Global Reporting Initiative-

based indicators to show vital aspects of circular economy implementation. The study uses Tobit regression

analysis because the disclosure index operates within fixed boundaries which determine its range of

values. The research team confirmed their data analysis results through diagnostic assessments which

proved their data set contained no multicollinearity problems and heteroskedasticity issues before they

started their estimation work. The research shows that bigger companies tend to produce more

environmental disclosure information because they actively create sustainability reports and circular

economy practices. The study results show that companies in India's developing ESG framework use

environmental disclosure to achieve better transparency while they build trust with their stakeholders

and achieve their sustainability objectives. The research establishes a direct link between disclosure

analysis and circular economy elements through its development of an appropriate methodological

approach which uses censored regression techniques. The research results provide essential information

which helps both government officials and business leaders to create sustainable reporting systems that

produce consistent data for all users.
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1Assistant Professor,Amity College of Commerce & Finance, Amity University Kolkata

1. Introduction

The growing calls of environmental sustainability have essentially changed the manner in which corporations
conduct, report, and are assessed in the international economic system (Chopra et al., 2024; Diwan & Amarayil
Sreeraman, 2024; Lukács et al., 2025). The increasing ecological degradation, discharge of climate change
and resources wear and tear, has put strain on businesses to forego the past-traditional and profit maximizing
model of behavior and embrace more responsible and transparency models (Cunha et al., 2025; Dibra, 2023;
KPMG, 2024). In this regard environmental disclosure has become one of the most valuable tools which
actually help the companies to control their environmental performance, sustainability and environmental
impact, by reporting the same to the stakeholders (Hahn and Kuhnen, 2013; KPMG, 2022). These types of
disclosure not only enable to enhance the corporate level of transparency, but also have an impact on the
perception of stakeholders, adherence to regulations and value of the firm in the long run (Yuan et al., 2025;
Rohendi, 2024; Sari et al., 2025).

The role of the Environmental, Social and Governance (ESG) structures in the environmental reporting
process has also greatly been enhanced during the last 10 years, as companies have begun noticing the
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applicability of the principles and guidelines of the concept of corporate strategy (Saini & Kharb, 2025;
TechTarget, 2025; Xiao, 2025). Gradually, investors, regulators, and the civil society are demanding
standardized, close and reliable sustainability reports, compelling companies to invest in orchestrated reporting
designs like Global Reporting Initiative (GRI) and country-specific systems like Business Responsibility
and Sustainability Reporting (BRSR) in India (Bhattacharyya and Cummings, 2021). The recent empirical
studies show that the more transparent companies under the criteria of ESG are, the better financial
performance, minimized risk exposure, and increased market value (Yadav, Hanief, and Patnaik, 2020; Friede,
Busch, and Bassen, 2015). This has caused the fact that environmental disclosure has not been a progressive
practice, but has been strategic and regulatory imperative in current corporate governance (Clarkson et al.,
2008; KPMG, 2022). Theories that are principally applied in explaining the environmental disclosure are
theoretically, legitimacy theory and stakeholder theory (Del Gesso & Lodhi, 2024; Zhang, 2025; Garcia-
Sánchez et al., 2025). Legitimacy theory is that firms will disclose information regarding the environment so
that they can make their activity match the expectation of the society and be given the right to work (Deegan,
2002). Another practice emphasized in the stakeholder theory is that various stakeholders like the investors,
regulators, customers and communities exert pressure on the organizations by enhancing the transparency
and accountability of the reporting of practices by the organizations (Freeman, 1984; Hahn and Kuhnen,
2013). All these theoretical models imply that environmental reporting is reactive and proactive in its
application in maintaining a firm to deal with the external perceptions and long-term legitimacy (Suchman,
1995; Deegan, 2002).A good amount of empirical data has been conducted on determinants of environmental
disclosure, and the firm size is one of the most important determinants (Joshi & Joshi, 2024; Padang &
Hernawati, 2024). Larger organizations may tend to be more familiar and have more regulatory scrutiny and,
consequently, pressure on their stakeholders, prompting them to disclose the environmental performance of
companies in more detail (Kansal, Joshi, and Batra, 2014; Clarkson et al., 2008). Originating research confirms
that ESG disclosure is positively linked to a firm size since bigger firms have more financial and organizational
resources to adopt ordered sustainability reporting systems (Malarvizhi & Mathew, 2016; Bhattacharyya and
Cummings, 2021). There is, however, also recent research that indicates this correlation to be unqualified
and subject to variation based upon the nature of the industries and systems of governing and strategic
priority (Hahn and Kuhnel, 2013).

Although there has been an increased focus on ESG reporting, a number of challenges have still existed
within the disclosure practices on the environment (Chopra et al., 2024; Khamisu & Paluri, 2024; Abramson,
2024). Additional issues relating to sustainability disclosures, such as lack of standardization, inconsistency,
reportability, and instances of greenwashing, still have the negative effect of undermining the quality and
credibility in sustainability disclosures (Chopra et al., 2024; Delmas and Burbano, 2011; Clarkson et al.,
2008). These barriers are particularly significant in the new economies, including India, where policies have
only developed, and belligerence units are developing (Kolk and Perego, 2010; KPMG, 2022).

The rest of the paper is arranged in the following way:

Section 2 discusses the pertinent theoretical basis and literature on environmental disclosure and ESG practices.
Section 3 presents the objectives of the study. Section 4 works out the research hypothesis on the basis of
earlier literature. Section 5 explains the research method, data sources, sample selection and analytical
framework. Section 6 outlines the materials and methods to be used in building the Environmental Disclosure
Index (EDI) and statistical analysis. Section 7 summarizes the empirical findings with descriptive statistics,
ANOVA and Tobit regression test. This comes with the discussion section that interprets the findings based
on theoretical and empirical knowledge. Lastly, the conclusion is the final part of the study which brings out
the important findings, implications and future research opportunities.
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2. Literature Review

Stakeholder and legitimacy theories have widely been applied in researching the environmental disclosure of
companies, would answer the question of why firms willingly disclose their green status (Raghuvanshi et al.,
2026; Zhang, 2025; Khamisu and Paluri, 2024). According to the legitimacy theory, organisations exchange
information about the environment to be aligned to the expectations of society and licence to operate (Deegan,
2002). Previous initial researches believe that disclosure is a strategic instrument of controlling the external
perceptions as opposed to an indication of the actual environmental performance (Gray, Kouhy, and Lavers,
1995).

Stakeholder theory also means that investors, regulators and the society pressurize the companies to be more
transparent in their sustainability reporting. This fact is reinforced by recent studies that have indicated the
increasing importance of ESG responsibility in the corporate governance structures (Hahn and Kuhnen,
2013). Moreover, there has been a reinforcement of institutional pressure in seeking the standardization of
environmental disclosures by the development of regulatory frameworks with the view of promoting Business
Responsibility and Sustainability Reporting (BRSR) in India (KPMG, 2022).

Agency theory also augments these views by giving the disclosure of environmental information an explanation
as a way of mitigating information asymmetry among managers themselves (agents) and the shareholders
(principals) (Jensen and Meckling, 1976; Healy and Palepu, 2001). This theory states that managers voluntarily
share sustainability and environmental information as a means to signal transparency, help lower agency
costs, and develop investor trust (Jensen and Meckling, 1976; Clarkson et al., 2008; Michelon, 2011). Recent
news also has indicated that the ESG reporting is capable of minimizing the conflict of interest. and bring
about better monitoring of the business by its stakeholders, thus, improving the corporate accountability and
governance performance (Frias-Aceituno et al., 2014; Velte, 2017).

2.2 Determinants of Environmental Disclosure (Firm-Level Factors)

Determinants of the environmental disclosure at the firm level have been of particular concern to size and
there has been a substantial literature regarding these determinants, profitability and even governance structure
(Cormier, Magnan, and Van Velthoven, 2005; Hahn and Kuhnen, 2013). Empirical studies have also repeatedly
found out that firm size is a pertinent variable because bigger corporations could report more data regarding
the environment owing to the heightened disclosure and pressure on adherence (Kansal, Joshi, and Batra,
2014).

As the recent research points out, ESG reporting has also a positive impact on the value of the firm and
financial performance, which implies that sustainability reporting is strategic and compliant (Bhattacharyya
and Cummings, 2021; Yadav, Hanief, and Patnaik, 2020). In addition, some aspects of corporate governance
such as independence of board have been found to significantly affect the quality and level of environmental
disclosure (Malarvizhi and Mathew, 2016).

However, recent studies have revealed that such impact of firm size is not universal and, in all firms, which
suggests that the factors behind disclosure practices cannot be explained by the determinant on its own but in
a synergistic composition of economic, institutional and strategic factors (Hahn and Kuhnen, 2013).

2.3 Emerging Trends and Challenges in ESG Disclosure

The study of environmental disclosure has changed considerably as more of the issues related to environmental
sustainability are being integrated through ESG models and international sustainability frameworks (Kartal
et al., 2024; Lukács et al., 2025). Recent analysis points to an increased organization and standardization of
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ESG reporting brought about by global reporting standards like GRI and regulatory requirements (KPMG,
2022).

Although such developments have been made, a number of problems still exist such as lack of comparability,
inconsistency in reporting and the challenges of greenwashing. Companies tend to selectively disclose
information with a bias toward positive aspects, ignoring the negative effects that their activities have on the
environment, which calls into question the level of transparency and credibility (Clarkson et al., 2008).

Moreover, a recent literature stresses the role of longitudinal and data-driven methods of examining ESG
disclosures. Both quantitative and content analysis have added credibility to the empirical research techniques
in that it can be aptly deduced about the disclosure habits over time. (Hahn and Kuhnen, 2013). These are
especially pronounced in the emerging markets such as India where reporting practices and the enforcement
of regulations are still developing.

Although the literature is expanding, there is a gap in the literature of combining longitudinal content analysis
and state of the art statistical approaches, ANOVA and Tobit regression, within the Indian scenario. The
current research will fill this gap by offering an in-depth empirical research study carried out over a decade
hence adding to the existing literature on the topic of environmental disclosure in emerging markets.

3. Objectives of The Study

The current research is pursued with the following specific aims:

(a) To test the hypothesis that there is a relationship between the size of firms and the environmental disclosure
practices of the sampled companies in India.

(b) To examine the inter-firm differences in environmental disclosure practices, with a structured Environmental
Disclosure Index (EDI).

4. Methodology

4.1 Hypothesis Development

In the past literature, environmental disclosure has been extensively studied as a role of company-based
factors, especially the company size. The bigger companies tend to be more exposed to the public, other
regulators, and more stakeholders, which is a motivating factor to engage in more transparent environmental
reporting (Kansal et al., 2014). According to the theory of legitimacy, companies that have a greater exposure
will report more environmental-related information to retain the societal acceptance and the legitimacy of
the corporation (Deegan, 2002).

Moreover, industry distinctiveness, differentiation in the governance system, and strategic interests might
lead to differences in disclosure procedures among companies (Hahn & Kühnen, 2013; Dye, 2001). Current
research suggests that environmental reporting is not consistent across companies and that it is commonly
associated with a firm-level heterogeneity (Hahn and Kuhnen, 2013).

Against this backdrop, the current paper empirically analyses how firm size and environment disclosure are
related, and the differences in disclosure of the sample firms amongst them using the scale of quantitative
methods, including ANOVA, and Tobit regression analysis.

4.2 Hypothesis Formulation

Due to the theoretical background and the empirical data, the hypotheses are the following:

H
0
 (Null Hypothesis): There is no statistically significant relationship between firm size and environmental

disclosure.
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H
1
 (Alternative Hypothesis): There is a statistically significant positive relationship between firm size and

environmental disclosure.

4.3 Research Frame

The current study is based on secondary research using published annual reports of a group of selected
Indian companies in a ten-year timeframe (2014-2024). The sample includes the five top companies, i.e.,
Reliance Industries Limited, Nestle India Limited, Oil and Natural Gas Corporation Limited (ONGC), Pidilite
Industries Limited and Power Grid Corporation of India Limited. The firms will undergo purposive sampling
with the aim of ensuring that they represent different sectors of industries, such as energy, fast-moving consumer
goods, chemicals and infrastructure. This sectoral variety allows a detailed analysis of the trends in
environmental disclosure behaviour in the presence of different levels of environmental sensitivity, regulatory
interest, and pressure on the part of stakeholders (Freeman, 1984; Deegan, 2002). The main source of data
are annual reports since they are standardized, comply with the regulations, and cover all financial and non-
financial disclosures. They are generally accepted in disclosure-based research studies to be good and verifiable
documents that can be used to improve the validity and comparability of empirical results (KPMG, 2022;
Velte, 2023). The data set is structured in such a way that it is a balanced panel, i.e. firm level data over the
time of study, such that each data point in the dataset is in form of a firm-year combination or integration of
financial and disclosure related data (Wooldridge, 2010)

5. Materials and Methods

The research design embraces a quantitative research design to empirically test the relationship that exists
between the firm size and environmental disclosure practices using STATA 19 software. Environmental
Disclosure Index (EDI) is a dependent variable, which is operationalized through the framework of the
structured content analysis that involves sixteen predefined environment disclosure indicators.

These indicators are classified under seven major environmental aspects, viz. materials, energy, water and
effluents, biodiversity, emissions, waste management and environmental policies as shown in Table 1. The
indicators are constructed according to the framework of the Global Reporting Initiative (GRI) and reinforced
by the previous empirical research, which guarantees the validity and completeness of the disclosure index.

Table 1. Environmental Disclosure Index (EDI) Indicator

Dimension Indicator Description

Materials Material Usage Materials used by weight or volume
Recycled Materials Percentage of recycled input materials used

Energy Energy Consumption Total energy consumption within the
organization

Energy Reduction Measures undertaken to reduce
energy consumption

Water and Water Withdrawal Water withdrawal by source
Effluents

Water Consumption Water consumption in water-stressed areas
Biodiversity Operational Sites Operations in or near protected areas

Biodiversity Protection Measures for preservation of affected
species

Emissions GHG Emissions Greenhouse gas emissions by type
Emission Intensity Intensity of greenhouse gas emissions
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Waste Waste Generation Total waste generated
Management Waste Impact Environmental impact of waste generated
Environmental Waste Initiatives Waste management and reduction initiatives
Policies

Compliance Environmental compliance status
Supplier Assessment Environmental screening of suppliers
Grievance Mechanism Environmental grievance redressal

mechanisms

Source: Developed by the author based on the GRI Framework and prior studies (Chakladar & Gulati, 2015;
Brammer & Pavelin, 2006; Ahmad, 2012)

The evaluation of each indicator is done on a structured ordinal scale with "0" being the absence of disclosure,
"1" being qualitative disclosure, "2" being quantitative disclosure and "3" being both qualitative and
quantitative information. Each firm-year observation has a composite disclosure score computed as an average
of the individual scores of indicators, therefore, making it consistent and comparable across firms and time.

The paper uses both quantitative and qualitative statistical methods to undertake the empirical analysis. To
analyse the difference in environmental disclosure practices of the sampled firms, the firm-based descriptive
statistics will be used to give information regarding the level and the dispersion of the disclosure scores.

In a bid to further determine inter-firm differences, one way analysis of variance (ANOVA) is used to determine
whether there is any statistically significant difference between the environmental disclosure practices of the
sampled firms.

Since the data are cross-sectional (firms) and time-series (years), we have a panel dataset, then we apply
Tobit regression analysis to examine the relationship between firm size and environmental disclosure. The
Tobit regression is justified because it is effective in controlling the unobserved heterogeneity among firms
and identifies the temporal variation of disclosure behaviour. Further, as the data does not meet the criterion
of normality, panel data methods are more robust and reliable estimations, as opposed to conventional
regression techniques.

6.  Results

6.1 Descriptive Statistics

Table 2 shows the firm-wise average Environmental Disclosure Index (EDI) across the selected companies
over the study period.

Table 2. Firm-wise Descriptive Statistics of Environmental Disclosure Index

Firm Mean EDI Std. Deviation Minimum Maximum

Reliance Industries Limited 0.268 0.0156 0.479 0.541

ONGC 0.252 0.0310 0.270 0.354

Power Grid Corporation of India 0.228 0.0186 0.291 0.354

Nestlé India Limited 0.198 0.0514 0.125 0.270

Pidilite Industries Limited 0.174 0.0484 0.229 0.354

Source: Author's own computation based on data collected from annual reports of selected firms (2014-
2024)
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Firm- Based Descriptive Statistics reveal that the environment disclosures of the different companies selected
vary greatly. The mean Environmental Disclosure Index (EDI) of Reliance industries Limited is the best and
it implies that the level of compliance to environmental reporting is relatively high. The low standard deviation
indicates that the disclosure practices have not changed much within the study period.

The average level of disclosure by ONGC and Power grid corporation of India is moderate with the variance
of the ONGC being relatively higher than that of power grid, meaning that its disclosure practices have been
varying over a period of time.

However, both Nestle India Limited and Pidilite Industries Limited show a relatively lower mean disclosure
score. The standard deviation values are however higher in both firms indicating a higher level of inconsistency
and variation in the practices of the two firms in their environmental disclosure.

The difference between minimum and maximum values between the firms also magnifies the existence of
change between temporal variation showing that environmental disclosure practices have changed between
the study period (Baltagi, 2008; Clarkson et al., 2008).

In general, the findings indicate that whereas certain companies have stable and more disclosure, others
show a more stable and more variable reporting conduct that are relatively lower.

6.2 Firm Size

Table 3 shows the average total assets of firms, firm size among the selected companies.

Table 3. Firm size in crores (`̀̀̀̀ Crores)

Firm Total Assets (Average over Study Period)

Reliance Industries Limited 7,03,396.18

ONGC 2,94,128.56

Power Grid Corporation of India 2,16,350.12

Nestle India Limited 7,912.29

Pidilite Industries Limited 6,074.01

Source: Author's own computation based on secondary data obtained (Moneycontrol)

There is a significant amount of heterogeneity in the amount of business operations of the selected firms in
the total firm-specific assets. The highest average asset base (`7,03,396.18 crores) is observed in Reliance
Industries Limited which is far much above the rest of the firms in the sample. This is an indication of its
diversified business, capital-intensive nature and market dominance.

Similarly, ONGC and Power grid corporation of India also exhibit quite big asset base, as the companies
operate on infrastructure and energy sensitive fields, where capital intensive investments are required.
Nevertheless, they are still significantly smaller than Reliance Industries, which means that there are differences
even in high-capital industries.

Contrary to this, Nestle India Limited and Pidilite Industries limited do not have much higher asset levels
because their operations are characterized by less capital-intensive industries of FMCG and specialty chemicals.
The high differences between the maximum and minimum values show that there is a large difference in the
size of the firms of the sample.
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On the whole, the findings verify the existence of an important cross-sectional dispersion in the size of firms
that gives a strong foundation of study on its impact on environmental disclosure practices.

6.3 Firm-wise Environmental Disclosure Analysis

Table 4 shows the average Environmental Disclosure Index (EDI) of the firms.

Table 4. Firm-wise Average Environmental Disclosure Index

Firm Average EDI

Reliance Industries Limited 0.517

Power Grid Corporation of India 0.333

ONGC 0.307

Pidilite Industries Limited 0.307

Nestle India Limited 0.212

Source: Author's own computation based on data collected from annual reports of selected firms (2014-
2024)

The firm-based analysis indicates that there is a significant difference in environmental disclosure of firms.
The Reliance Industries Limited has the largest average disclosure score (0.517), which means that they are
much more committed to environmental reporting.

Power grid Corporation of India shows moderate disclosure (0.333) whereas ONGC and Pidilite Industries
Limited have a similar disclosure performance (0.307). Conversely, Nestle India Limited has the lowest
average disclosure score (0.212) implying a comparative poor disclosure of the environment.

These differences suggest that the environmental reporting practices of firms vary significantly across firms,
as difference in industry sensitivity, regulatory exposure and strategic priorities.

6.4 ANOVA Results

To test the hypothesis H1 of whether there is significant variation in environmental disclosure among firms,
one-way ANOVA test was performed.

Table 5. ANOVA Results

Source of Variation F-Statistic p-value

Between Firms 101.52 0.000

Source: Author's own computation

The ANOVA results show that environment disclosure of firms differ significantly (F = 101.52, p < 0.001).
The large F-statistic shows that the difference in the disclosure scores among the firms is not because of the
chance variation. This observation indicates that the practice of environmental disclosures is firm specific
and heterogeneous and it depends on the industry features, regulatory forces and organizational strategies.

6.5 Tobit Regression Analysis

The estimate of a Tobit regression model was done to measure the effect of the firm size on environmental
disclosure.
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Table  6. Tobit Regression Results

Variable Coefficient (βββββ) Std. Error t-value p-value

Company Size (COSZ) 3.11 × 10-7 2.96 × 10-8 10.50 0.000

Constant 0.2588 0.0110 23.61 0.000

Source: Author's own work

A Tobit regression model was used to explain the censored nature of the dependent variable, which is
environmental disclosure (ED) and is constrained between 0 and 1. This method guarantees the uniform and
unbiased estimates of parameters as opposed to the traditional OLS that might not be suitable in the
circumstances of limited dependent variables.

The model shows good overall statistical significance, as shown by the likelihood ratio statistic (LR χ 2 =
60.53, p < 0.01), which proves the joint explanatory power of the independent variable.

The coefficient of company size (COSZ) is positive and highly statistically significant (βββββ = 3.11 × 10-7, t =
10.50, p < 0.01). This implies that the larger the firm, the greater the degree of environmental disclosure. The
coefficient magnitude is small, but this can be explained by the fact that the monetary scaling of the firm size
variable is used; the effect is not insignificant economically.

The constant value is also positive and significant (= 0.2588, p < 0.01), which means that there is a minimum
level of environmental disclosure even without the change in the size of the firm.

In general, the results are strong empirical evidence of a strong positive correlation between company size
and environmental disclosure, which suggests that bigger companies have a higher probability of reporting
on sustainability in a comprehensive manner. This could be motivated by increased publicity, regulatory
pressure, and availability of resources, which all encourage improved disclosure practices.

6.6 Company-wise Trend Analysis of Environmental Disclosure Scores

The graphical representation shown illustrates the trend of environmental disclosure scores among the chosen
companies over the years 2014-2024.

Source: Author's own calculation and compilation

The graphical model illustrates how environmental disclosure scores of the chosen companies have been
trending in the year 2014 to 2024. It is noted that during the period, Reliance always has the highest disclosure
score, which means a high level of transparency on environmental issues. ONGC and Power grid present
average results with certain swings, which are inconsistent disclosure over the years.

Pidilite shows continuous growth of its disclosure score starting from 2017, though, which may indicate a
greater emphasis on sustainability reporting. Comparatively, Nestle records relatively lower disclosure, with
minor improvements since 2017 but since then, it has been relatively stable.

On the whole, the graph shows considerable differences in the environmental disclosure practices among
companies, and firm-specific strategies and responsiveness to the regulatory environment are critical factors
in defining the amount of sustainability reporting.

7. Discussion

Empirical results of the research are very supportive of the alternative hypothesis (H 1) that suggests that
there is a statistically significant positive correlation between firm size and environmental disclosure. The
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findings of the Tobit regression model indicate that the size of the company (COSZ) has a positive and highly
significant coefficient (βββββ = 3.11 × 10 -7, p < 0.01) and thus the null hypothesis (H 0) cannot be accepted and
the alternative hypothesis (H 1) is accepted.

This finding supports the claim that the size of firms is a decisive factor in environmental disclosure practices
of Indian firms. The bigger companies are more likely to report detailed environmental data because they are
more visible, have stakeholder pressure, and are subject to regulatory scrutiny. The results are in line with the
legitimacy theory, which argues that companies are involved in disclosure practices to ensure that they are
socially acceptable, and the stakeholder theory, which argues that external pressures influence corporate
transparency.

Moreover, the statistically significant likelihood ratio (LRχ 2 = 60.53, p < 0.01) supports the overall explanatory
power of the model, which means that firm size has a significant impact on the differences in the level of
environmental disclosure. Therefore, the results of hypothesis testing are strong empirical support that
environmental disclosure is not arbitrary but is systematically determined by firm-specific attributes, especially
size.

The firm level analysis has shown clearly that environmental disclosure practices differ significantly among
the sampled firms, and it is possible that reporting behaviour is not uniform across the sample but is determined
by firm specific factors.

Reliance Industries Limited stands out as the best company in regard to environmental disclosure as it has the
highest EDI score. This high performance could be attributed to its high scale of operation, diversified
business operations, and presence in the market that exposes it to more regulatory requirements and expectations
of stakeholders. Consequently, the company seems to have more organized and detailed sustainability reporting
practices to stay legitimate and build on the trust of stakeholders.

On the other extreme, Nestle India Limited is the least disclosed in terms of environmental disclosure. This
comparatively poor performance can be attributed to the variations in the nature of industries since companies
in the FMCG industry are usually exposed to relatively less environmental scrutiny compared to companies
in the energy or infrastructure industry. Moreover, the reporting policy of the company can be less focused on
the disclosures of the environment.

Examples of companies with moderate disclosure include ONGC and Power grid Corporation of India.
Although these companies are engaged in the environmentally sensitive sectors where an increase in
transparency is anticipated, their disclosure practices are not fully developed but seem to be undergoing
evolution. This shows that despite the regulatory and stakeholder pressures; there is still a way to go in
ensuring consistency and depth in reporting.

The same is also true of Pidilite Industries Limited that indicates a moderate level of disclosure, though with
certain variations over time. This trend indicates that the company might be at the transitional stage, slowly
enhancing its sustainability reporting procedures without being completely standardized and consistent.

The implication of these observations is that environmental disclosure not only depends on the size of firms
but also on the sectoral exposure and strategic priorities as well as internal governance mechanisms. The
disparities among companies emphasize the lack of a standardized reporting system and are indicative of
increased standardization of disclosure practices.

Improvement wise, companies that have relatively lower disclosure rates, especially Nestle India Limited
and Pidilite Industries Limited, should aim at improving the depth and consistency of their environmental
reporting. Implementation of globally recognized standards like GRI, more extensive use of quantitative
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metrics, and increased compliance with regulatory demands like BRSR can all help to enhance the quality of
disclosure to a large extent. Also, more transparent reporting can be further reinforced by incorporating
sustainability into the core business strategies and enhancing internal monitoring mechanisms.

The ANOVA results indicate that the difference in the disclosure practices among firms is significant (p <
0.001), which means that these differences are not accidental. This supports the claim that firm-level attributes
are important in the determination of disclosure behaviour.

In addition, the findings of the Tobit regression analysis are in line with the ANOVA results, and both methods
show high statistical significance (p < 0.01). Although ANOVA shows that there are differences between
firms, the Tobit model shows how and why the relationship between firm size and disclosure is directional
and significant. The fact that all these methods have similar levels of significance boosts the strength of the
findings and empowers the research with more empirical evidence.

On the whole, despite the fact that some companies show rather developed disclosure practices, the results
indicate that environmental reporting in Indian companies is still rather patchy, and much can be done to
make it more consistent, comparable, and comprehensive.

8. Conclusion

The current research offers an extensive empirical investigation in the association between firm size and
environmental disclosure under the longitudinal framework of a longitudinal period (2014-2024) in the context
of Indian firms. Through the use of structured Environmental Disclosure Index (EDI) and descriptive statistics,
an ANOVA, and Tobit regression, the study presents a solid analytical design to test the inter-firm variations
as well as the major factors of the disclosure practices.

The results indicate that there exists a statistically significant and positive connection between firm size and
environmental disclosure thus demonstrating that bigger firms are characterized by high degrees of transparency
in reporting such environmental information. This finding

aligns with the theoretical foundations of legitimacy, stakeholder, and agency theories, which all point to the
common direction of implying that more visible firms, those with higher regulatory visibility, and those with
more stakeholder pressure tend to embrace comprehensive sustainability reporting measures. The null
hypothesis rejection and acceptance of the alternative hypothesis also support the position of firm size as a
crucial factor of environmental disclosure.

Also, the findings of the ANOVA analysis demonstrate the presence of the significant inter-firm heterogeneity
in the disclosure practices, which reveals that environmental reporting is not a consistent process but it is
affected by the peculiarities of industry sensitivity, strategic orientation, and governance structure of firms.
These findings can also be supported using the graphical and descriptive analyses since they show that a
company such as Reliance Industries Limited always upholds higher and more consistent disclosure levels
compared to the rest which have moderate or relatively lower and inconsistent reporting patterns.

Practically and in policy terms, the paper points out the necessity of more standardization and enforcement
of regulations in the environmental reporting models especially in the emerging economies such as India
where ESG practices may not yet be fully developed. Such guidelines used in areas like Business Responsibility
and Sustainability Reporting (BRSR) should be reinforced by regulatory agencies to make disclosures uniform,
comparable, and credible across the firms.

To corporate managers, the results provide a strategic significance of the harmonization of environmental
disclosure in the main business operations not just as a mandatory measure but as a value-added mechanism,
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which increases the trust of all stakeholders and long-term sustainability. Companies that have lower disclosure
rates are urged to use globally accepted standards like the Global Reporting Initiative (GRI), improve both
quantitative and prospective disclosures, and consistency of reporting practices over the years.

Moreover, the research adds to the current body of literature by integrating longitudinal content analysis into
the sophisticated econometric analysis, and hence, closes one of the research gaps in the Indian ESG. It offers
a methodological basis to the subsequent research to investigate further firm-level and institutional factors of
environmental disclosure.

In general, the paper concludes that, though there are gradual improvements in the environmental disclosure
of companies in India, it is skewed among companies, as bigger companies take the lead in adapting to more
transparent and structured sustainability reporting. To establish a more consistent and credible system of
environmental disclosure, more regulatory mechanisms and commitments to strategic firm-level commitments
are crucial.
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