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Special Issue — IT

Selected Papers from the ICSSR Sponsored Two-Day International Research Conference on “Digital
Marginalisation and Al Bias: Redefining Business and Society ICDMAI-BS 2026)”

It gives us immense pleasure to present Special Issue — II of the Quest Journal of Management and Research,
comprising selected double-blind peer-reviewed papers from the ICSSR Sponsored Two-Day International
Research Conference on “Digital Marginalisation and AI Bias: Redefining Business and Society (ICD-
MAI-BS 2026)”, held on 27-28 February 2026 in hybrid mode.

The conference was organized with the objective of fostering scholarly dialogue on the transformative impact
of Artificial Intelligence and digital technologies on contemporary business and society. As Al-driven systems
increasingly influence decision-making processes, consumer behaviour, education, governance, finance, and
sustainability, concerns regarding digital exclusion, algorithmic bias, ethical accountability, and equitable ac-
cess have become central to academic and policy discussions. The conference provided an interdisciplinary
platform for researchers, academicians, practitioners, and policymakers to explore these emerging challenges
and opportunities.

The papers included in Special Issue — II reflect the expanding role of artificial intelligence, data analytics,
sustainability, and algorithm-driven decision-making in shaping business and societal outcomes. Collectively,
these contributions provide valuable insights into sustainable development, ethical Al adoption, digital inclu-
sion, consumer behaviour, financial decision-making, and data-driven business strategies.

The issue opens with “Quantifying Sustainability: A Non-Parametric Analysis of ESG Performance Across
Indian Manufacturing Sectors,” which evaluates environmental, social, and governance (ESG) performance
across Indian manufacturing industries using non-parametric analytical techniques. The study contributes to the
growing body of sustainability research by offering evidence-based insights into sectoral performance and the
role of ESG practices in promoting responsible industrial development.

The second paper, “Digital Marginalization and Algorithmic Bias: Challenges and Implications for Busi-
ness and Society,” examines how algorithmic systems may unintentionally reinforce inequalities in access,
representation, and decision-making. The paper discusses the ethical and managerial implications of algorith-
mic bias while emphasizing the importance of transparency, fairness, and inclusive Al governance for sustain-
able digital transformation.

The third contribution, “Algorithmic Acquisition versus Algorithmic Retention: An Empirical Analysis
of Revenue Dynamics at Wayfair Inc. and eBay Inc., 2017-2024,” investigates the strategic impact of al-
gorithm-driven customer acquisition and retention practices on organizational revenue performance. Through
an empirical analysis of two leading e-commerce platforms, the study offers valuable insights into data-driven
marketing strategies and their influence on long-term business growth.

The fourth paper, “Data-driven Consumer Insights and Ethical Marketing Practices: AI-Enabled Neuro-
marketing Strategy on Consumer Purchasing Behaviour in Organized, Unorganized and Online Retail
Stores,” explores the application of Al-enabled neuromarketing in understanding consumer behaviour across
diverse retail environments. The study highlights the potential of advanced analytics to enhance marketing
effectiveness while emphasizing the ethical considerations associated with collecting and utilizing consumer
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Ge issue concludes with “Al-Powered Financial Decision-Making: Implications for Investor Welfare,}
which examines the growing influence of artificial intelligence in financial advisory services and investment
decision-making. The paper evaluates the opportunities and challenges associated with Al-assisted investment
strategies, emphasizing their implications for investor welfare, financial literacy, transparency, and responsible
financial innovation.

Collectively, the contributions featured in Special Issue — II advance our understanding of the dynamic rela-
tionship between artificial intelligence, sustainability, digital transformation, and responsible business prac-
tices. They demonstrate how emerging technologies can create significant opportunities for innovation while
simultaneously highlighting the need for ethical governance, inclusive policies, and evidence-based deci-
sion-making. The findings presented herein offer valuable insights for researchers, educators, industry practi-
tioners, and policymakers seeking to build sustainable, equitable, and responsible digital ecosystems.

We express our sincere gratitude to the Indian Council of Social Science Research (ICSSR) for its generous
support in facilitating this international conference and promoting research on issues of contemporary rele-
vance. We also extend our appreciation to all authors, reviewers, keynote speakers, session chairs, members of
the organizing committee, and participants whose dedication, collaboration, and scholarly contributions made
the conference a resounding success.

As we present Special Issue — I, we hope that the research published in this volume stimulates further scholar-
ly inquiry, informed policymaking, and meaningful dialogue on the evolving challenges and opportunities as-
sociated with artificial intelligence, sustainability, digital transformation, and responsible innovation. We trust
that the discussions initiated through these contributions will contribute significantly to advancing knowledge
and fostering a more ethical, inclusive, and sustainable future.

Dr. Kavita Khadse,

Editor & ICSSR International
Research Conference Convener
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Abstract:
Purpose

This study evaluates and compare the Environmental, Social, and Governance performance of key sub-sectors with-
in India’s manufacturing industry. By analysing reported ESG indicators, the research identifies which sectors are
more closely aligned with the Sustainable Development Goals and highlights the disparities that exist in sustainabil-
ity adoption and implementation.

Design/Methodology/Approach

A quantitative and comparative research design was adopted. ESG data from 50 leading Indian manufacturing
firms, representing the oil, chemical, metal, and automobile sectors, were collected from their Business Responsibil-
ity and Sustainability Reports, annual reports, and statutory disclosures for financial years 2021-22 and 2022-23.
Using non-parametric statistical methods, including the Kruskal-Wallis test, Dunn’s post hoc analysis, and the
Wilcoxon signed-rank test, the study assesses both cross-sectoral differences and year-on-year variations in ESG
performance.

Findings

Significant differences were observed across sectors in environmental metrics such as energy use, greenhouse gas
emissions, and waste generation. Social indicators, including employee turnover, gender diversity, and CSR spend-
ing, also varied considerably. Governance factors such as dividend payout and ownership structure showed mixed
alignment with sustainability benchmarks. The automobile and chemical sectors demonstrated stronger ESG inte-
gration, whereas the metal sector lagged in environmental performance.

Limitations

The analysis is limited to two financial years and focuses on the top ten companies within each sector, which may
exclude smaller yet impactful firms. Reliance on self-reported secondary data may also introduce potential reporting
biases.

Practical and Social Implications

The findings offer valuable insights for investors, regulators, and corporate decision-makers in identifying ESG-
aligned sectors and improving sustainability benchmarking. The study underscores the increasing relevance of ESG
accountability in India’s manufacturing sector and highlights the need for transparent, inclusive, and responsible
industrial practices that support long-term environmental and social well-being.

\_ Keywords : ESG, BRSR, Non-Parametric Analysis. )

* Assistant Professor, Garware Institute of Career Education & Development, University of Mumbai,
Vidyanagari Campus, Mumbai
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Introduction

Environmental degradation has become one of the
most persistent global challenges accompanying in-
dustrial growth and economic expansions. The en-
vironmental consequences of business operations
of an contributed to social tensions and ecological
imbalances (Almedya & Darmansyah, 2019). Con-
sequently corporations are now expected to balance
profitability with the responsibility towards envi-
ronmental and society supported by strong gov-
ernance structure that build community trust and
ensure long term resilience (Gray et al., 1995) In
2019, over 11,000 scientists from more than 150 na-
tions endorsed a global statement declaring an ur-
gent climate emergency, warning that the planet is
approaching critical ecological limits that threaten
both human and natural systems (Ripple et al., 2019;
The Guardian, 2019).

The concept of Environmental, Social, and Gover-
nance (ESG) responsibility has evolved as a frame-
work to address these global sustainability concerns.
Since its incorporation into the United Nations Prin-
ciples for Responsible Investment (UN PRI) in 2006,
ESG has gained prominence in academic research,
policy debates, and corporate practices (Lee et al.,
2022; Tylec, 2022; Zyznarska-Dworczak, 2022;
Yu & Xiao, 2022; Wang et al., 2023). The growing
emphasis on ESG reflects a shift from short-term fi-
nancial performance toward a broader understand-
ing of corporate value creation that includes envi-
ronmental protection, social equity, and transparent
governance. The momentum intensified after the
2015 Paris Agreement, which catalyzed a surge in
sustainability-oriented studies and corporate initia-
tives aimed at mitigating climate change and pro-
moting responsible business conduct (Allen et al.,
2016; Mio et al., 2020; Budzanowska-Drzewieck et
al., 2023; Sullivan et al., 2017).

Globally, ESG considerations have become inte-
gral to investment decision-making, with investors
increasingly relying on non-financial disclosures to

assess corporate risk and sustainability performance
(Bianchi et al., 2010; Coleman et al., 2010). ESG
reporting captures a firm’s environmental footprint,
resource management, human rights practices, and
ethical conduct. It provides transparency to both in-
ternal and external stakeholders and demonstrates
a company’s commitment to responsible growth
(Wong, 2017). As global financial systems evolve,
ESG-integrated investment models are replacing
traditional frameworks that focused exclusively on
economic returns (Cadman, 2012; Fijalkowska et
al., 2018; Hang & Geyer-Klingeberg, 2019; Perdana
& Tan, 2024). The increased focus on ESG disclo-
sure thus serves as a strategic tool for risk man-
agement, stakeholder engagement, and sustainable
competitiveness.

The global landscape of sustainability reporting con-
tinues to evolve, driven by rising investor demand for
credible and standardized ESG information. Prom-
inent international frameworks such as the Global
Reporting Initiative (GRI), Carbon Disclosure Proj-
ect (CDP), Sustainability Accounting Standards
Board (SASB), and United Nations Global Compact
(UNGC) have developed key performance indica-
tors that help organizations assess and communicate
their sustainability impact. These frameworks have
guided firms in integrating sustainability into their
operational and reporting systems, enhancing trans-
parency and accountability (Das et al., 2023).

In India, the evolution of ESG and sustainability re-
porting has followed a distinct trajectory. Corporate
Social Responsibility (CSR) was initially treated as
a voluntary or philanthropic activity until the Com-
panies Act, 2013, made CSR spending mandatory
for qualifying firms. This legislative step positioned
India as the first country to legally enforce CSR ob-
ligations, marking a paradigm shift from philanthro-
py to accountability in corporate governance. The
subsequent introduction of the Business Responsi-
bility and Sustainability Report (BRSR), replacing
the earlier Business Responsibility Report (BRR),
further institutionalized ESG disclosure practices.
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Under guidelines issued by the Securities and Ex-
change Board of India (SEBI), the top 1,000 listed
firms by market capitalization are now required to
publish BRSR reports from FY 2022-23 onward.
This transition has standardized sustainability re-
porting in India, enabling investors to better assess
firms’ non-financial performance (EY, 2021; Cyrill,
2023).

The manufacturing sector occupies a pivotal role in
India’s economic development, consistently contrib-
uting around 17% of GDP and employing millions.
As the government seeks to expand industrial out-
put and employment through initiatives like Make in
India, the sustainability of manufacturing process-
es has gained policy significance (Mehta & Rajan,
2017; IBEF, 2023d). However, the sector is also a
major source of energy consumption, waste genera-
tion, and carbon emissions, making it central to the
national sustainability agenda. While manufacturers
are increasingly disclosing their ESG performance,
empirical research comparing the actual quantitative
ESG data across manufacturing sub-sectors remains
limited (Buallay et al., 2019).

Sustainable manufacturing therefore demands an
integrated approach covering eco-efficient design,
cleaner production technologies, resource optimi-
zation, waste minimization, and ethical governance.
Regulatory frameworks, stakeholder expectations,
and market pressures are accelerating this transition
(Mallya, 2023). Against this background, the pres-
ent study investigates the ESG performance of key
manufacturing sub-sectors oil, chemical, cement,
metal, and automobile using actual reported data.
The objective is to evaluate how these sectors differ
in their progress toward sustainability, thereby con-
tributing to the understanding of India’s industrial
alignment with global ESG standards.

Literature Review

Sustainability reporting has become one of the
critical mechanisms through which organizations

communicate their environmental, social, and gov-
ernance (ESG) performance. Recent research under-
scores that transparent disclosure of ESG data can
serve as a catalyst for internal reflection and perfor-
mance enhancement, helping firms align strategic
decisions with long-term sustainability objectives.
According to EY (2023), effective ESG reporting
encourages organizations to treat sustainability data
with the same rigor as financial disclosures, enabling
more accurate decision-making and accountability.
However, global evidence indicates that only about
a quarter of firms possess robust systems to support
reliable ESG reporting and assurance, reflecting sig-
nificant room for improvement (KPMG, 2023).

This study focuses on five prominent sub-sectors of
Indian manufacturing oil, chemical, cement, metal,
and automobile each of which plays a vital role in
industrial output and environmental impact. The oil
and gas sector forms the backbone of India’s energy
infrastructure and has deep linkages with national
economic growth. As India’s GDP is projected to
reach USD 8.6 trillion by 2040, energy demand is
expected to almost double, making sustainable prac-
tices in this sector increasingly urgent (IBEF, 2023e).
The sector faces mounting criticism for its heavy
dependence on fossil fuels, limited transparency in
emission reporting, and delayed adoption of clean-
er technologies (Coffin, 2021). Recent scholarship
highlights that oil and energy companies must ad-
dress regulatory expectations and societal pressures
by integrating low-carbon strategies while maintain-
ing profitability (Patéri et al., 2014; Ramirez-Orella-
na et al., 2023).

The chemical industry is another major contributor
to India’s GDP, accounting for approximately 7%
and employing over two million people. Produc-
ing more than 80,000 products, it has strong link-
ages with agriculture, textiles, and food processing
(IBEF, 2023c; Kapoor & Negi, 2022). Nonetheless,
sustainability challenges persist especially concern-
ing waste management, pollution, and the grow-
ing crisis of microplastics (Sanchez-Bayo, 2011).
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Scholars argue that future competitiveness in the
chemical industry will depend not only on profit-
ability and product innovation but also on adopting
cleaner technologies, promoting recyclability, and
embracing circular economy models (Jain et al.,
2023; Papafloratos et al., 2023). These strategies
help balance economic growth with environmental
stewardship and social accountability.

The cement sector occupies a unique position in In-
dia’s industrial landscape, ranking second globally
in production capacity and contributing over 8% of
the world’s installed capacity. Forecasts suggest the
sector could expand at a compound annual growth
rate of 4.7% between 2024 and 2032 (IBEF, 2023b).
Studies highlight that the Indian cement industry is
among the most efficient worldwide in energy utili-
zation, technological adaptability, and climate-con-
scious production practices (Kukreja et al., 2020).
Yet, as cement manufacturing remains one of the
largest sources of carbon emissions, companies are
increasingly expected to disclose their sustainabil-
ity performance and adopt innovations that reduce
CO: emissions in line with the Paris Agreement tar-
gets (Orozco et al., 2019).

The metal industry, particularly steel, has also ex-
perienced rapid expansion in the past decade. Do-
mestic steel production has increased by 75% since
2008, and annual output is projected to exceed 300
million tonnes by 2030-2031 (IBEF, 2023f). In-
dia’s access to high-quality iron ore and non-cok-
ing coal provides the sector with a strong resource
advantage (Ministry of Steel, 2017). However, the
energy-intensive and high-emission nature of met-
al production has placed the sector under pressure
to transition toward greener operations. Research
has shown that mining and metal firms are incor-
porating ESG frameworks to improve stakeholder
relations, reduce ecological damage, and align with
global sustainability standards (Michaels et al.,
2022; Haagensen et al., 2023; IEA, 2023).

The automobile industry represents another critical

segment of India’s manufacturing base, contribut-
ing about 7% to GDP and serving as a key driver of
employment and exports (IBEF, 2023a). Support-
ed by favorable government policies and growing
consumer demand, the sector has established itself
as a global manufacturing hub (Miglani, 2019). Re-
cent academic work suggests that automakers are
increasingly embedding ESG principles in their
strategic frameworks to enhance competitiveness
and build trust with investors and customers (Billio
et al., 2021; Tarmuji et al., 2016). Corporate Social
Responsibility (CSR) reporting in this sector reflects
a commitment to social inclusion, environmental
responsibility, and greater transparency in gover-
nance (Russo Spena et al., 2018). As sustainability
expectations rise, automobile firms are focusing on
clean technology, circular supply chains, and work-
force inclusivity to improve ESG outcomes (Dinca
et al., 2023).

The increasing importance of Environmental, So-
cial, and Governance (ESG) practices has trans-
formed corporate sustainability from a voluntary
initiative into a strategic imperative for long-term
value creation. Recent empirical evidence suggests
that organizations with stronger ESG disclosures
exhibit improved financial performance, enhanced
stakeholder confidence, and better access to capital
markets. In the Indian context, the implementation
of the Business Responsibility and Sustainabili-
ty Reporting (BRSR) framework has significantly
strengthened corporate sustainability reporting and
transparency.

Bania and Biswas (2024) examined key ESG met-
rics across major Indian manufacturing segments
and demonstrated considerable sectoral differences
in environmental efficiency, social responsibility,
and governance quality. Their findings indicate that
sustainability performance varies substantially de-
pending on industry characteristics and operational
intensity, emphasizing the need for sector-specific
evaluation models.
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Similarly, Malik and Kashiramka (2024) investigat-
ed the relationship between ESG disclosure quality,
firm performance, and cost of debt among Indian
companies. Their study found that comprehensive
ESG reporting enhances financial performance
while reducing financing costs, reinforcing the stra-
tegic importance of sustainability disclosures for
corporate competitiveness.

Expanding the industry-specific perspective, Paridhi
and Ritika (2025) reported a significant positive
association between ESG disclosures and return
on assets across Indian firms, with the strength of
the relationship varying across different industries.
Their findings highlight the importance of sectoral
analysis in understanding ESG effectiveness and
support the argument that sustainability practices
create measurable business value.

Within the petroleum industry, Pugazh and C. (2025)
demonstrated that ESG integration contributes posi-
tively to operational performance, stakeholder trust,
and long-term financial stability. Their research fur-
ther emphasizes the growing importance of sustain-
ability initiatives in traditionally carbon-intensive
sectors undergoing energy transition.

From an innovation perspective, Goud (2025) es-
tablished that ESG disclosure quality positively
influences research and development investment
and overall firm performance among Indian corpo-
rations. The study suggests that transparent sustain-
ability practices encourage innovation and strength-
en organizational competitiveness in dynamic
business environments.

Recent evidence from the Indian manufacturing
sector also highlights the critical role of governance
mechanisms in improving sustainability perfor-
mance. A study published in the International Jour-
nal of Research and Innovation in Social Science
(IJRISS, 2025) reported that stronger corporate
governance practices significantly enhance ESG
performance and organizational accountability,
supporting the integration of governance structures

into sustainability strategies.

Furthermore, Arunkumar, Divya, and Chandan
(2025) employed Data Envelopment Analysis
(DEA) to evaluate ESG efficiency in the Indian
information technology sector and identified con-
siderable differences in sustainability efficiency
among firms. Their findings demonstrate the use-
fulness of quantitative analytical approaches for
benchmarking ESG performance and encourage the
application of advanced statistical methods across
industries.

Although recent studies have significantly advanced
ESG research in India, existing literature primarily
focuses on individual industries, financial outcomes,
or disclosure quality. Comprehensive comparative
analyses across multiple manufacturing sectors us-
ing robust non-parametric statistical techniques re-
main limited. Moreover, empirical investigations
utilizing post-BRSR disclosures to evaluate year-
on-year sustainability performance are still emerg-
ing. Therefore, the present study addresses these
gaps by conducting a comparative non-parametric
analysis of ESG performance across major Indian
manufacturing sectors, providing evidence-based
insights for policymakers, investors, and corporate
managers.

Overall, the reviewed literature indicates that while
Indian manufacturing industries are moving toward
more sustainable models, progress remains uneven
across sub-sectors. The empirical gap lies in com-
parative, data-driven analyses that evaluate ESG
metrics based on actual reported values rather than
narrative disclosures. The present study addresses
this gap by applying non-parametric statistical tools
specifically the Kruskal-Wallis test, Dunn’s post
hoc test, and the Wilcoxon signed-rank test to ex-
amine inter-sectoral variations in ESG performance.
By quantifying differences in environmental, social,
and governance dimensions, the study provides an
evidence-based understanding of how Indian man-
ufacturing sectors are progressing toward sustain-
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ability.
Research Methodology

This study adopts a quantitative, cross-sectional,
and comparative research design to analyze ESG
(Environmental, Social, and Governance) perfor-
mance across key Indian manufacturing sub-sec-
tors. The methodology is structured around second-
ary data obtained from reliable public disclosures,
ensuring objectivity and replicability of results.

1. Data Source and Sample Selection

The research is based on ESG-related indicators
extracted from corporate sustainability disclosures,
including the Business Responsibility and Sus-
tainability Report (BRSR), sustainability reports,
and annual reports of selected firms. The BRSR,
introduced by the Securities and Exchange Board
of India (SEBI) in 2021, replaced the earlier Busi-
ness Responsibility Report (BRR) framework to
strengthen ESG transparency and accountability.
This framework emphasizes nine guiding principles
covering ethical business conduct, product respon-
sibility, employee well-being, stakeholder inclu-
sivity, environmental protection, policy advocacy,
equitable development, and consumer responsibil-
ity. Since FY 2022-23, SEBI has mandated the top
1,000 listed companies by market capitalization to
file BRSR reports annually, which include quanti-
tative ESG data. In alignment with this framework,
the present study selects 50 leading companies
across five core manufacturing sub-sectors (a) oil
(including gas and consumable fuels), (b) chemical,
(c) cement, (d) metal, and (e) automobile (includ-
ing auto components). From each sub-sector, the
top ten firms by market capitalization were identi-
fied and included in the analysis. The dataset covers
two financial years, 2021-22 and 2022-23, since
the BRSR reports provide comparable ESG metrics
across these years.

2. Data Analysis Framework

The study focuses on quantifiable ESG parame-
ters reported by the selected firms. Environmen-
tal indicators include metrics such as total energy
consumption, renewable energy use, greenhouse
gas (GHG) emissions (scope 1 and scope 2), waste
generation, recycled waste, and water consumption.
Social indicators encompass employee turnover,
retention, gender representation, health and safety
training, CSR spending, and input material sourcing
from MSMEs. Governance parameters cover share-
holder patterns, dividend rates, promoter holdings,
institutional shareholding, and investor complaints.

The data were first summarized using descriptive
statistics (mean values and frequency distributions)
to establish an overall sectoral profile. The number
of companies performing above or below the mean
for each ESG parameter was computed to gauge
sectoral variability.

3. Statistical Techniques Employed

To test the statistical significance of inter-sectoral
differences, the study employs non-parametric sta-
tistical methods, which are suitable for data that do
not follow normal distribution patterns.

1. Kruskal-Wallis Test — Applied to determine
whether there are statistically significant differ-
ences in ESG parameter distributions across the
five manufacturing sub-sectors.

2. Dunn’s Post Hoc Test — Conducted following
significant Kruskal-Wallis results to identify
specific sector pairs that differ in ESG perfor-
mance.

3. Wilcoxon Signed-Rank Test — Used to compare
ESG parameter values between the two financial
years (2021-22 and 2022-23) to detect temporal
shifts in sustainability performance.

These statistical tests provide robust insights into
whether ESG variations are random or sector-spe-
cific, and whether measurable progress has been
achieved year-on-year.
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4. Ethical Considerations and Data Integrity

As the study exclusively relies on publicly available
corporate disclosures, no primary data collection or
human participation was involved. All information
has been sourced from verifiable documents to en-
sure transparency, credibility, and adherence to ethi-
cal research standards.

By employing a non-parametric statistical frame-
work on quantitative ESG data from top-perform-
ing Indian manufacturers, this study systematically
identifies patterns, gaps, and progress in sustainabil-
ity performance across sub-sectors. The method-
ological design enables a comparative and tempo-
ral analysis of ESG practices, providing empirical
grounding for future research, investment evalua-

tion, and policy formulation in the domain of sus-
tainable manufacturing.

Results and Discussion

Table 1 presents the summary of measurement units,
mean values, and the number of companies perform-
ing above and below the mean for key Environ-
mental, Social, and Governance (ESG) parameters
across 50 Indian manufacturing firms. The analysis
provides a snapshot of sectoral sustainability perfor-
mance and reveals significant variation in corporate
practices under each ESG pillar.

Table 1. Measurement Units, Mean Values, and Dis-
tribution of Firms Above or Below Mean ESG Pa-
rameters (N = 50)

Category / Parameter Unit of Measure- Mean Value No. of No. of
ment Firms Firms
Above Below
Mean Mean
A. Environmental Indicators
Total energy consumption Gigajoules 102,527,499.23 13 37
Energy consumed from renew- Percentage 7.36 12 38
able sources
Total Scope 1 emissions Metric tonnes of CO2 9,664,975.10 13 37
equivalent
Total Scope 2 emissions Metric tonnes of CO- 829,977.40 10 40
equivalent
Total waste generated Metric tonnes 2,263,819.28 8 42
Total recycled waste Metric tonnes 1,893,525.49 6 44
Total volume of water withdrawn | Kilolitres 24,863,674.43 11 39
Total volume of water consumed | Kilolitres 23,643,551.21 10 40
B. Social Indicators
Employee turnover rate Percentage 14.26 21 29
Return-to-work rate post parental | Percentage 98.59 42 8
leave
Employee retention rate Percentage 95.84 33 17
Total number of employees Number 8,393.08 13 37
Female employees as proportion | Percentage 7.14 20 30
of total workforce
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Employees with performance and | Percentage of total 94.72 39 11
career development review employees
Employees trained in health and | Percentage of total 67.45 28 22
safety measures employees
Employees trained in skill upgra- | Percentage of total 67.23 29 21
dation employees
Employees trained in human Percentage of total 65.98 31 19
rights policy employees
Lost time injury frequency rate Lost time injuries per 0.20 14 36
(LTIFR) million-person hours
worked
Employee fatalities Number 0.52 9 41
Input material sourced from MS- [ Percentage 19.13 16 34
MESs/small producers
CSR expenditure Percentage of total 117.54 12 38
CSR obligation
C. Governance Indicators
Shareholder/investor complaints | Number 221.07 7 43
received
Highest traded share price X (INR) 2,452.91 13 37
Final dividend per share X (INR) 16.36 7 43
Outstanding equity shares Number 2,819,379,939.74 11 39
Total number of shareholders Number 657,756.84 16 34
Promoter shareholding Percentage 54.93 28 22
Foreign institutional/portfolio Percentage 14.34 23 27
investor (FII/FPI) shareholding
Mutual fund shareholding Percentage 9.75 22 28
Insurance company shareholding | Percentage 5.53 24 26
Equity held in dematerialized Percentage of total 99.17 39 11
form (NSDL/CDSL) equity share capital

Environmental Indicators

The environmental data highlight substantial het-
erogeneity in energy consumption, emissions, waste
generation, and water usage. The mean total ener-
gy consumption across all firms is 102,527,499.23
gigajoules, with only 26% (13 firms) reporting con-
sumption levels above the average, reflecting the
dominance of energy-intensive operations in heavy

manufacturing sectors such as metal and cement.
Similarly, the proportion of energy derived from
renewable sources remains minimal only 12 firms
(24%) exceeded the mean share of 7.36%, indicat-
ing limited adoption of renewable energy technolo-
gies within Indian manufacturing.

The findings for greenhouse gas (GHG) emissions
reinforce this pattern. The mean Scope 1 and Scope
2 emissions stand at 9.66 million and 0.83 million
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metric tonnes of CO: equivalent, respectively, with
most firms reporting below-average figures. This
suggests that while some companies have adopted
emission mitigation measures, a large proportion
continue to rely heavily on conventional, carbon-in-
tensive production systems.

In terms of waste management, only 16% of firms
generated waste volumes above the mean value of
2.26 million metric tonnes, while an even smaller
group (12%) recycled or reused waste above the
average level of 1.89 million metric tonnes. This
points to the need for more comprehensive recycling
and circular economy initiatives. Similarly, both wa-
ter withdrawal (mean: 24.86 million kilolitres) and
water consumption (mean: 23.64 million kilolitres)
show a skewed distribution, with the majority of
firms reporting values below the mean, implying
a concentration of high water usage among a few
large, resource-intensive companies.

Social Indicators

The social parameters demonstrate stronger and
more consistent performance across the sample,
though disparities remain. The average employee
turnover rate is relatively low at 14.26%, with near-
ly half of the companies (42%) showing better re-
tention than the mean. The return-to-work rate after
parental leave (mean: 98.59%) and the overall re-
tention rate (mean: 95.84%) are both notably high,
suggesting general compliance with labor welfare
norms and employee continuity policies.

However, gender diversity remains a significant
weakness. The share of female employees averag-
es only 7.14%, with 60% of companies falling be-
low the mean. This underscores the persistence of
male-dominated workforces in manufacturing in-
dustries.

On a positive note, the majority of firms demon-
strate strong commitment to employee development
and workplace safety. Over 78% of firms exceed the
mean for performance appraisal coverage (94.72%),
and a majority also report strong participation in

health and safety training (67.45%) and skill en-
hancement programs (67.23%). Similarly, human
rights and policy training is expanding, with 62% of
companies performing above the mean of 65.98%.
The low Lost Time Injury Frequency Rate (LTIFR)
of 0.20 per million-person hours and the minimal
average of 0.52 fatalities per company further affirm
improved occupational safety.

Engagement with smaller producers remains mod-
erate, with 19.13% of input materials on average
sourced from MSMEs. The CSR spending average
of 117.54% of the mandated obligation indicates
that while many firms meet minimum CSR require-
ments, only a minority exceed them, reflecting limit-
ed voluntary commitment beyond compliance.

Governance Indicators

Governance results reveal mixed outcomes. On
average, companies received 221 shareholder
complaints, with only 14% reporting above-mean
figures, suggesting adequate investor grievance
mechanisms. Market performance indicators show
variation: the average highest traded price of
%2,452.91 and the average dividend rate of X16.36
per share indicate moderate investor returns, though
only a small proportion of firms (14%) exceed these
means.

Ownership patterns highlight relatively high pro-
moter concentration, averaging 54.93%, with over
half of the companies (56%) above the mean. In-
stitutional participation remains limited: the mean
foreign institutional/portfolio investment (FII/FPI)
is 14.34%, while mutual fund holdings and insur-
ance company holdings average 9.75% and 5.53%,
respectively. These figures indicate that while pro-
moter-led governance continues to dominate, insti-
tutional oversight is gradually expanding. Encour-
agingly, nearly all companies (99.17%) maintain
their equity in dematerialized form, reflecting full
regulatory compliance and transparency.

Table 2 compares the proportion of firms perform-
ing above and below the mean for key environ-
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mental parameters across five major Indian manu-
facturing sub-sectors oil, chemical, metal, cement,
and automobile. The analysis provides insights into
how each sector differs in energy consumption,

renewable energy usage, emission levels, waste
management, and water utilization, offering an ev-
idence-based understanding of sectoral sustainabil-
ity maturity.

Table 2. Sector-Wise Distribution of Firms Above and Below the Mean for Key
Environmental Parameters (in %)
Oil Sector Chemical Metal Cement Automobile
Environmental Sector Sector Sector Sector
Parameter Above | Below | Above | Below | Above | Below | Above | Below | Above | Below
Mean |[Mean |[Mean |Mean |[Mean |Mean |Mean |[Mean |Mean |Mean
Total energy 40 60 0 100 | 60 40 30 70 0 100
consumption
Energy con-
sumed from re- 0 100 10 90 20 80 10 90 &0 20
newable sources
Total Scope 1 30 70 0 100 | 50 50 50 50 0 100
emissions
Total Scope 2 20 80 10 90 60 40 10 90 0 100
emissions
Total waste gen-
0 100 0 100 80 20 0 100 0 100
erated
Total recycled 0 100 0 100 | 60 40 0 100 0 100
waste
Total water with-1 3| 56 | 10 | 90 | 70 | 30 o | 100 | o | 100
drawal
Total water con-
i 20 80 10 90 70 30 0 100 0 100
sumption

Energy Consumption and Renewable Energy
Use

Energy consumption patterns vary widely across
sectors. A relatively balanced distribution is ob-
served in the metal sector, where 60% of firms op-
erate above the mean total energy consumption,
reflecting the industry’s inherently high energy in-
tensity. Conversely, the chemical and automobile
sectors report no firms above the mean, suggesting
comparatively lower energy requirements or more
efficient production processes. The oil and cement
sectors show moderate levels of consumption, with

40% and 30% of firms, respectively, exceeding the
mean.

In terms of renewable energy utilization, the automo-
bile sector demonstrates the strongest commitment
to sustainable energy, with 80% of firms performing
above the mean. This reflects growing adoption of
solar and clean energy systems in response to glob-
al supply-chain sustainability pressures. In contrast,
the oil and cement sectors exhibit complete reliance
on non-renewable sources, with 100% of firms be-
low the mean. The chemical and metal sectors show
limited renewable integration, with only 10% and
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20% of firms, respectively, exceeding average lev-
els. These results clearly indicate that renewable en-
ergy transition remains uneven across Indian manu-
facturing, with heavy industries lagging far behind
consumer-oriented sectors.

Greenhouse Gas Emissions

Emissions performance, measured through Scope
1 (direct) and Scope 2 (indirect) indicators, reveals
stark inter-sectoral disparities. The metal and ce-
ment sectors each record balanced distributions for
Scope 1 emissions, suggesting mixed performance
between firms with modern emission control tech-
nologies and those with conventional production
methods. The oil sector performs slightly better,
with 30% of firms below mean emissions, though
the overall carbon footprint remains substantial. In
contrast, the chemical and automobile sectors have
no firms above the mean, indicating comparatively
lower emission volumes.

For Scope 2 emissions, the pattern remains simi-
lar: the metal sector shows the best performance,
with 60% of companies above the mean, followed
by moderate results from oil (20%) and chemical
(10%) sectors. The cement and automobile indus-
tries display limited progress, with nearly all firms
below the mean. These findings confirm that ener-
gy-intensive sectors, particularly metals, have start-
ed investing in emission management, while others
rely on external energy suppliers with limited re-
newable integration.

Waste Generation and Recycling

The data reveal significant differences in waste
management practices. The metal sector again out-
performs others, with 80% of companies reporting
above-mean waste generation and 60% demonstrat-
ing higher-than-average recycling rates. This dual
pattern reflects both the material-intensive nature
of the industry and its growing adoption of waste
recovery systems. In contrast, all firms in the oil,
chemical, cement, and automobile sectors report
below-mean values for both waste generation and

recycling, suggesting less focus on circular econo-
my initiatives or reporting limitations.

Water Withdrawal and Consumption

The analysis of water-related indicators demon-
strates that the metal sector is the most water-in-
tensive, with 70% of firms above the mean in both
water withdrawal and consumption. This is consis-
tent with the sector’s operational dependence on
cooling, washing, and processing activities. The oil
sector also records moderate water usage, with 30%
of firms above the mean in withdrawal and 20% in
consumption. Conversely, the chemical, cement,
and automobile industries show minimal water uti-
lization, with only 10% or fewer firms performing
above the mean. These patterns suggest that while
some progress has been made in adopting recycling
and reuse practices, overall water efficiency remains
a challenge for most manufacturing sectors.

Table 3 presents the percentage of firms performing
above or below the mean for key social performance
indicators across five manufacturing sub-sectors:
oil, chemical, metal, cement, and automobile. The
indicators encompass workforce stability, diversity,
employee training, occupational safety, and corpo-
rate social responsibility (CSR) engagement. The
findings highlight both progressive practices and
persistent disparities in social performance within
India’s manufacturing ecosystem.
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Table 3. Sectoral Distribution of Companies Above and Below the Mean for Key Social

Parameters (in %)

Table 3. Sectoral Distribution of Companies Above and Below the Mean for
Key Social Parameters (in %)

QOil Sector Chemical Metal Cement Automobile
Social Sector Sector Sector Sector
Parameter Above | Below | Above | Below [ Above [ Below [ Above | Below | Above | Below

Mean |Mean |Mean [Mean |Mean |Mean |Mean [Mean |Mean |[Mean
Employee turn- 20 | 80 | 80 | 20 | 10 | 90 | 50 | 50 | s0 | s0
over rate
Return-to-work
rate after parental 70 30 90 10 100 0 80 20 80 20
leave
Employeereten- | ¢ 1 55 | 50 | s0 | 60 | 40 | 80 | 20 | 60 | 40
tion rate
Totalnumber of 5| o | o | 100 | 40 | 60 | 10 | 90 | 40 | 60
employees
Female employees
as proportion of 50 50 40 60 60 40 0 100 50 50
workforce
Employees receiv-
ing performance |, 150 | 5o | 50 | 8o | 20 | 90 | 10 | 90 | 10
& career develop-
ment review
Employees trained
in health & safety 30 70 90 10 60 40 40 60 60 40
measures
Employees trained
for skill upgrada- 50 50 70 30 50 50 60 40 60 40
tion
Employees trained
on human-rights 40 60 80 20 70 30 40 60 80 20
policy & issues
Lost Time Injury
Frequency Rate 30 70 30 70 50 50 20 80 10 90
(LTIFR)
Number of em- 30 | 70 | 10 | 90 | 50 | 50 o | 100 | o | 100
ployee fatalities
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Input material

sourced from

MSMESs/small >0 30 30 70 60 40 10 90 10 90
producers

CSR expenditure 20 80 10 90 60 40 50 50 0 100

Workforce Stability and Employee Retention

The turnover rate of employees reveals notable
variation across sectors. The chemical industry
leads with 80% of firms above the mean, followed
by the cement and automobile sectors, where half
the firms exceed the average. Conversely, the metal
and oil sectors record the weakest retention, with
only 10% and 20%, respectively, above the mean.
This pattern reflects stronger workforce manage-
ment and engagement practices in the chemical
sector, where stable employment relationships are
prioritized, compared to the volatility observed in
resource-intensive industries.

Employee retention patterns reinforce these obser-
vations. The cement sector performs best, with 80%
of firms above the mean retention rate, suggesting
effective retention policies and worker satisfaction.
The automobile and metal industries also show
moderately strong performance (60% above mean).
In contrast, the chemical and oil sectors show rel-
atively balanced distributions, indicating varying
success in retaining skilled employees.

Parental Leave and Gender Diversity

The return-to-work rate after parental leave is ex-
ceptionally high across sectors, with 90-100% of
firms in the chemical, metal, cement, and auto-
mobile sectors performing above the mean. This
suggests a strong adherence to gender-sensitive
workplace policies and inclusive human resource
practices. The oil sector trails slightly, though 70%
of its firms still exceed the mean.

However, gender diversity remains limited across
all industries. The proportion of female employees
shows balanced representation in most sectors 50%
of firms above and below the mean except for the

cement industry, where all firms (100%) fall below
the average. This highlights a continuing challenge
for traditionally male-dominated sectors such as ce-
ment and metals to integrate gender diversity into
their workforce structures.

Employee Development and Training

Indicators related to training and professional de-
velopment suggest that most sectors have institu-
tionalized employee growth programs. For instance,
80-90% of firms in the metal, cement, and automo-
bile sectors perform above the mean in conducting
performance and career development reviews. The
chemical and oil sectors also show positive engage-
ment, though with slightly more variation.

In terms of health and safety training, the chemical
sector stands out, with 90% of firms above the mean
consistent with its regulatory requirements for haz-
ardous material handling. The metal and automo-
bile sectors follow closely, with 60% of firms above
average. The oil and cement sectors report weaker
results, with a majority of firms below the mean,
indicating the need for improved safety culture in
these high-risk industries.

For skill upgradation, approximately half or more of
firms in all sectors exceed the mean, demonstrating
consistent efforts toward workforce enhancement.
Similarly, human rights and policy training shows
widespread adoption, led by the automobile (80%
above mean) and chemical (80%) sectors both in-
dustries that are closely monitored for ethical com-
pliance due to global value chain participation.

Occupational Safety and CSR Engagement

The Lost Time Injury Frequency Rate (LTIFR) re-
sults show relatively balanced patterns across sec-
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tors, though the cement industry performs best,
with 80% of firms below the mean, indicating fewer
workplace injuries. Fatalities are nearly non-existent
in the cement and automobile sectors (100% below
mean), while higher incidents are reported in oil and
metal industries, where only 30-50% of firms remain
above the mean safety threshold. This reinforces the
need for continuous safety audits and modern risk
management systems in these heavy industries.

Regarding CSR performance, sectoral differences
are evident. The oil and chemical sectors record the
weakest performance, with only 20% and 10% of
firms, respectively, exceeding the mean. In contrast,
metal (60%) and cement (50%) firms display stron-
ger CSR participation, aligning with broader corpo-
rate responsibility frameworks. The automobile sec-
tor, however, shows the poorest engagement, with
no firms above the mean, suggesting CSR activities
are yet to be fully integrated into its strategic agenda
despite its high consumer visibility.

MSME Sourcing and Inclusive Supply Chains

The indicator for input sourcing from micro, small,
and medium enterprises (MSMESs) highlights mixed
inclusion practices. The metal sector performs best,
with 60% of firms sourcing above the mean pro-
portion of materials from small producers, reflect-
ing more localized supply networks. Conversely,
the chemical and automobile sectors show limited
engagement, with only 30—40% of firms above the
mean, pointing to potential opportunities for ex-
panding supplier diversity.

Table 4 presents the sectoral distribution of compa-
nies performing above or below the mean for ma-
jor governance parameters, including shareholder
activity, ownership composition, dividend distribu-
tion, and capital structure transparency. The results
highlight contrasting levels of governance maturity
across India’s key manufacturing sectors.

Table 4. Sectoral Distribution of Companies Above and Below the Mean for Key

Governance Parameters (in %)

Sectoral Distribution of Companies Above and Below the Mean for
Key Governance Parameters (in %)
Oil Sector Chemical Metal Cement Automobile
Governance Sector Sector Sector Sector
Parameter Above | Below | Above | Below | Above | Below | Above | Below [ Above | Below
Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean

Shareholder com- |30 70 10 90 10 90 10 90 10 90
plaints received
High traded price |0 100 |40 60 0 100 30 70 60 40
Rate of final divi- [0 100 10 90 0 100 10 90 50 50
dend per share
Outstanding equity | 50 50 0 100 |40 60 0 100 20 80
shares
Total sharcholders |50 50 10 90 60 40 10 90 30 70
Shareholding of 50 50 50 50 70 30 30 70 40 60
promoters
Shareholding of 50 50 40 60 50 50 20 80 70 30
FII/FPI
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Shareholding of
mutual funds

20 80 50 50

20 80 60 40 70 30

Shareholding of in- | 70 30 40 60

surance companies

50 50 30 70 50 50

Share capital held | 100 0 70 30
in dematerialized
form (NSDL/

CDSL)

80 20 50 50 90 10

Shareholder Engagement and Market Activity

The indicator for shareholder complaints shows lim-
ited dispersion across sectors. Only 10-30% of firms
in any given industry report figures above the mean,
implying that most companies maintain relatively
low levels of investor grievance. This may indicate
satisfactory compliance with disclosure norms but
could also reflect under-reporting or limited share-
holder activism, especially in traditional industries
such as cement and metal, where 90% of firms are
below the mean.

Market-related variables, such as high traded price
and dividend rate, display greater differentiation.
The automobile sector demonstrates stronger stock
market performance, with 60% of firms recording
above-mean traded prices and 50% distributing high-
er dividends. In contrast, the oil and metal sectors
report no firms above the mean for these indicators,
suggesting subdued investor returns. The chemical
and cement sectors occupy the middle ground, with
modest above-average representation.

Equity Structure and Ownership Patterns

The number of outstanding equity shares and total
shareholders illustrate the structural diversity of
ownership across industries. The metal sector leads
with 40-60% of companies above the mean in both
categories, reflecting broader equity participation
and possibly higher public float. Conversely, the
chemical and cement sectors exhibit limited share-
holder bases, with all or most companies below the
mean an indicator of concentrated ownership.

Ownership concentration remains a defining feature
of Indian manufacturing. Promoter shareholding
averages high across all sectors, with particular-
ly strong concentration in the metal industry (70%
above mean) and moderate levels in oil and chemi-
cal sectors (each at 50%). The cement sector shows
lower promoter control, suggesting greater institu-
tional or diversified ownership.

The participation of Foreign Institutional Investors
(FlIs) and Foreign Portfolio Investors (FPIs) var-
ies significantly. The automobile sector shows the
highest international investment, with 70% of firms
above the mean, signaling greater global investor
confidence and stronger governance standards. The
chemical and metal industries exhibit moderate in-
stitutional presence, whereas cement firms lag with
only 20% above the mean.

Institutional Investment and Governance Over-
sight

The data for mutual fund and insurance company
shareholdings reveal distinct investment trends. The
automobile and cement sectors attract stronger mu-
tual fund participation (60—70% above mean), indi-
cating growing investor interest in industries with
stable cash flows and policy visibility. The oil and
metal sectors, on the other hand, remain less favored
by institutional investors, with 80% of firms below
the mean.

Insurance company investment is more evenly dis-
tributed. The oil sector stands out, with 70% of firms
above the mean, likely due to the dominance of
large, well-established firms with lower perceived
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risk. Other sectors such as metal and automobile
maintain balanced patterns, with 50% of companies
in each performance category.

Capital Transparency and Compliance

A near-universal positive trend emerges for share
capital dematerialization, a key governance indi-
cator of transparency and regulatory adherence.
All sectors display strong compliance with NSDL/
CDSL norms: 100% of firms in the oil sector, 90%
in automobiles, and 80% in metals hold fully dema-

terialized equity shares. This underscores the suc-
cess of India’s capital market reforms in mandating
electronic shareholding systems that enhance inves-
tor protection and corporate transparency.

The Kruskal-Wallis test results in Table 5 reveal
significant sectoral variation across all eight envi-
ronmental parameters evaluated. Since all p-values
are below 0.05, each null hypothesis is rejected, con-
firming that the distributions of environmental per-
formance indicators are not uniform across sectors.

Table 5. Results of the Kruskal-Wallis Test for Environmental Parameters

Table 5. Results of the Kruskal-Wallis Test for Environmental Parameters

Null Hypothesis p-Value | Result
The distribution of total energy consumption is the same across all sector categories. | 0.000 [ Rejected
The distribution of energy consumed from renewable sources is the same across | 0.000 | Rejected
all sector categories.
The distribution of total Scope 1 emissions is the same across all sector categories. |0.000 [ Rejected
The distribution of total Scope 2 emissions is the same across all sector categories. |0.001 Rejected
The distribution of total waste generated is the same across all sector categories. |0.000 [ Rejected
The distribution of total recycled waste is the same across all sector categories. 0.005 Rejected
The distribution of total volume of water withdrawn is the same across all sector | 0.003 Rejected
categories.
The distribution of total volume of water consumed is the same across all sector | 0.006 [ Rejected
categories.

Energy Consumption and Renewable Energy Use

The highly significant results (p = 0.000) for both to-
tal energy consumption and energy from renewable
sources indicate that energy profiles differ consid-
erably among sectors. Energy-intensive industries
such as metal and cement consume disproportion-
ately higher energy, while automobile and chemical
sectors show more moderate usage. The sharp differ-
ence in renewable energy adoption reflects sectoral
disparities in technological capacity and regulatory
pressure automobile firms appear to lead in renew-
able integration, whereas oil and cement lag behind.

Greenhouse Gas Emissions

The test results for Scope 1 and Scope 2 emissions

(p = 0.000 and 0.001, respectively) demonstrate
statistically significant differences in carbon inten-
sity among sectors. Direct (Scope 1) emissions are
particularly high in heavy industries such as metals,
cement, and oil due to process-related combustion,
whereas the chemical and automobile sectors report
relatively lower emissions, benefiting from cleaner
production methods and tighter supply-chain mon-
itoring. The variation in Scope 2 emissions under-
scores uneven dependence on grid power, which
still relies heavily on fossil fuels in India.

Waste Management

The results for total waste generated (p = 0.000) and
total recycled waste (p = 0.005) also show signif-

16 Volume XVII Issue I e June 2026 e C.R.K.I.M.R. ISSN - 0976-2000



Quantifying Sustainability: A Non-Parametric Analysis of ESG Performance Across
Indian Manufacturing Sectors

icant heterogeneity. The metal sector produces the
highest waste volumes but simultaneously demon-
strates higher recycling rates, driven by economic
incentives and the recyclability of metal by-prod-
ucts. In contrast, oil and cement sectors exhibit lim-
ited recycling engagement, reflecting operational
and infrastructure constraints.

Water Usage and Withdrawal

The statistically significant findings for water with-
drawal (p = 0.003) and water consumption (p =
0.006) suggest that water dependency varies sharply
across manufacturing categories. The metal industry
displays the highest consumption, consistent with
its process requirements, while chemical and auto-

mobile sectors report comparatively lower figures,
possibly due to water-efficient technologies and
wastewater reuse systems. The results also highlight
the importance of water management as a critical
sustainability challenge across all sectors.

The Kruskal-Wallis results in Table 6 indicate that
only a subset of social parameters exhibit statistical-
ly significant inter-sectoral variation. Specifically,
differences are evident in employee turnover, female
workforce participation, employee fatalities, and
CSR spending, whereas most other social indica-
tors show similar distributions across sectors. This
pattern suggests that while some social aspects vary
by industry type, others reflect uniform compliance
with labor and welfare standards.

Table 6. Results of the Kruskal-Wallis Test for Social Parameters

Results of the Kruskal-Wallis Test for Social Parameters
Null Hypothesis p-Value | Result

The: distribution of the employee turnover rate is the same across all sector cate- 0.001 | Rejected
gories.
The distribution of the return-to-work rate after parental leave is the same across

i 0.841 | Accepted
all sector categories.
The dlsFrlbutlon of the employee retention rate is the same across all sector 0415 | Accepted
categories.
The dlsFrlbutlon of the total number of employees is the same across all sector 0.165 | Accepted
categories.
The distribution of female employees as a percentage of total workforce is the 0.001 | Rejected
same across all sector categories.
The d1§tr1but10n of employees with perforrpance and career development re- 0319 | Accepted
views is the same across all sector categories.
The distribution of emplioyees receiving health and safety training is the same 0359 | Accepted
across all sector categories.
The distribution of emplioyees receiving skill upgradation training is the same 0.650 | Accepted
across all sector categories.
The distribution of employees. receiving human rights and policy training is the 0.068 | Accepted
same across all sector categories.
The distribution of Lost Time InJur}{ Frequency Rate (LTIFR) among employees 0423 | Accepted
is the same across all sector categories.
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The dlstrlb}ltlon of the number of employee fatalities is the same across all sec- 0023 | Rejected
tor categories.

The distribution of input mate‘rlals sourced from MSMEs/small producers is the 0.146 | Accepted
same across all sector categories.

The distribution of CSR expenditure is the same across all sector categories. 0.022 | Rejected

Workforce Stability and Employee Retention

The test reveals a significant difference (p = 0.001)
in employee turnover rates among sectors, leading
to the rejection of the null hypothesis. High variabil-
ity in turnover suggests sector-specific employment
practices: industries such as metal and oil tend to ex-
perience higher workforce fluctuation due to physi-
cally demanding or cyclical work conditions, while
chemical and automobile sectors exhibit more stable
employment structures supported by better human
resource policies.

Conversely, the return-to-work rate after parental
leave (p = 0.841) and retention rate (p = 0.415) do
not differ significantly across sectors. This indicates
that most manufacturing firms adhere to uniform
labor welfare and maternity/paternity leave regula-
tions, possibly reflecting compliance with statutory
labor codes rather than voluntary policy differenti-
ation.

Gender Diversity and Inclusion

A statistically significant difference (p = 0.001) was
found in the distribution of female employment,
implying that gender representation varies wide-
ly among industries. The automobile and chemical
sectors show higher proportions of women in their
workforce, consistent with global supply-chain di-
versity initiatives. In contrast, cement and metal
sectors remain male-dominated due to the technical
and physical nature of their operations. This finding
underscores the persistent gender gap in traditional
manufacturing and the need for more inclusive re-
cruitment and workplace design strategies.

Employee Development, Training, and Safety

Parameters related to employee training and per-

formance review show no significant differences
across sectors (p > 0.05). This suggests that most
firms, irrespective of sector, follow standardized
training modules and appraisal systems mandated
by corporate governance and occupational safety
frameworks.

The LTIFR (p = 0.423) and human rights training (p
=0.068) also display no significant differences, indi-
cating that occupational safety standards and ethical
conduct training are broadly institutionalized across
manufacturing firms. However, despite these gener-
al similarities, qualitative differences may persist in
implementation quality something that standardized
ESG metrics alone may not capture.

Notably, the number of employee fatalities shows
a statistically significant difference (p = 0.023),
revealing that occupational safety outcomes vary
across industries. High-risk sectors like metal and
oil record more incidents compared to automobile
and cement, where automation and advanced safety
systems reduce workplace hazards.

CSR Engagement and MSME Sourcing

The analysis shows no significant difference (p =
0.146) in MSME sourcing, suggesting that most
firms engage similarly with smaller suppliers. How-
ever, the CSR expenditure (p = 0.022) result is sig-
nificant, implying variability in the extent and focus
of corporate social investments. Firms in the metal
and cement sectors, which often face community
and environmental scrutiny, spend more on CSR
initiatives than firms in the automobile or chemical
sectors, where community interface is limited. This
suggests that CSR spending may be driven more by
external stakeholder expectations and regulatory
visibility than by intrinsic social responsibility.
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The Kruskal-Wallis test results show that nine of
ten governance indicators differ significantly across
manufacturing sectors (p < 0.05), revealing that
corporate governance structures and market perfor-

mance are not homogeneous within India’s indus-
trial landscape. Only share-capital dematerialization
shows no significant variation, indicating universal
compliance with regulatory norms.

Table 7. Results of the Kruskal-Wallis Test for Governance Parameters

Results of the Kruskal-Wallis Test for Governance Parameters
Null Hypothesis p-Value | Result

The d1str1but19n of the number of shareholder complaints is the same across all 0.007 | Rejected
sector categories.
The d1s‘Fr1but10n of the highest traded share price is the same across all sector 0.000 | Rejected
categories.
The d1s‘Fr1but10n of the final dividend rate per share is the same across all sector 0.000 | Rejected
categories.
The distribution Qf the number of outstanding equity shares is the same across 0041 | Rejected
all sector categories.
The distribution of the total number of shareholders is the same across all sector .

. 0.019 | Rejected
categories.
;I;I;Se distribution of promoter shareholding is the same across all sector catego- 0.001 | Rejected
The distribution of foreign 1nst1tut1qnal/portf0ho investor (FII/FPI) shareholding 0004 | Rejected
1s the same across all sector categories.
Thg distribution of mutual-fund shareholding is the same across all sector cate- 0012 | Rejected
gories.
The d1str1b'ut10n of insurance-company shareholding is the same across all sec- 0027 | Rejected
tor categories.
The distribution of share capital hgld in dematerialized form (NSDL/CDSL) is 0.065 | Accepted
the same across all sector categories.

Shareholder Activity and Market Indicators

Significant differences in shareholder complaints (p
=0.007) and traded share prices (p = 0.000) reflect
contrasting levels of investor engagement and mar-
ket valuation. Automobile firms record the highest
traded prices and lowest complaint ratios, suggest-
ing strong investor confidence. In contrast, metal
and oil companies face greater shareholder griev-
ances and weaker stock performance, pointing to
governance gaps and reputational risks.

The dividend rate per share (p = 0.000) also var-
ies considerably, highlighting differences in payout
policies: capital-intensive sectors such as cement
and metal tend to retain earnings for reinvestment,
while consumer-facing sectors like automobiles
distribute higher dividends to signal stability and
attract investors.

Ownership Structure and Shareholding Patterns

Significant variation in equity size (p = 0.041) and
number of shareholders (p = 0.019) indicates dif-
ferences in corporate scale and public participation.
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Large diversified companies particularly in automo-
biles maintain broader shareholder bases, whereas
family-owned or promoter-dominated firms, com-
mon in metal and cement sectors, show concentrat-
ed ownership.

The tests for promoter holdings (p = 0.001) and
institutional shareholdings (FII/FPI, mutual funds,
and insurance companies) all yield significant
p-values (0.004-0.027). This demonstrates that ex-
ternal oversight and investor diversity differ sharply
across industries. The automobile and chemical sec-
tors attract higher institutional investment, correlat-
ing with better transparency and disclosure quality.
In contrast, the oil and metal sectors remain dom-
inated by promoters, which may constrain board
independence and minority-shareholder influence.

Regulatory Compliance and Transparency

The only variable without a significant difference is
dematerialized share capital (p = 0.065), confirm-
ing that all sectors have achieved near-complete
electronic shareholding through NSDL/CDSL. This
reflects uniform adherence to securities regulations
and modernization of equity management systems
across the board.

Table 8 presents the results of Dunn’s post hoc test,
which identifies the specific manufacturing sector
pairs that differ significantly in their environmen-
tal sustainability performance for the year 2022—
23. The test reveals multiple significant pairwise
differences across energy, emissions, waste, and
water-related indicators, underscoring substantial
heterogeneity in environmental practices among In-
dian manufacturing industries.

Table 8. Results of Dunn’s Test for Environmental Parameters Across Five Manufacturing Sectors
(FY 2022-2023)

Results of Dunn’s Test for Environmental Parameters Across Five
Manufacturing Sectors (FY 2022-2023)

Environmental Sample 1 — Test Std. Std. Test Adj.
Parameter Sample 2 Statistic Error Statistic Sig.
Automobile — Metal 23.000 6.519 3.528 0.006

tTi‘;::‘l CRETEY CONSUMP™ " 'A itomobile — Cement 20.800 6.519 3.191 | 0.021
Chemical — Metal —20.000 6.519 —3.068 0.032

Oil — Automobile —27.250 6.506 —4.188 0.000

fe‘:;"v%zlfl‘;“:o“u';‘:i from o0l — Automobile _ —24.050 6506 | -3.697 | 0.003
Chemical — Automobile —21.150 6.506 —3.251 0.017

Automobile — Cement 27.400 6.519 4.203 0.000

Total Scope 1 emissions | Chemical — Cement —21.600 6.519 —3.313 0.014
Automobile — Metal 20.700 6.519 3.175 0.022

Automobile — Metal 20.600 6.519 3.160 0.024

Total Scope 2 emissions | Automobile — Cement 19.800 6.519 3.037 0.036
Chemical — Metal —19.600 6.519 —3.007 0.040
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Oil — Metal —28.300 6.519 —4.341 0.000
Total waste generated Chemical — Metal —23.300 6.519 —3.574 0.005
Automobile — Metal 22.700 6.519 3.482 0.007
Cement — Metal 22.200 6.519 3.405 0.010
Total recycled waste Oil — Metal —22.450 6.518 —3.444 0.009
Cement — Metal 19.350 6.518 2.969 0.045
Total volume of water Automobile — Metal 23.100 6.519 3.543 0.006
withdrawn Cement — Metal 21.000 6.519 3.221 0.019
Total volume of water Automobile — Metal 22.100 6.519 3.390 0.011
consumed Cement — Metal 20.000 6.519 3.068 0.032

Energy Consumption and Renewable Energy
Adoption

Significant differences in total energy consump-
tion are observed between automobile—metal (p =
0.006), automobile—cement (p = 0.021), and chemi-
cal-metal (p = 0.032) pairs. The positive test statis-
tics for the automobile sector relative to metal and
cement indicate lower energy intensity, suggesting
that automobile manufacturing is comparatively
more energy-efficient. The chemical industry’s low-
er test statistic against metals implies moderate effi-
ciency gains from process optimization and cleaner
technologies.

For renewable energy consumption, all comparisons
involving the automobile sector namely oil-auto-
mobile (p = 0.000), metal-automobile (p = 0.003),
and chemical-automobile (p = 0.017) show signif-
icant negative test values, revealing that the auto-
mobile sector outperforms others in renewable en-
ergy use. This reflects the sector’s greater adoption
of solar and wind energy, possibly driven by global
environmental commitments and supply-chain sus-
tainability requirements. The oil sector’s markedly
low score confirms its continued dependence on
fossil fuels.

Greenhouse Gas Emissions (Scope 1 and Scope 2)

For Scope 1 emissions, significant differences ex-
ist among automobile—cement (p = 0.000), chem-
ical-cement (p = 0.014), and automobile—metal (p

= 0.022) comparisons. The automobile sector re-
ports significantly lower direct emissions than the
cement and metal industries, which are known for
energy-intensive processes such as clinker produc-
tion and smelting. Similarly, the chemical sector’s
negative test statistic versus cement suggests that
chemical firms, on average, maintain cleaner oper-
ational systems.

Scope 2 emissions, associated with electricity con-
sumption, also vary significantly. The automobile
sector again records lower indirect emissions rel-
ative to metal and cement (p-values ranging from
0.024 to 0.036), indicating relatively better energy
procurement strategies or higher reliance on renew-
able electricity sources. The chemical-metal differ-
ence (p = 0.040) further supports the view that heavy
industries lag in adopting cleaner energy grids.

Waste Generation and Recycling

The results for total waste generated show signifi-
cant differences across multiple sector pairs, partic-
ularly oil-metal (p = 0.000), chemical-metal (p =
0.005), automobile—metal (p = 0.007), and cement—
metal (p = 0.010). In all cases, the metal industry
stands out for its higher waste output, consistent
with the material-intensive and byproduct-heavy
nature of metallurgical processes. The negative test
values for oil and chemical sectors imply lower
waste generation, likely reflecting process efficien-
cies and stricter pollution controls.
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Regarding recycled waste, the test results reveal that
oil-metal (p = 0.009) and cement—metal (p = 0.045)
comparisons are significant. Metal-sector recycling
rates are relatively higher, partly because scrap re-
covery is integral to its production economics. Ce-
ment firms also show improvement, supported by
increased use of alternative fuels and raw materials.
The oil sector remains least engaged in recycling
due to limited circularity in its production chain.

Water Withdrawal and Consumption

The tests for water withdrawal and water consump-
tion indicate consistent sectoral differences involv-
ing automobile—metal and cement—metal compari-
sons, with p-values between 0.006 and 0.032. The
automobile and cement sectors consume consider-

ably less water than the metal sector, demonstrating
progress in adopting water-efficient technologies
and recycling wastewater. The results reinforce that
heavy industries remain the most water-dependent,
emphasizing the urgent need for stricter water stew-
ardship practices.

Table 9 presents the results of Dunn’s post hoc test
applied to social sustainability indicators across five
manufacturing sectors. The test highlights signifi-
cant pairwise differences for three key parameters:
employee turnover, female workforce participation,
and CSR expenditure. These findings confirm that
social performance dimensions vary substantial-
ly across industry types, reflecting different labor
structures, workforce diversity, and community en-
gagement priorities.

Table 9. Results of Dunn’s Test for Social Parameters Across Five Manufacturing Sectors

(FY 2022-2023)

Results of Dunn’s Test for Social Parameters Across Five Manufacturing Sectors (FY 2022-2023)
. Test Std. Test R

Social Parameter Sample 1 — Sample 2 Statistic Std. Error Statistic Adj. Sig.
T te of 1 Oil — Chemical —24.950 6.517 —3.828 0.002
Hrnover raie of cpPIOYEES ' letal — Chemical 22200 | 6517 3406 | 0.010
Female employees as pro- o o o) 23.100 | 6.519 3.543 0.006

portion of total workforce

Cement — Automobile | —23.800 6.519 —3.651 0.004
Amount spent on CSR Cement — Metal 22.100 6.519 3.390 0.010
Automobile — Metal 19.600 6.519 3.007 0.040

Employee Turnover Rate

The turnover rate of employees shows significant
inter-sectoral contrasts between oil-chemical (p =
0.002) and metal-chemical (p = 0.010) pairs. The
negative test statistic for the oil-chemical compar-
ison indicates higher employee turnover in the oil
sector, likely due to physically demanding opera-
tions and contract-based employment patterns. The
positive statistic for the metal-chemical pair sug-
gests that the chemical industry exhibits more stable
employment conditions, consistent with its struc-

tured work environment and formalized HR prac-
tices. Overall, the results reveal that the chemical
sector demonstrates superior workforce retention,
while traditional industries such as oil and metals
continue to experience higher attrition.

Gender Representation

The difference in female employee participation be-
tween cement and oil sectors (p = 0.006) is statis-
tically significant. The positive test statistic shows
that cement firms employ a greater proportion of
women compared to oil companies, which remain
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male-dominated due to operational and field-based
work characteristics. This variation illustrates that
gender diversity in Indian manufacturing remains
uneven and heavily influenced by sectoral labor
composition. Although incremental progress is
visible in some industries, the results suggest that
broader institutional initiatives are still needed to
integrate gender inclusivity across the entire man-
ufacturing landscape.

CSR Expenditure

CSR spending exhibits the most pronounced sec-
toral variation, with significant differences observed
across three pairs cement—automobile (p = 0.004),
cement—-metal (p =0.010), and automobile—metal (p
=0.040). The negative test value for the cement—au-
tomobile comparison implies that cement compa-
nies allocate more funds toward CSR activities than
automobile firms. Similarly, the positive test statis-
tic for cement—metal and automobile—metal pairs
indicates that both cement and automobile sectors

Table 10. Results of Dunn’s Test for Governance
(FY 2022-2023)

invest more heavily in CSR than metal industries.

These findings reflect the sector-specific nature of
social accountability: the cement industry faces
direct community and environmental scrutiny due
to its localized production footprint, prompting
higher CSR commitments. In contrast, automobile
firms’ CSR investments are relatively moderate and
brand-oriented, while metal industries show mini-
mal CSR engagement, likely emphasizing internal
operational priorities over external social responsi-
bility.

Table 10 presents the results of Dunn’s test for gov-
ernance parameters, highlighting statistically sig-
nificant differences in market valuation, dividend
policy, and ownership structure among India’s five
major manufacturing sectors. All identified com-
parisons (Adj. Sig. < 0.05) demonstrate that gover-
nance practices and investor engagement vary sub-
stantially by industry type.

Parameters Across Five Manufacturing Sectors

Results of Dunn’s Test for Governance Parameters Across Five Manufacturing Sectors (FY
2022-2023)

Governance Parameter Sample 1 - Test Statistic | Std. Error Std. T e.s t A.d‘l°
Sample 2 Statistic | Sig.
. . Oil — Chemical —20.000 6.519 —3.068 | 0.032
High traded price (March 2023) o3 mobile | —20.100 6.519 | —3.083 | 0.031
Rate of final dividend per share | Metal — Chemical 20.100 6.504 3.090 0.030
Chemical — Oil 24.200 6.519 3.712 0.003
Total number of outstanding Cement — Oil 25.300 6.519 3.881 0.002
equity shares Chemical — Metal —22.900 6.519 —3.513 | 0.007
Cement — Metal 24.000 6.519 3.681 0.003
Cement — Oil 20.700 6.519 3.175 0.022

Total ber of sharehold
Ot TIDET OF STATEHOTEETS I Cement — Metal 19.900 6519 | 3.053 | 0.034
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Market Performance

Significant pairwise differences appear between
oil-chemical (p = 0.032) and oil-automobile (p =
0.031) for the high traded price indicator. The neg-
ative test statistics show that oil-sector firms record
substantially lower share-price performance rela-
tive to chemical and automobile companies. This
suggests that investors assign higher market valu-
ations to sectors with stronger disclosure standards
and growth prospects. The result underscores the
effect of sustainability transparency and innovation
potential on investor sentiment, particularly within
capital markets increasingly attentive to ESG dis-
closures.

Dividend Distribution Policy

The difference between metal and chemical sectors
(p = 0.030) for the final dividend per share points
to contrasting payout behaviors. Metal companies
distribute higher dividends, possibly to maintain
shareholder confidence during commodity-price
volatility, while chemical firms prefer reinvestment
to fund R&D and capacity expansion. This distinc-
tion reflects divergent capital-allocation strategies
driven by sectoral risk profiles and growth stages.

Equity Structure and Ownership Breadth

Highly significant results for the number of out-
standing equity shares (p = 0.002—0.007) demon-

strate clear variation in capital structure. The cement
and chemical sectors show larger equity bases com-
pared to oil and metal, indicating broader ownership
and potentially greater liquidity in their shares. The
negative test statistic for chemical-metal highlights
that metal firms tend to maintain smaller share bas-
es, consistent with concentrated promoter owner-
ship and limited public float.

The pattern is reinforced by significant results for
the total number of shareholders particularly ce-
ment—oil (p = 0.022) and cement-metal (p = 0.034)
pairs. These findings reveal that the cement sector
enjoys wider investor participation, aligning with
its moderate risk perception and steady dividend
track record. Conversely, the metal and oil indus-
tries, often subject to cyclical profitability, attract
fewer shareholders.

The Wilcoxon Signed-Rank results presented in Ta-
ble 11 assess whether there were statistically sig-
nificant year-on-year differences in environmental
indicators between FY 2021-22 and FY 2022-23.
Out of eight environmental parameters tested, only
two energy consumption from renewable sources
and Scope 2 emissions show statistically significant
changes, suggesting modest but focused progress
in corporate environmental performance during the
study period.

Table 11. Results of the Wilcoxon Signed-Rank Test for Environmental Parameters (FY 2021-22 vs.

2022-23)

Results of the Wilcoxon Signed-Rank Test for Environmental Parameters
(FY 2021-22 vs. 2022-23)

Null Hypothesis z A(SZy-I;[i)l.efli)g. Result
200122 amd FY 209323 equats 0T 0767 | 0443 | Accepted
205192 and FY 209223 squals 0 0700 | 0484 | Accepted
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T T e L B
205122 and FY 200 93 cquale Y rees | 0096 | Aceepted
;;ea Irll(lielcsi;e{m2 (c)l;izirze;lzz l1112111‘[50;[)e.t1 recycled waste between FY 2021 | 1.037 0.385 Accepted
ggslril;glzgdd;fgfrzeélgz _1;13‘[(;‘?1 :{/j‘z)e.r withdrawal between FY 0.835 0.404 Accepted
205122 and FY 200 33 cquale 04| 0459 | Aceepted

Renewable Energy Consumption

The most significant improvement is observed in
energy consumption from renewable sources (z =
—3.633, p=0.000), indicating a meaningful increase
in the adoption of clean energy across manufactur-
ing sectors. The rejection of the null hypothesis
confirms that firms have enhanced their renewable
energy mix over time, aligning with India’s nation-
al energy transition goals and corporate decarbon-
ization commitments. This positive trend reflects
growing awareness of sustainability disclosures
under SEBI’s Business Responsibility and Sustain-
ability Reporting (BRSR) framework and the influ-
ence of global ESG benchmarking.

Scope 2 Emissions

The second significant result concerns Scope 2
emissions (z = —2.090, p = 0.037), implying a
measurable reduction in indirect emissions relat-
ed to purchased electricity. The decline suggests a
shift toward more energy-efficient operations and
possibly greater sourcing from renewable power
utilities. This finding is consistent with improved
energy management systems, expanded rooftop so-
lar installations, and participation in green power
purchase agreements (PPAs) among leading Indian
manufacturers.

Stable Parameters

For other parameters including total energy con-
sumption, Scope 1 emissions, waste generation,

recycled waste, and water use the test results indi-
cate no significant differences between FY 2021-22
and FY 2022-23 (p > 0.05). This stability suggests
that while companies are maintaining baseline envi-
ronmental performance, substantive structural im-
provements remain limited to specific areas like re-
newable adoption and electricity-related emissions.

The lack of significant change in waste generation
and water usage highlights persistent inefficiencies
in resource circularity and water conservation prac-
tices. These results may reflect the long investment
cycles typical of manufacturing industries, where
process-related sustainability upgrades often mate-
rialize gradually.

The Wilcoxon Signed-Rank test results presented in
Table 12 examine year-on-year differences in social
sustainability performance across Indian manufac-
turing firms. The analysis identifies statistically sig-
nificant improvements in employee turnover, total
employment, female representation, and health and
safety training, indicating gradual strengthening of
social responsibility practices between FY 2021-22
and FY 2022-23.
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Table 12. Results of the Wilcoxon Signed-Rank Test for Social Parameters (FY 2021-22 vs. 2022-23)

Results of the Wilcoxon Signed-Rank Test for Governance Parameters
(FY 2021-22 vs. 2022-23)

Asymp.
Null Hypothesis z Sig. Result
(2-tailed)
The median difference in employee turnover rate between FY 2021— [—-2.416 |0.016 Rejected
22 and FY 2022-23 equals 0.
The median difference in total number of employees between FY —3.193 ]0.001 Rejected
2021-22 and FY 2022-23 equals 0.
The median difference in female employee ratio between FY 2021- | —2.852 |0.004 Rejected
22 and FY 2022-23 equals 0.
The median difference in employees receiving performance and —0.188 ]0.851 Accepted
career development reviews between FY 2021-22 and FY 2022-23
equals 0.
The median difference in employees receiving health and safety —2.010 [0.044 Rejected
training between FY 2021-22 and FY 2022-23 equals 0.
The median difference in employees receiving skill upgradation -1.116 ]0.265 Accepted
training between FY 2021-22 and FY 2022-23 equals 0.
The median difference in employees receiving human rights and pol- | —1.897 |0.058 Accepted
icy training between FY 2021-22 and FY 2022-23 equals 0.
The median difference in Lost Time Injury Frequency Rate (LTIFR) [—0.107 |0.915 Accepted
between FY 2021-22 and FY 2022-23 equals 0.
The median difference in total fatalities between FY 2021-22 and FY [ —0.159 |0.873 Accepted
2022-23 equals 0.
The median difference in input materials sourced from MSMEs/ —1.547 (0.122 Accepted
small producers between FY 2021-22 and FY 2022-23 equals 0.
The median difference in CSR expenditure between FY 2021-22 and [ —0.964 |0.335 Accepted
FY 2022-23 equals 0.

Workforce Stability and Employment Growth

The test reveals significant reductions in employ-
ee turnover (z = —2.416, p = 0.016) and significant
increases in the total number of employees (z =
—3.193, p = 0.001), confirming that manufacturing
firms have improved workforce retention and ex-
pansion over the two-year period. These changes
suggest a stabilization of labor structures following
post-pandemic disruptions and possibly reflect re-
newed hiring momentum driven by economic re-

covery and production growth in core industries.
The decline in attrition also implies better human
resource management practices and greater em-
ployee engagement initiatives.

Gender Inclusion

A significant improvement in female employee par-
ticipation (z = —2.852, p = 0.004) indicates mea-
surable progress in gender diversity across man-
ufacturing enterprises. This positive shift reflects
the gradual success of corporate inclusion policies,
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gender-sensitive recruitment drives, and govern-
ment-led initiatives encouraging women’s partici-
pation in the industrial workforce. However, while
statistically significant, this increase should be in-
terpreted as incremental rather than transformation-
al, as women’s representation in manufacturing still
remains relatively low in absolute terms compared
to service sectors.

Employee Training and Workplace Safety

The health and safety training parameter (z =
—2.010, p = 0.044) also shows a statistically sig-
nificant improvement, suggesting that firms have
increased their commitment to occupational safety
and compliance with labor welfare mandates. The
results align with stronger regulatory oversight un-
der India’s Occupational Safety, Health, and Work-
ing Conditions Code, coupled with higher investor
scrutiny of workplace safety metrics in ESG disclo-
sures.

Other training-related indicators skill upgradation
(p = 0.265), human rights training (p = 0.058), and
performance review coverage (p =0.851) do not ex-
hibit significant change. This stability implies that
while safety initiatives are expanding, broader em-
ployee development and rights-based training pro-

grams have not seen comparable acceleration.
CSR and MSME Engagement

The absence of significant year-on-year change in
CSR expenditure (p = 0.335) and MSME sourc-
ing (p = 0.122) suggests that firms are maintaining
compliance-based CSR activities and stable suppli-
er relationships rather than scaling up new social
investments. These parameters often evolve slowly
due to long-term community partnerships and fixed
procurement structures, which may explain the ob-
served consistency.

Similarly, non-significant differences in LTIFR
(p = 0.915) and fatalities (p = 0.873) indicate that
workplace safety performance has remained steady,
with no marked improvement or deterioration over
the period likely reflecting already low injury rates
among large, listed firms.

Table 13 reports the Wilcoxon Signed-Rank Test
outcomes for governance indicators, comparing
changes between FY 2021-22 and FY 2022-23.
Out of ten parameters, five show statistically sig-
nificant differences, demonstrating measurable
improvements in shareholder participation and in-
stitutional investment patterns across Indian manu-
facturing firms.

Table 13. Results of the Wilcoxon Signed-Rank Test for Governance Parameters (FY 2021-22 vs.

2022-23)

Results of the Wilcoxon Signed-Rank Test for Governance Parameters (FY 2021-22 vs. 2022-23)

Asymp.
Null Hypothesis z Sig. Result

(2-tailed)

The median difference in the number of complaints received from

shareholders/investors between FY 2021-22 and FY 2022-23 —2.330 0.026 Rejected

equals 0.

The median difference in the high traded price between FY 2021- |

22 and FY 2022-23 equals 0. 1.667 | 0.108  Accepted

The median difference in the rate of final dividend per share be- _

tween FY 2021-22 and FY 2022-23 equals 0. 0.328 1 0743 | Accepted

The median difference in the total number of outstanding equity _

shares between FY 2021-22 and FY 2022-23 equals 0. 1.964 1~ 0.050 | Accepted
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ggezrg;lgnz (Zrizf((ierFegc; 01;121:}1;3‘[?;11 ;grg.ber of shareholders between 5797 0.006 Rejected
e I R
glea :(1161(:1;?3 g;i’zferze;lzz lllr;ll:Ié{FPI shareholding between FY 2021— 5935 0.025 Rejected
ggzelril;glz;ldd;fgﬁrzeélzc; 1;321;31;181;11.nd shareholding between FY 5 415 0.016 Rejected
o o TSI [ 530 [ 0781 | Ao

Shareholder Relations and Corporate Transpar-
ency

The number of complaints received from sharehold-
ers/investors significantly decreased (z = —2.330, p
= 0.026), indicating improved corporate communi-
cation and grievance resolution mechanisms. This
result suggests that listed manufacturing firms have
strengthened investor engagement and compliance
with SEBI’s enhanced disclosure and redressal
mandates. A decline in shareholder complaints also
reflects greater confidence in digital reporting sys-
tems and corporate governance transparency.

Ownership Structure and Investor Participation

A significant increase in the total number of share-
holders (z = —=2.727, p = 0.006) highlights the ex-
panding investor base of Indian manufacturing
companies. This trend points to growing retail par-
ticipation and institutional confidence in the manu-
facturing sector, driven by post-pandemic economic
recovery and government-led initiatives promoting
“Make in India.”

Similarly, significant differences in FII/FPI share-
holding (z = —2.235, p = 0.025), mutual fund hold-
ings (z=—-2.415, p = 0.016), and insurance compa-
ny investments (z =—3.304, p = 0.001) demonstrate
dynamic shifts in institutional investment portfo-
lios. The data imply that financial institutions are

recalibrating their equity exposure, potentially in
response to corporate ESG disclosures and sec-
tor-specific sustainability ratings.

The increase in mutual fund and insurance holdings
is particularly noteworthy as it reflects the grow-
ing preference of domestic institutional investors
for stable, well-governed companies. Meanwhile,
the rise in FII/FPI participation signifies renewed
global investor confidence in India’s manufacturing
resilience and regulatory transparency.

Stable Parameters

The high traded price, dividend payout, and out-
standing share volume show no significant change
(p > 0.05), suggesting market valuation stabili-
ty and consistent dividend policies over the two
years. Similarly, the promoter shareholding remains
steady (p = 0.509), indicating no substantial owner-
ship restructuring or dilution. The share capital held
in dematerialized form also remains unchanged (p
=(0.741), consistent with near-complete dematerial-
ization in compliance with SEBI norms.
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Conclusion

This study examined the environmental, social,
and governance (ESG) performance of leading
Indian manufacturing firms using non-parametric
statistical techniques, including the Kruskal-Wal-
lis, Dunn’s post hoc, and Wilcoxon Signed-Rank
tests. The findings provide a comprehensive view
of how sustainability practices vary across sectors
and evolve over time.

The analysis confirms that ESG performance in
Indian manufacturing is highly heterogeneous
across industries. Significant sectoral differences
were observed for most environmental and gover-
nance indicators, particularly in energy efficiency,
greenhouse-gas emissions, and ownership struc-
tures. The automobile and chemical sectors consis-
tently demonstrated stronger performance, reflect-
ing greater adoption of renewable energy, lower
emission intensity, and more diversified investor
participation. In contrast, the metal, cement, and
oil sectors showed relatively weak environmental
outcomes, attributed to energy-intensive operations
and slower technological transitions.

The social dimension revealed moderate yet tar-
geted improvements. Between FY 2021-22 and
FY 2022-23, firms achieved measurable gains in
workforce retention, gender inclusion, and health
and safety training, indicating growing institu-
tional commitment to employee welfare and eq-
uitable practices. However, skill enhancement,
human-rights sensitization, and CSR spending re-
mained largely unchanged, suggesting that many
social initiatives are still compliance-driven rather
than strategically embedded.

Governance analysis highlighted steady progress
toward greater transparency and investor inclusivi-
ty. The significant rise in the number of shareholders
and institutional investments, coupled with fewer
shareholder complaints, signals enhanced corporate
accountability and improved market confidence.

Nevertheless, the stability of promoter holdings and
dividend policies implies that deeper structural re-
forms in board diversity, disclosure rigor, and stake-
holder oversight are still evolving.

Taken together, the results portray a manufacturing
sector that is transitioning from regulatory compli-
ance to performance-driven sustainability, though
unevenly across industries and ESG pillars. Prog-
ress has been most evident in energy transition and
investor governance, while social and waste-man-
agement practices require stronger policy alignment
and capacity building.

In practical terms, the study underscores the need
for sector-specific sustainability roadmaps, integrat-
ed ESG reporting standards, and fiscal incentives
for clean technology adoption. For policymakers,
the evidence supports the design of differentiated
strategies that balance industrial growth with re-
sponsible production. For managers and investors,
the findings highlight that sustained ESG improve-
ments are not only ethical imperatives but also es-
sential to long-term competitiveness, capital access,
and corporate legitimacy.
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Abstract:

The rapid adoption of Artificial Intelligence (Al) across business and societal domains has transformed de-
cision-making processes, service delivery, and organizational efficiency. However, Al systems may reproduce
existing inequalities through biased datasets, opaque algorithms, and unequal digital access. This paper ex-
amines digital marginalization and algorithmic bias, their implications for business and society, and the need
for responsible Al governance. Using a descriptive and conceptual research design based on secondary data,
the study reviews existing literature, policy reports, and real-world cases. The paper concludes that ethical Al,
transparency, accountability, and inclusive digital policies are essential for balancing innovation with social
Justice.

Keywords : Artificial Intelligence, Digital Marginalization, Algorithmic Bias, Ethical Al, Inclusive Develop-
ment, Responsible Innovation
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1. Introduction: 2. Research Objectives:

Artificial Intelligence has become a critical com- 1. To examine the causes of algorithmic bias in Al
ponent of modern business operations and public systems.

administration. Organizations increasingly rely on
Al for recruitment, credit scoring, customer service,
marketing, and governance. While Al promises ef-
ficiency and objectivity, concerns have emerged
regarding algorithmic bias and digital exclusion.
Marginalized populations often face disadvantages 4. To propose strategies for responsible and inclu-
due to limited digital access, poor representation in sive Al adoption.

training datasets, and automated decision-making

systems. This paper explores these challenges and

their implications for businesses and society.

To analyze the impact of digital marginalization
on vulnerable communities.

3. To evaluate the business and societal implica-
tions of biased Al systems.
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3. Review of Literature:

Existing research suggests that Al systems fre-
quently inherit historical biases from training data.
Cathy O’Neil (2016) argued that opaque algorithms
can reinforce inequality. OECD (2019) emphasized
transparency, fairness, and accountability in Al sys-
tems. UNESCO (2021) highlighted ethical concerns
related to discrimination and exclusion. Studies on
the digital divide indicate that unequal access to
technology continues to affect education, employ-
ment, and financial inclusion, particularly in emerg-
ing economies. Researchers have also stressed the
importance of explainable Al and human oversight
in reducing discriminatory outcomes.

4. Research Methodology:

This study adopts a descriptive and conceptual re-
search design. Data were collected from second-
ary sources including academic journals, books,
policy reports, government publications, OECD
reports, UNESCO documents, World Bank stud-
ies, and industry white papers. A thematic analysis
approach was used to identify recurring themes re-
lated to algorithmic bias, digital exclusion, ethical
Al, and governance. Case-study analysis was also
employed to illustrate real-world implications of
biased Al systems.

5. Case-Based Examples and Discussion:

Case 1: Amazon's AI Recruitment Tool

Amazon reportedly discontinued an Al recruitment
system after discovering that it favored male candi-
dates because the model had been trained on histor-
ical hiring patterns.

Case 2: Apple Card Credit Limit Controversy

Public reports indicated concerns that women re-
ceived lower credit limits than men despite similar
financial profiles, raising questions about fairness
in automated lending systems.

Case 3: Aadhaar and Digital Exclusion in India

Instances of authentication failures in welfare de-
livery systems demonstrated how technology-de-
pendent processes may exclude vulnerable citizens
from essential services.

These cases demonstrate that algorithmic systems
can unintentionally reproduce social and economic
inequalities when fairness safeguards are absent.

6. Business and Societal Implications:

Business Implications:

* Reputational damage and loss of customer trust.
* Legal and regulatory risks.

* Reduced workforce diversity.

* Poor-quality decision-making.

Societal Implications:

* Reinforcement of existing inequalities.

* Reduced access to employment and financial
services.

» Exclusion from public welfare systems.

» Increased social distrust in technology.

7. Recommendations:

Organizations should implement fairness audits, di-
verse training datasets, explainable Al mechanisms,
and regular bias assessments. Policymakers should
establish stronger Al governance frameworks, trans-
parency standards, and accountability mechanisms.
Investments in digital literacy and infrastructure are
necessary to bridge the digital divide and promote
inclusive participation in the digital economy.

8. Conclusion:

Artificial Intelligence has immense potential to
transform business and society. However, without
appropriate safeguards, Al systems can amplify
historical inequalities and contribute to digital mar-
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ginalization. The analysis highlights that biased
datasets, limited transparency, and unequal access
to digital infrastructure are among the primary driv-
ers of exclusion. Real-world cases demonstrate that
algorithmic decisions can affect employment op-
portunities, access to credit, and public services.
Therefore, organizations must adopt responsible Al
practices that prioritize fairness, accountability, and
transparency. Policymakers should strengthen reg-
ulatory frameworks while promoting digital inclu-
sion initiatives. A balanced approach that combines
innovation with ethical governance will help ensure
that Al serves as a tool for inclusive and sustainable
development rather than a source of discrimination
and exclusion. Future research may explore quanti-
tative assessments of Al bias across industries and
evaluate the effectiveness of emerging regulatory
interventions.
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Abstract:

This paper compares revenue dynamics at two e-commerce firms with very different go-to-market logic: Way-

fair, a retail-led, inventory-light merchant, and eBay, a marketplace-led intermediary. Using 30 quarterly ob-
servations per firm (Q2 2017-Q3 2024) from SEC filings and FRED, we run descriptive statistics, an F-test
for variance equality, one-way ANOVA across pre-COVID, COVID, and post-COVID regimes, and multiple
regression with a full diagnostic write-up. Wayfair's revenue growth is far more volatile than eBay's (F = 7.09,
p <.001), and a regression of revenue on operating expenditure, unemployment, and the federal funds rate
explains much more of Wayfair's variance (adjusted R?> = 0.92) than eBay's (0.50). We argue this fits a distinc-
tion worth taking seriously: an algorithmic acquisition architecture, where revenue ties mechanically to paid,
propensity-modelled acquisition, versus an algorithmic retention architecture, where revenue decouples from
marketing spend through organic search relevance and seller-funded visibility markets. Because the evidence
is from two firms, we treat this as a comparative case study that motivates a testable typology rather than a
population-level test, with real space given to that scope limit, to confounded firm-level effects, to reverse cau-
sality, and to the larger study the typology would need.

Keywords : algorithmic marketing, algorithmic acquisition, algorithmic retention, e-commerce business mod-

.

els, Wayfair, eBay, marketplace-led model, retail-led model.

J

1. Introduction

1.1 Background and Motivation

E-commerce gets talked about as one industry, but
it isn't. At least two architectures sit under that la-
bel: a retail-led model, where the platform owns in-
ventory and acts as principal, and a marketplace-led
model, where it connects buyers and sellers without
taking title to goods. These differ in balance-sheet
structure, but also, we think, in how each one's mar-

keting algorithms do their job.

That second difference is the paper's subject. Rather
than treating algorithmic marketing as one capabil-
ity firms have more or less of, we split it into two
orientations: an acquisition orientation, using ma-
chine learning to identify, bid for, and convert new
customers (propensity scoring, real-time bidding,
multi-touch attribution); and a retention orienta-
tion, using algorithms to make existing listings and
users more discoverable and trustworthy (semantic

* Student, Praxis Business School
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search, structured metadata, seller-funded visibility
markets). Wayfair and eBay illustrate these two ori-
entations about as clearly as two public companies
are likely to, given their documented technology
histories, so we ask whether their financials behave
the way the framework predicts.

Two firms can't test a population-level claim about
retail-led or marketplace-led platforms in general,
however careful the statistics. What the data can
support is a within-firm test, over time, of whether
each company's revenue behaves as its documented
strategy predicts, plus a comparison of how strong-
ly that holds across both. That's the study we ran.

1.2 Research Question and Objectives

Two questions organise the paper: do Wayfair and
eBay differ in revenue-growth volatility by more
than sampling noise would explain (RQ1), and do
they differ in how strongly revenue tracks operating
expenditure and macro conditions in a way plausi-
bly tied to their algorithmic strategies rather than
confounding firm-level factors (RQ2)?

Five objectives follow: characterising each firm's
risk profile; testing formally for a variance differ-
ence; testing for structural breaks across pandem-
ic-era regimes; estimating, per firm, how revenue
relates to spending and macro conditions with full
diagnostics and honest treatment of endogeneity;
and formalising the acquisition/retention typology
with explicit conditions for testing it on a larger
sample.

2. Literature Review

2.1 E-Commerce Business Models: Retail-Led
versus Marketplace Platforms

E-commerce isn't one business model. Early work
treated firms as digital extensions of traditional re-
tailers (Bakos, 1998; Amit & Zott, 2001); scholars
later split merchant-based (retail-led) firms from
intermediary-based (marketplace-led) ones (Rochet
& Tirole, 2003; Hagiu, 2014). Retail-led firms act

as principals, controlling pricing and experience
and carrying inventory risk, buying differentiation
at the cost of heavy logistics and marketing spend
(Brynjolfsson, Hu, & Rahman, 2013). Market-
place-led platforms monetise participation instead
(Parker, Van Alstyne, & Choudary, 2016), scaling
through network effects and tending toward lower
volatility and higher margins (Cusumano, Gawer,
& Yoffie, 2019). Large-sample comparisons across
the two models are rare; we use the distinction as a
backdrop for a sharper, algorithmic one.

2.2 Algorithmic Marketing: Acquisition versus
Retention

Algorithmic marketing automates targeting, bid-
ding, pricing, and personalisation (Katsov, 2018),
splitting into demand-generation systems that con-
vert new customers through paid channels and
relevance systems that match existing supply and
demand without buying attention propensity mod-
elling and real-time bidding versus semantic search
and structured-data ranking. Multi-touch attribu-
tion, apportioning conversion credit across touch-
points via cooperative game-theoretic rules like the
Shapley value (Shapley, 1953), matters here: a firm
whose bidding depends on that data is exposed to
anything degrading it, like a platform-level tracking
change. That mechanism is what we lean on later,
discussing Wayfair's post-2021 shift.

We call these orientations algorithmic acquisition
(bidding for a new customer) and algorithmic reten-
tion (surfacing existing inventory to a present user).
Section 4 formalises this and ties it to Wayfair's and
eBay's histories a comparison, as far as we know,
not previously made for revenue volatility and ex-
penditure elasticity.

2.3 Operating Leverage and Revenue Volatility

Operating leverage theory offers a reason these
architectures might diverge: firms with high fixed
and semi-variable costs see profitability amplified
by demand swings (Mandelker & Rhee, 1984), and
retail-led firms' heavy marketing and fulfilment
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costs should make revenue more spend-sensitive
(Levinthal & Wu, 2010). Empirical work finds pos-
itive OpEx-revenue associations at merchant-based
firms (Srinivasan, Anderson, & Ponnavolu, 2002;
Anderson, Fornell, & Lehmann, 1994), while
platform-based firms show diminishing returns
to spending (Eisenmann, Parker, & Van Alstyne,
2011). That association is consistent with several
causal stories, though spending driving revenue,
revenue driving spending, or both moving with sea-
sonal demand an ambiguity central to Section 6.

2.4 Platform Economics and Revenue Stability

Network effects explain marketplace stability: plat-
form value rises with participation on each side, sta-
bilizing volume once critical mass is reached (Katz
& Shapiro, 1985), and mature platforms can show
predictable revenue through fluctuating macro con-
ditions (Evans & Schmalensee, 2016). eBay-type
marketplaces have been described as utility-like
infrastructure where incremental spending buys
limited growth but supports trust (McIntyre & Sri-
nivasan, 2017).

2.5 Macroeconomic Conditions and Demand

Rising unemployment should reduce discretion-
ary spending (Keynes, 1936; Friedman, 1957),
but e-commerce can respond asymmetrically as
consumers substitute toward cheaper alternatives
(Baker, Farrokhnia, Meyer, Pagel, & Yannelis,
2020). COVID-era households shifted spending to-
ward home goods, a "nesting effect”" (Sheth, 2020)
whose size varied by business model (Guthrie, Fos-
so-Wamba, & Arnaud, 2021), tested directly in Sec-
tion 6.3. We treat the pandemic as a known shock
useful for structural-break testing while staying
cautious about category effects: furniture and gen-
eral-merchandise demand were hit differently for
reasons unrelated to marketplace structure.

2.6 Interest Rates and Digital Firm Performance

Higher rates constrain expansion and raise work-
ing-capital costs for inventory-exposed firms (Ber-
nanke & Gertler, 1995) and suppress credit-fi-

nanced purchases of high-ticket goods (Mishkin,
1996). Asset-light platforms have been argued to be
less rate-sensitive than inventory-dependent retail-
ers (Farrell & Shapiro, 2019), though the short-run
impact remains unsettled tested in Section 6 via the
federal funds rate.

2.7 Research Gap and Contribution

Three gaps motivate the study: business-model lit-
erature rarely connects to specific algorithmic tech-
nologies; quantitative comparisons rarely report a
full diagnostic battery or address endogeneity; and
little work pairs a documented technology history
with a firm's statistical signature. Our contribution:
a transparent, fully diagnosed comparison of two
well-documented firms, organised around an ex-
plicit typology, with the limits of n = 2 stated plain-

ly.

3. Conceptual Framework & Theoretical
Background

3.1 Business Model Distinction

Wayfair controls pricing, marketing, logistics, and
customer service, recognising revenue on a gross
basis and bearing demand risk directly. eBay fa-
cilitates transactions without holding inventory,
earning revenue mainly through fees and adver-
tising, scaling through network effects. This is the
standard retail-led/marketplace-led split (Rochet &
Tirole, 2003; Hagiu, 2014), and the backdrop for
Section 4's typology.

3.2 Case Selection: Rationale and Limitation

We picked Wayfair and eBay for three reasons, each
with a limitation.

* Representativeness: Wayfair and eBay were se-
lected because they represent markedly differ-
ent approaches to e-commerce value creation:
a supplier-direct retail model and a marketplace
intermediary model. This contrast makes them
useful comparative cases for exploring the pro-
posed acquisition-versus-retention framework.
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However, each firm remains a single case,
meaning that category effects, firm-specific
characteristics, and business-model effects are
inherently confounded and cannot be statistical-
ly separated within the present design.

* Data reliability. Both files standardised, audit-
ed quarterly statements with the SEC across the
full window, supporting measurement validity
for these two firms but not beyond them.

* Convergent scale. By Q3 2024, Wayfair's
quarterly revenue (=$2,880M) and e¢Bay's
(=$2,500M) had converged, holding firm size
roughly constant for that quarter. It doesn't hold
scale constant across the full period Wayfair's
range is far wider than eBay's (Section 6.1)
and says nothing about other stable differences
(product category, customer base, capital struc-
ture, management) that could equally explain
the results (Sections 6.5, 7).

Given these limits, Section 6's results should be
read as a within-firm, over-time description of how
each company's revenue has moved with its own
spending and macro conditions, not an estimate of
a population parameter for either business-model
class.

3.3 Operating Leverage and Macroeconomic
Variables

Operating leverage theory holds that cost structure
amplifies revenue swings: firms with high fixed and
semi-variable costs, typical of retail-led models,
should see revenue more spending-sensitive than
firms with mostly variable, demand-linked costs.
Two macro variables enter the model: unemploy-
ment, which may reduce demand while pushing
substitution toward cheaper goods that could favour
marketplaces, and the federal funds rate, which af-
fects borrowing and discretionary spending, with a
stronger expected effect on retail-led firms selling
high-ticket, credit-financed items.

3.4 Company Background
Wayfair Inc.

Founded in 2002 by Niraj Shah and Steve Conine,
Wayfair later consolidated into a single pure-play
home-goods retailer running an inventory-light,
supplier-direct model. COVID-era demand for fur-
niture surged as people spent more time at home;
as demand normalised, the company faced margin
pressure consistent with sensitivity to housing ac-
tivity, rates, and discretionary income. Wayfair now
operates across North America and Europe, com-
peting on delivery and digital experience.

eBay Inc.

Founded in 1995 by Pierre Omidyar as an online
auction site, eBay evolved into a major consumer
marketplace across many categories, earning rev-
enue mainly through transaction fees, advertising,
and seller tools rather than owning inventory a
structure that has historically supported resilience
in downturns, as buyers seek resale alternatives and
sellers monetise existing assets. eBay now operates
in more than 190 markets, leaning on liquidity, trust,
and user experience as growth levers, a contrast to
Wayfair's paid demand generation.

4. The Algorithmic Acquisition/
Algorithmic Retention Framework

This section formalises the typology from Section
2.2 and applies it to Wayfair's and eBay's technol-
ogy histories, reconstructed from public reporting
and industry commentary (Katsov, 2018) as an in-
terpretive lens for Section 6's patterns, not a causal-
ly identified account of why they occur.

4.1. Formal Definition

An algorithmic acquisition architecture makes dis-
crete, priced decisions to acquire attention for a spe-
cific potential customer, with the cost borne by the
platform, effectiveness depending on cross-channel
attribution fidelity. An algorithmic retention ar-
chitecture decides how to rank or surface existing
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inventory to users already present, shifts visibility
cost to sellers, and depends on internal listing data
rather than external attribution. These are orienta-
tions, not exclusive labels most platforms mix both.
The claim we test is comparative: Wayfair leans
more acquisition-type than eBay, and that weight-
ing tracks Section 6's differences.

4.2 Testable Propositions

1. P1 (Volatility): A heavier acquisition orientation
predicts higher revenue-growth variance, hold-
ing firm scale roughly constant.

2. P2 (Expenditure elasticity): A heavier acquisi-
tion orientation predicts a larger revenue-OpEx
coefficient.

3. P3 (Signal sensitivity): An acquisition-orient-
ed platform should show a slowdown coinci-
dent with attribution-degrading events; a re-
tention-oriented one should be comparatively
insensitive.

Section 6 tests P1 and P2 directly. P3 is discussed
only narratively below, since this dataset lacks the
event-study design a discontinuity test need.

4.3 Wayfair as an Acquisition-Oriented Case

Industry accounts describe Wayfair shifting, start-
ing around 2017-2018, from manual media buying
to proprietary bidding systems ("Athena," "Magel-
lan") using propensity models to bid for placement
(Katsov, 2018), and the 2019-2020 CastleGate lo-
gistics expansion alongside a shift toward geo-spa-
tial demand forecasting. Both are acquisition-type:
priced, data-dependent decisions aimed at winning
a transaction, with costs borne by the platform.

Apple's 2021 App Tracking Transparency update
restricted cross-app tracking and, by a wide indus-
try account, degraded the attribution data that an
acquisition-oriented bidder depends on. We treat
this as context for Wayfair's post-2021 data, not a
tested mechanism, since our dataset has no direct
attribution measure. The 2023-2024 stabilisation

plausibly coincides with broader adoption of track-
ing-independent, Al-assisted conversion tools, but
again, untested here.

4.4 eBay as a Retention-Oriented Case

eBay's history fits a heavier retention orientation:
an image-search feature launched in late 2017, a
2018-2020 push for standardised listing metadata,
and Promoted Listings, expanded from 2019, shift-
ing incremental visibility cost to sellers bidding
within eBay's own results retention-type, since the
marginal cost sits with participants and the value
driver is existing-inventory relevance, not external
acquisition. This fits the weak OpEx-revenue as-
sociation in Section 6.4 and eBay's lower revenue
variance in Section 6.2: a platform leaning on in-
ternal relevance should be less exposed to its own
marketing budget.

revenue-gen-
erating action

Dimension Algorithmic | Algorithmic
Acquisition Retention
Marginal Algorithm bids | The algorithm

for attention/
placement to
convert a new
or lapsed cus-

ranks or sur-
faces existing
listings to a
user already

tomer on-platform

Primary input | Cross-channel | Structured

data behavioural item/listing
and attribution | metadata,
data (clicks, on-platform
impressions, search and
conversions) | engagement

data

Cost locus Borne directly | Substantial-
by the platform | ly shifted to
as paid media | sellers via
expenditure paid visibility
(operating products (e.g.,

expense)

promoted list-
ings)
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Expected rev- | Tight and Loose: reve-
enue-OpEx mechanical: nue depends
coupling revenue should | more on
move with engagement/
acquisition liquidity than
spend, other on platform
things equal marketing
outlay
Principal ex- | Attribution/ Search/rele-
ternal vulner- |signal degra- [ vance-algo-
ability dation (e.g., rithm changes
platform-level |by the plat-
tracking re- form itself;
strictions) seller supply
shocks
Predicted vol- | Higher reve- Lower reve-
atility signa- | nue variance; |nue variance;
ture stronger weaker co-
comovement movement
with discre- with market-
tionary market- | ing-type spend
ing spend

Table 1: Summary of the algorithmic acquisition

and algorithmic retention typology

4.4 Scope of the Framework

This doesn't claim all retail-led platforms are acqui-
sition-oriented or all marketplaces retention-orient-
ed that correspondence is itself an empirical ques-
tion, and the two could diverge. The narrower claim:
Wayfair and eBay illustrate the typology's two ends
unusually clearly, which is why we picked them,
and the typology offers a candidate mechanism
for Section 6's findings. Testing it across a broader
sample, checking whether orientation rather than
business-model type is the operative variable, is the
natural next step (Section 8).

The framework is intended as an interpretive lens
rather than a directly observed construct. Because
the study does not measure algorithmic acquisi-
tion or retention intensity directly, the framework
should be viewed as a theory-driven explanation

of observed financial patterns rather than a verified
causal mechanism.

5. Methodology

5.1 Data Collection

Quarterly revenue and operating-expense data for
both firms come from SEC filings (10-K and 10-
Q); unemployment and the effective federal funds
rate come from FRED, converted to quarterly av-
erages. The dataset runs 30 quarters per firm, Q2
2017 through Q3 2024 two firms over time, not a
cross-section of many, so every inferential statistic
below describes these two firms in this window, not
a broader population (Sections 3.2, 6.5).

5.2 Analytical Techniques

Four steps, applied identically to each firm: de-
scriptive statistics on quarterly revenue; an F-test
for equality of variances on growth rates; one-way
ANOVA across pre-COVID (2018-2019), COVID
(2020-2021), and post-COVID (2022-2023) re-
gimes; and multiple regression of revenue on oper-
ating expenditure, unemployment, and the federal
funds rate, with a full diagnostic battery.

5.3 Diagnostic Testing Plan

For each regression, we checked a predictor cor-
relation matrix (for variance inflation factors),
scatterplots against revenue (linearity), a residu-
als-versus-fitted plot (homoscedasticity), predictor
histograms and residual inspection (approximate
normality). Where a diagnostic follows algebraical-
ly from numbers already reported VIFs, from the
correlation matrix we report the computed value in
Section 6.4, we report the visual check actually per-
formed and flag the formal statistic as something
to compute before finalising. We'd rather flag a gap
than invent a number.

5.4 Endogeneity and Threats to Causal Interpretation

The Section 6.4 regression relates revenue to operat-
ing expenditure and two macro variables. The OpEx
coefficient isn't a causal estimate, for three reasons:
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reverse causality, since firms often set budgets as a
function of expected or realized sales; omitted vari-
ables, since revenue and spending both plausibly re-
spond to something outside the model, like seasonal
demand; and time-invariant firm effects, since each
regression runs on one firm's time series and can't
separate the OpEx effect from any other slow-mov-
ing trait of that firm. With only two firms, pooling
them with fixed effects wouldn't identify anything
meaningful, since firm and business-model type are
perfectly collinear in a two-firm sample so we report
the two regressions side by side.

None of this invalidates the regression as descrip-
tion: it's informative about how strongly revenue
and spending co-moved within each firm, which is
what the research questions ask. What it rules out
is reading the coefficients as causal effect sizes; we

call them measures of association instead. A credible
causal estimate would need an instrument for OpEx
unrelated to contemporaneous demand, a natural ex-
periment, or a longer panel supporting fixed-effects
estimation, discussed further in Section 8.

6. Empirical Results

6.1 Descriptive Statistics and Risk Profiles

Despite similar average quarterly revenues, Way-
fair exhibits a standard deviation more than five
times that of eBay, indicating substantially high-
er revenue volatility. Distributional measures fur-
ther reveal greater tail risk and variability in the
retail-led model, while the marketplace-led model
demonstrates revenue stability and predictability
(Table 1 and Figure 1).

Statistic Wayfair (Retail) | eBay (Marketplace)
Mean $2,681.30 M $2,600.83 M
Median $2,860 M $2,578 M
Mode $3,120 M $2,613M
Standard Deviation |[$831.98 M $162.67M
Range $3,178 M $695 M
Kurtosis -0.61 0.51
Skewness -0.26 0.73
Count 30 30

Table 2: Comparison of descriptive Statistics

Frequency

1000 1500 2000 2500
Quarterly Revenue ($ Million)

eBay
Kurtosis: 0.51
Skewness: 0.73

—

By S

4000

3000 3500

Figure 1: Comparison of descriptive Statistics
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Findings:

1. The Scale vs. Stability Paradox: Both firms
operate at a surprisingly similar scale, with
mean quarterly revenues around $2,600 mil-
lion. However, this similarity is superficial. The
Standard Deviation for Wayfair ($831.98 M) is
more than five times higher than that of eBay
($162.67 M). This is a massive divergence in
risk profile. It suggests that while Wayfair can
reach highs, it suffers from extreme variability.
eBay, by comparison, is a "flat line" of consis-
tency.

2. Range Analysis: Wayfair's range ($3,178 M)
actually exceeds its mean revenue. This indi-
cates a company that has undergone explosive,
possibly chaotic, growth phases. eBay's range
($695 M) is tight, reflecting a mature business
that operates within a predictable band.

3. Kurtosis and Tail Risk: Wayfair's negative
kurtosis (-0.61) indicates a "platykurtic" distri-
bution, flat and wide. This means extreme out-
comes are common; there is no "normal" quar-
ter for Wayfair. eBay's positive kurtosis (0.51)
indicates a "leptokurtic" distribution peaked
around the mean. eBay's revenue is highly con-
centrated around its average, making it far eas-
ier to forecast.

4. Skewness: Wayfair's negative skewness (-0.26)
suggests a slight tendency towards downward
surprises (revenue misses). eBay's positive
skewness (0.73) suggests a tendency towards
upward surprises (beating estimates or main-
taining them). Negatively skewed suggests far
away from 0, and positive suggest more close to
0 as shown in the chart.

6.2 Volatility Testing

The F-test confirms that the variance of Wayfair’s
revenue growth is statistically greater than that of
eBay, establishing that higher volatility is a struc-
tural feature of the retail-led model rather than a
random outcome. We hypothesised that the re-

tail-led model is inherently riskier than the market-
place model. The F-Test allows us to confirm if the
observed difference in Standard Deviation is statis-
tically significant or just random noise.

Variables: Revenue growth rate has been used in
the test by calculating the growth rate starting from
2017’s Q1 to Q2 growth, and so on, for 30 quarters
of Wayfair & 30 quarters for eBay.

’ 2 2
L gﬂ"uyfuir < J{J.Bay

2 2
HL: Oy fair > O¢Bay

Table 3: F test

f-Test: Two-Sample Assuming Unequal Variances
Wayfair Ebay
Mean 0.0506 0.0074
Variance 0.0354 0.0050
P(F<=f) one-tail 5.12661E-07
f Stat 7.094
f Critical one-tail 1.861

Table 4: Comparison of F test results
Interpretation:

The p-value is small ($0.0000005138$), far below
the standard alpha threshold of 0.05. Therefore, we
reject the null hypothesis with extremely high con-
fidence.

This is a crucial finding for investors. It proves that
Wayfair's volatility is not a fluke; it is a structural
feature of the retail model. The need to hold inven-
tory and manage a complex supply chain introduces
operational leverage that mathematically amplifies
variance. eBay's stability is similarly a structural
feature of the marketplace model. This confirms the
retail model as a "High Risk" asset class compared
to the marketplace model.
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6.3 Structural Break Analysis

ANOVA results show a significant positive structur-
al break for Wayfair during the COVID-19 period,
with revenues nearly doubling and remaining ele-
vated post-pandemic. In contrast, eBay’s revenues
display limited responsiveness to the same shock,
highlighting resilience but constrained upside po-
tential. We hypothesised that the two models would
react differently to the massive external shock of
the COVID-19 pandemic. We used ANOVA to
compare mean revenues across the three distinct
eras (Pre-COVID, COVID, Post-COVID).

Wayfair Results:

Pre Covid | Cowvid (2020- Post Covid
ik 3] Quarter | >0182019) | 2021) |(2022-2023)
1 $ 1404 | S 2,330 5 2,990
2|8 1,655|5 43005 3,280
3ls 1705|165 38405 2,840
45 2,014 |5 36705 3,100
REVENUE 58 1944 |8 34805 2,770
6 & 2343|565 3,860 5 3,170
78 2305|5 31205 2,940
8 5 25305 32505 3,110
Groups Average ANOVA
Pre Covid {20_1&2?_1_9} 1987.5 P-value
Covid (2020-2021) 3481.25 1.9E-06
Post Covid (2022-2023 ) 3025

Table 5: ANOVA of Wayfair
Wayfair Analysis:

Wayfair's mean revenue nearly doubled from pre-
COVID to COVID ($1,987.50M to $3,481.25M, F
(2,21)=26.26,p <.001). Revenue fell post-COVID
relative to the peak ($3,025.00M) but stayed well
above baseline a partial, not complete, reversion,
consistent with sensitivity to the kind of shock
COVID represented, though we don't claim a spe-
cific mechanism for the partial persistence.

eBay Results:
Pre Covid Covid Paost Covid
DATASET | Quarter | ;518 5019) [(2020-2021)| (2022-2023 )
ES 2580| 3% 23745 2,483
2|s 26405 2,865 % 2,422
3| & 2,649 | 5 2,606 | S 2,380
eI 4| & 2877 |5 2868 % 2,510
5[s  2643|5 3023[5 2510
6| 5 2,687 | S 2,668 | S 2,540
7|8 2649|% 2501|8% 2,500
8/s 28215 26135 2,562
Groups Average | ANOVA
Pre Covid (2018-2019)| 2693.25 P-value
Covid (2020-2021) 2689.75 0.012
Post Covid (2022-2023 ) 2488.375
Table 6: ANOVA of eBay
eBay Analysis:
eBay's mean revenue barely moved between
pre-COVID and COVID ($2,693.25M ver-
sus  $2,689.75M) and dropped post-COVID

($2,488.38M). The ANOVA (F (2,21) =551, p =
.012) says the three means aren't all equal, but the
post-COVID decline is doing the work eBay never
showed Wayfair's positive shock. eBay's product
mix, with substantial discretionary and resale cat-
egories, differs from Wayfair's furniture concentra-
tion, and that may explain part of the gap; we can't
separate the two with this data.

6.4 Regression Analysis

This section relates each firm's quarterly revenue
to operating expenditure, unemployment, and the
federal funds rate, with Section 5.3's diagnostics
alongside. As discussed in Section 5.4, the coeffi-
cients measure within-firm association, not causal
effects.

Part 1: Regression Pre-Checks and Diagnostic
Testing

1. Variable Types & Data Sufficiency Check: 30
observations and 3 predictors satisfy the usual
10-per-predictor guideline, though that's a heu-
ristic time-ordered observations give a thinner
basis for inference than independent ones, giv-
en the autocorrelation discussed below.
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2. Multicollinearity Check : This checks if the the model cannot tell which one is actually driv-
independent variables (predictors) are too ing the revenue.
strongly associated with each other. If they are,
Wayfair Ebay
Quarterly | Opex us | US Federal CORRELATION | Quorterly | Opex o pare | USFede
CORRELATION Revenue | (il UNRATE | Funds Rate MATRIX Revex.ﬂue {million (%) Fundss Rt
MATRIX (million) follar) (%) (%) . (million) dollar) %)
Quarterly Revenue 1 Jaflel'!ly;.nev@‘ﬂu@ 1
{million) {mifion)
Opex (million 0.83 1 ex (million dollar) 0.62 1
dollar) > e i o
US UNRATE (%) 0.55 0.08 1 FEIIATDY _ 044 | s I !
1S Federal Funds
US Federal Funds 0.06 0.25 045 5 Rate (%) 0.23 0.004 : 0.45 : 1
Rate (%)

Table 6: Multicollinearity checks

Observation: The correlation between OpEx and Revenue was moderate (0.62), significantly lower than
Wayfair’s, suggesting OpEXx is a driver but not the only story.

3. Linearity Check : Linear regression assumes that the relationship between X (predictors) and Y (Reve-
nue) creates a straight line. If the relationship is curved (exponential or U-shaped), a standard linear model
will fail. Scatter plots were generated for "Predictors vs. Revenue" to visually inspect the trends.
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Figure 2: Linearity checks
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e  Wayfair Result: Linear. OpEx vs. Revenue:
Showed a clear, strong positive linear trend (as e e T
spending goes up, revenue goes up). Macro
Factors: Shown to be relatively linear, though
with some dispersion. . -

e eBay Result: Linear. OpEx vs. Revenue: The SO 5. AP - SRR W3 VULRINUUN NI A—
relationship was linear but much "noisier" . i
(more scattered) than Wayfair’s, indicating a
weaker direct link. . :

4. Homoscedasticity Check (Variance Check)
eBay: Homoscedasticity Check (Residuals vs Fitted)

This is a check for consistency. It ensures that the -
model's errors (residuals) are constant throughout
time. You do not want a model that is very accurate

in 2017 but wildly inaccurate in 2024. A Residuals . I . *—

vs. Fitted plot was analysed. The goal is to see a [ ---------- = R vt
random "cloud" of dots with no clear funnel shape. - & A

Using the residual option of Excel. i i

Figure 3: Homoscedasticity checks
5. Normality & Outliers Check

Regression assumes the data follows a normal distribution (Bell Curve) and is not skewed by massive
outliers that could distort the average. Histograms were plotted for the variables to check their distribution
shapes.

Wayfair: Variable Distributions (Check for Normality)
Opex (million dollar) US UNRATE (%) US Federal Funds Rate (%)
%
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eBay: Variable Distributions (Check for Normality)

Opex (million dollar)

o+

US UNRATE (%)

US Federal Funds Rate (%)

noo 1?!."}0 1300 o0 1500 wWoo 4

Figure 4: Normalcy checks

Part 2: Regression Model Results & Interpretation

With the validity of the datasets established, we performed Multiple Linear Regression to quantify the

impact of the independent variables.

Wayfair | Ebay |
Regression Statistics Regression Statistics
Adjusted R Square | 0.92 Adjusted R Square | 0.50
ANOVA ANOVA
Significance F Significance F
1.09E-14 0.00011
Coefficients P-value Coefficients P-value

Intercept -251.03 0.1922 Intercept 1481.93 6.82E-07
Opex (million dollar) 2.40 1.09E-14 Opex (million dollar) 0.73 0.000127
US UNRATE (%) 193.20 7.86E-08 US UNRATE (%) 30.94 0.018
US Federal Funds Rate (%) -27.91 0.377 US Federal Funds Rate (%) -5.22 0.68

Figure 5: Regression results

Interpretation

Wayfair's model explains most of the variation (ad-
justed Rz = 0.92). Operating expenditure is strong-
ly positive (coefficient = 2.40, p < .001): roughly
$2.40M extra revenue per extra $1M in quarterly
OpEXx, holding macro predictors fixed. Unemploy-
ment is also positive (coefficient = 193.20, p <
.001), plausibly reflecting the pandemic-era nesting
effect (Sections 2.5, 6.3), where both rose together
rather than one causing the other. The federal funds
rate isn't distinguishable from zero (p = .377).

eBay's model explains roughly half the variation
(adjusted R? = 0.50). Operating expenditure is still
positive (coefficient = 0.73, p < .001) but with a

much smaller coefficient; unemployment shows a
smaller, marginally significant association (coeffi-
cient =30.94, p = .018); the federal funds rate again
isn't distinguishable from zero (p = .680).

Revenue tracked operating expenditure more close-
ly at Wayfair than at eBay. The larger unexplained
variance observed at eBay is consistent with the
view that its revenue is influenced more heavily by
factors outside the model, such as marketplace li-
quidity, seller participation, and category mix. This
aligns with the business-model typology developed
in Section 4, where an acquisition-oriented archi-
tecture is expected to exhibit a tighter expenditure—
revenue association than a retention-oriented one.
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However, the findings should not be interpreted
causally. As discussed in Section 5.4, a budgeting
practice that sets expenditure as a proportion of rev-
enue could generate a similar statistical relationship
even in the absence of any causal effect. Given the
single-equation design and the use of only two case
firms, alternative explanations cannot be conclu-
sively ruled out.

6.5 Scope of Inference

We collect the scope limitations referenced through-
out this section here.

» Sample size. Every inferential statistic here de-
scribes two specific firms over one window, not
a population of platforms.

* Confounded effects. Business-model type var-
ies only across firms, so any other stable differ-
ence between Wayfair and eBay is statistically
indistinguishable from the effect we care about.

* Non-causal association. The OpEx coefficients
describe co-movement, not causal effects, given
plausible reverse causality and omitted common
drivers.

* Incomplete diagnostics. Durbin-Watson and
formal normality/heteroscedasticity tests are
not done, pending the residual series; treat the
p-values as approximate.

None of this undercuts the core finding Wayfair's
revenue has been more volatile and more tightly
coupled to its own spending than eBay's, over this
period. It does mean the jump to a broader claim
about business-model types stays a hypothesis, not
an established result. Section 8 sets out what testing
properly would need.

7. Discussion

7.1 Summary of Findings

Three results anchor the paper. Wayfair's revenue
growth has been significantly more volatile than
eBay's over 2017-2024 (F (29,29) = 7.094, p <

.001). Both firms show detectable differences across
pandemic-era regimes, but the shape diverges:
Wayfair surged and partially reversed; eBay stayed
flat through COVID and declined afterwards. And
a regression of revenue on OpEx plus two macro
variables explain far more of Wayfair's variation
(adjusted R? = 0.92) than eBay's (0.50), with Way-
fair's OpEx coefficient roughly three times eBay's.

7.2 Interpretation Through the Framework

These results fit the typology from Section 4: Way-
fair behaves as the acquisition-oriented case pre-
dicts, with high variance and a tight spending link;
eBay behaves as the retention-oriented case pre-
dicts, with lower variance and a looser link. This
shows the typology isn't contradicted by the data
and offers a coherent account of the divergence,
but not that it's the only such account — a two-firm
design can't separate algorithmic orientation from
other stable differences between the firms (Section
6.5). We treat the framework as a plausible interpre-
tation of the comparison generated, ready for testing
on a larger sample, not a conclusion already proven.

7.3 Practical Implications

* Acquisition-oriented platforms like Wayfair
should weight revenue forecasts toward planned
spend, given the tight OpEx-revenue link, but
that same coupling exposes revenue to anything
degrading acquisition efficiency, like the attri-
bution shocks in Section 4.3.

» Retention-oriented platforms like eBay should
treat incremental OpEx as a less reliable lever
alone; on-platform relevance and trust may mat-
ter more, though we haven't tested that return
directly.

* Both types illustrate, via the COVID results in
Section 6.3, how differently a demand shock
can hit firms in the same sector worth remem-
bering for stress-testing that assumes a uniform
response.
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7.4 Theoretical Contribution

The paper's main contribution is the acquisition/re-
tention typology itself, more specific and tractable
than the retail-led/marketplace-led split because it
ties to dateable technology choices rather than busi-
ness-model labels. We see this study as proposing
and illustrating that typology with two clear cases
and full diagnostics, not a definitive test; Section 8
says what that test would need.

8. Limitations and Future Research

8.1 Limitations

1. Sample size and generalisability. Every infer-
ential statistic here describes Wayfair and eBay
specifically, not a population of platforms; the
typology is illustrated, not tested in the sense of
ruling out competing explanations.

2. Confounded firm and business-model effects.
With only two firms, business-model type and
firm identity are perfectly collinear; any other
stable difference between them could equally
explain the results.

3. Endogeneity. The OpEx-revenue coefficients
are subject to reverse causality and omitted-vari-
able bias (Section 5.4) read as associations, not
causal effects.

4. Incomplete diagnostics. Durbin-Watson and
formal Breusch-Pagan/Shapiro-Wilk statistics
are still needed; treat the p-values as indicative
until computed.

5. Measurement scope. SEC-reported OpEx bun-
dles marketing spend with other costs, so the
coefficient isn't isolating paid acquisition spend
specifically.

6. Narrative attribution. The technology histories
in Sections 4.3—4.4 come from secondary sourc-
es and reported timelines, not firm-disclosed
causal analyses.

8.2 Future Research

» Larger, panel-based samples of retail-led and
marketplace-led firms would support fixed-ef-
fects regression, separating an orientation effect
from firm-specific confounds.

* Direct measures of algorithmic orientation
share of marketing spend on paid acquisition
versus relevance infrastructure, where disclosed
could test Section 4.2's propositions directly.

e Causal identification, via event studies around
attribution shocks or instrumental-variable
approaches using cost shocks unrelated to de-
mand, would help with Section 5.4's endogene-
ity concerns.

*  Completing the diagnostic by recomputing these
regressions with the full residual series would
let us report Durbin-Watson, Breusch-Pagan,
and Shapiro-Wilk.

9. Conclusion

This paper compared the revenue dynamics of Way-
fair and eBay between 2017 and 2024 to examine
whether acquisition-oriented and retention-oriented
algorithmic marketing architectures correspond to
different patterns of revenue volatility and spending
sensitivity. The results show that Wayfair's revenue
growth was significantly more volatile than eBay's
and much more closely linked to operating expendi-
ture (adjusted R?=0.92 versus 0.50). These findings
are consistent with the acquisition-retention typolo-
gy developed in Section 4 and with the documented
strategic histories of both firms.

However, the study does not claim to establish a
causal relationship or definitively validate the ty-
pology. With only two firms, the analysis serves as
a comparative case study that illustrates and moti-
vates the framework rather than providing a popu-
lation-level test. Other firm-specific characteristics
may also contribute to the observed differences, and
the estimated OpEx coefficients should be inter-
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preted as measures of association rather than causal
effects because of potential endogeneity and omit-
ted-variable concerns.

Despite these limitations, the study contributes a
theoretically grounded framework linking algo-
rithmic marketing orientation to observable finan-
cial outcomes and provides initial evidence that
acquisition- and retention-oriented strategies may
exhibit distinct revenue dynamics. Future research
using larger samples, direct measures of algorith-
mic orientation, and stronger causal identification
strategies will be needed to test the framework more
rigorously.
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Abstract:

Artificial intelligence (Al), robo-advisors, and data-driven analytics are changing how individuals make in-
vestment decisions, especially in wealth management. Traditional advisory models are often costly, relation-
ship-based, and more accessible to higher-income clients, which limits the participation of small retail inves-
tors. By contrast, Al-enabled platforms offer real-time portfolio suggestions, automated goal-based planning,
and low-cost advisory services that can support more disciplined and informed investing. These developments
have the potential to improve investor welfare by widening access and improving decision quality, but they
also raise concerns about data privacy, opaque algorithms, and over-reliance on automated recommendations.

This study compared Al-based wealth management with traditional financial advisory services. It examined
how Al improved investment planning, mitigated errors, and addressed challenges related to transparency,
regulatory compliance, and ethical considerations. Additionally, it explored the complementary role of human
advisors in Al-driven financial decision-making.

Keywords : Artificial Intelligence (A1), Wealth Management, Robo-Advisory Services, Investor Welfare, Finan-

cial Decision-Making.
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Introduction

The rapid advancement of Artificial Intelligence
(Al) is reshaping the global financial services in-
dustry, particularly in the domain of wealth man-
agement and retail investing. Al-powered financial
advisory systems commonly referred to as robo-ad-
visors use algorithms, machine learning models,
and data analytics to provide automated portfolio
recommendations, risk profiling, and goal-based
investment planning. Unlike traditional advisory

models that rely heavily on human financial advi-
sors, Al-driven platforms offer low-cost, scalable,
and data-driven solutions accessible to a broader
population of investors (Jung, Dorner, Glaser, &
Morana, 2018).

Historically, wealth management services were re-
lationship-based and predominantly catered to high-
net-worth individuals due to high advisory fees and
minimum investment thresholds. The emergence
of robo-advisory platforms such as Betterment and
Wealthfront in the United States has demonstrat-

* Analyst, Blackrock
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ed how algorithm-driven models can democratize
access to financial advice. Similarly, in India, dig-
ital investment platforms such as INDmoney and
Groww have significantly expanded retail partici-
pation in capital markets. These platforms integrate
automated rebalancing, tax optimization, portfolio
tracking, and behavioural nudges, thereby lowering
informational and psychological barriers to invest-
ing.

From a theoretical perspective, Al-based advisory
tools contribute to investor welfare through three
primary mechanisms: cost reduction, behavioural
correction, and enhanced decision efficiency. First,
automated advisory services typically charge low-
er fees compared to traditional financial planners,
thereby improving net returns for investors (Sironi,
2016).

Second, AI systems can mitigate common be-
havioural biases such as overconfidence, herd be-
haviour, and panic selling by promoting disciplined
and rule-based investing (Thaler & Sunstein, 2008).
Third, machine-learning algorithms enable re-
al-time data processing and portfolio optimization,
potentially improving the quality and personaliza-
tion of investment advice (Bodie, Kane, & Marcus,
2014).

Despite these benefits, concerns remain regarding
algorithmic opacity, data privacy, and over-reliance
on automated systems. The “black-box” nature of
Al models may reduce investor trust, especially
when users do not fully understand how recommen-
dations are generated (Gomber, Kauffman, Parker,
& Weber, 2018). Trust is a critical determinant of
technology adoption in financial services, particu-
larly when decisions involve personal wealth and
long-term financial security (Gefen, Karahanna, &
Straub, 2003). Additionally, issues related to cyber-
security and misuse of financial data pose signifi-
cant risks in digital wealth platforms.

Regulatory institutions worldwide are increasingly
focusing on Al governance frameworks to ensure

investor protection while encouraging financial in-
novation. In India, the SEBI has issued consulta-
tion papers and guidelines addressing algorithmic
accountability and investor safeguards in technol-
ogy-driven finance. Such regulatory interventions
aim to balance efficiency gains with ethical and
transparency considerations.

Although existing literature extensively discuss-
es fintech innovation and robo-advisory growth,
empirical evidence on how Al-based wealth man-
agement tools influence perceived investor welfare
remains limited, particularly in emerging markets
such as India. Most prior studies focus on tech-
nological adoption or operational efficiency, rath-
er than evaluating the broader impact on financial
well-being, behavioural discipline, and trust dy-
namics among retail investors.

This study seeks to address this research gap by
empirically examining the relationship between
Al-powered financial advisory tools and investor
welfare. Specifically, it investigates how affordabil-
ity, personalization, behavioural impact, trust, and
transparency concerns influence perceived financial
well-being. By integrating both technological and
behavioural dimensions, this research contributes
to the growing discourse on the role of Al in trans-
forming investment decision-making and promot-
ing inclusive financial growth.

Literature Review

1. Siddarth Gupta (2025)

Title: Robo-Advisors and Investor Behavior:
An Empirical Examination of Trust, Adoption,
and Portfolio Outcomes

Key Insights: This empirical study analyses
how psychological factors like trust, transpar-
ency, and human-in-the-loop advisory influ-
ence adoption of robo-advisors and their im-
pact on investment outcomes. The author used
a mixed-methods approach, including surveys
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of ~1,000 retail investors and panel data com-
paring adopters vs non-adopters. The findings
suggest that transparency and hybrid advisory
models significantly boost trust and adoption,
and that using robo-advisors results in better
diversification, reduced turnover, and slight im-
provements in risk-adjusted returns indicating
behavioural benefits from algorithmic guidance
beyond purely technological efficiency.

Abdul Qadoos, Hisham AbouGrad, Julie
Wall & Saeed Sharif (2025)

Title: Al Investment Advisory: Examining Ro-
bo-Advisor Adoption Using Financial Literacy
and Investment Experience Variables

Key Insights: This research investigates how
financial literacy and investment experience af-
fect the adoption of Al-based digital advisors.
Using systematic review techniques, the authors
find that higher financial literacy positively cor-
relates with better use and acceptance of digital
advisory tools, while investment experience en-
hances the effective use of algorithmic recom-
mendations. They emphasize that low financial
literacy remains a barrier to Al adoption, sug-
gesting that educational and behavioural inter-
ventions can improve investment decisions in
robo-advisory contexts.

Balraj Verma, Mike Schulze, Divya Goswa-
mi & Kamal Upreti (2025)

Title: Artificial Intelligence Attitudes and Re-
sistance to Use Robo-Advisors: Exploring In-
vestor Reluctance Toward Cognitive Financial
Systems

Key Insights: This study explores barriers to
accepting financial robo-advisors among retail
investors in India using Innovation Resistance
Theory. Based on survey data from 409 respon-
dents, results show that functional barriers (like
complexity and privacy risks) and psycholog-
ical barriers (like inertia and distrust) signifi-
cantly hinder adoption. Importantly, positive at-

titudes toward Al reduce the impact of barriers
like overconfidence and data privacy concerns.
This paper highlights behavioural and perceptu-
al factors crucial for understanding real-world
investor responses to Al advisory tools.

Norshidah Mohamed (2026)

Title: Robo-Advisor Adoption and Influences
of Innovation Attributes, Trust, and Image

Key Insights:

This study extends the Diffusion of Innovation
(DOI) theory to investigate how innovation at-
tributes (relative advantage, complexity, com-
patibility, and observability), perceived trust,
and image influence intention to adopt robo-ad-
visors. Survey data from 187 participants shows
that perceived trust and innovation benefits
strongly shape attitudes toward robo-advisor
use, while complexity can deter adoption. The
research provides quantitative evidence on how
trust and perceived value alter investor willing-
ness to adopt Al advisory services.

Christian Hildebrand & Anouk Bergner
(2021)

Title: Conversational Robo Advisors as Surro-
gates of Trust: Onboarding Experience, Firm
Perception, and Consumer Financial Decision
Making

Key Insights: This empirical research demon-
strates that conversational Al-enabled robo-ad-
visors (with NLP/dialogue capabilities) lead
to higher trust and better investor engagement
than static systems. The study shows that con-
versational Al fosters affective trust, improves
perception of the financial services firm, and
increases investor willingness to follow port-
folio recommendations. Trust-building through
conversational design is highlighted as a key
behavioural mechanism driving investment de-
cisions with Al.
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Research Objectives

Primary Objective

1. To examine the impact of Al-powered wealth
management tools on investor welfare among
retail investors.

Secondary Objectives

2. To analyze the impact of affordability and ac-
cessibility of Al platforms on investor welfare.

Hypothesis

Primary Hypothesis

Hoi: Al-powered wealth management tools have no
significant impact on investor welfare among retail
investors.

Hu: Al-powered wealth management tools have
a significant positive impact on investor welfare
among retail investors.

Description:

This hypothesis examines the overall relationship
between Al-based advisory usage and perceived
financial well-being. Investor welfare is measured
using the "Improved Financial Well-being" vari-
able. The hypothesis tests whether Al tools contrib-
ute meaningfully to better financial outcomes.

Expected Outcome:

The analysis is expected to show a positive and sta-
tistically significant relationship between Al usage
and financial well-being.

Secondary Hypothesis

Ho2: Affordability and accessibility of Al platforms
have no significant effect on investor welfare.

Hi2: Affordability and accessibility of Al platforms
have a significant positive effect on investor wel-
fare.

Description:

This hypothesis evaluates whether lower cost and

ease of access (24/7 usability) positively influence
perceived financial well-being. These variables
measure the structural benefits of Al-powered
wealth management platforms.

Expected Outcome:

A positive relationship is expected between afford-
ability and accessibility of Al platforms and inves-
tor welfare.

Research Methodology

1. Research Design

The present study adopts a quantitative, descriptive,
and exploratory research design to examine the im-
pact of Al-powered wealth management tools on
investor welfare among retail investors.

The research is descriptive in nature as it seeks to
understand investor perceptions regarding afford-
ability, personalization, trust, behavioural impact,
and financial well-being associated with Al-based
advisory platforms. It is explanatory because it in-
vestigates the relationships between independent
variables (affordability, accessibility, personaliza-
tion, diversification, behavioural bias reduction,
trust, transparency concerns) and the dependent
variable (investor welfare).

A structured questionnaire using a 5-point Likert
scale (1 = Strongly Disagree to 5 = Strongly Agree)
was designed to measure perceptions and attitudes
toward Al-driven financial advisory services.

The study follows a cross-sectional design, as data
was collected at a single point in time.

2. Source of Data
Primary Data

The study is primarily based on primary data col-
lected through a structured questionnaire adminis-
tered via an online survey.

* Total respondents: 160
* Target group: Retail investors, MBA students
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investing in financial markets, working profes-
sionals using digital investment platforms.

e Sampling technique: Convenience sampling

* Geographic focus: Primarily urban Indian in-
vestors.

* Data collection method: Online Google Form
survey.

The questionnaire consisted of 12 key questions
measuring:

* Usage of Al platforms

» Affordability and accessibility

» Personalization and diversification
» Behavioural bias reduction

* Trust and transparency concerns

» Perceived financial well-being
Secondary Data (Supportive)

Secondary data was used to build the theoretical
framework and literature review. Sources included:

* Academic journals

* Fintech and robo-advisory research studies
» Regulatory publications

* Industry reports

These sources helped identify research gaps and
support hypothesis development.

3. Tools of Analysis

The collected data was analyzed using quantitative
statistical techniques.

Descriptive Statistics

Used to summarize demographic characteristics
and mean responses for each variable.

Correlation Analysis

Used to examine the strength and direction of rela-
tionships between independent variables and inves-
tor welfare.

Multiple Regression Analysis
Used to assess the impact of:

+ Affordability

* Accessibility

* Personalization

» Diversification

* Emotional bias reduction

*  Trust

* Transparency concerns

on the dependent variable:

» Perceived Financial Well-being
Independent Sample t-test

Used to compare differences between Al users and
non-users in terms of financial well-being.

4. Variables of the Study
Dependent Variable:

* Investor Welfare (Measured using perceived fi-
nancial well-being)

Independent Variables:

* Affordability

* Accessibility

* Personalization

* Diversification

* Emotional Bias Reduction
e Trustin Al

* Transparency Concern

Data Analysis

1. Descriptive Statistics

The responses were measured on a 5-point Likert
scale (1 = Strongly Disagree to 5 = Strongly Agree).
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Key Findings (Mean Scores)

Key Correlations with Investor Welfare:

Variable | Mean Interpretation

Affordable 4.22 | Respondents generally
agree Al platforms are
affordable

Personalized | 4.34 | Strong agreement on per-

Advice sonalization benefits

Improves 4.38 | High agreement on diver-

Diversifica- sification benefits

tion

Reduces 4.27 | Al helps reduce emotional

Emotional bias

Decisions

Ease of Use | 4.29 | Platforms are user-friendly

Trust in Al 3.97 | Moderate to high trust
level

Transparen- | 2.91 | Relatively low concern

cy Concern

Improved 4.33 | Strong perceived improve-

Financial ment in welfare

Well-being

Interpretation

* Opverall, respondents show positive perception
toward Al tools.

* Investor welfare mean score (4.33) indicates
high perceived financial improvement.

» Transparency concerns are relatively low (2.91),
meaning investors are not highly skeptical.

2. Correlation Analysis

Correlation was conducted to examine relation-
ships between independent variables and improved
financial well-being.

Variable Correlation with
Welfare
Personalized Advice +0.079
Affordable +0.040
Human Better for Complex +0.089
Improves Diversification -0.219
Transparency Concern -0.143

Interpretation:

* Personalized advice and affordability show pos-
itive but weak relationships.

» Transparency concerns show a negative rela-
tionship, meaning higher concern reduces per-
ceived welfare.

» Diversification showing a negative correlation
may indicate overlapping perceptions among
variables.

3. Hypothesis Testing Summary

Based on analysis:

H1: Al improves investor welfare

Supported (High mean welfare score 4.33)
H2: Affordability improves investor welfare
Weakly Supported (Small positive coefficient)
4. Overall Interpretation

* Retail investors perceive Al-powered wealth
management tools positively.

* Personalization and affordability contribute
positively to welfare.

» Transparency concerns reduce perceived bene-
fits.

Result of hypothesis testing
Result:

Hi1 Accepted

Ho: Rejected
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Result:
Hiz Accepted
Ho: Rejected

Conclusion and Results

This study examined the impact of Al-powered
wealth management tools on investor welfare
among retail investors using primary data collect-
ed from 160 respondents. The findings indicate that
Al-based advisory services are positively perceived
and contribute to improved financial well-being.

Key Findings
1. AI and Investor Welfare

The mean score for improved financial well-be-
ing (4.33) suggests that retail investors perceive
Al-powered platforms as beneficial. Therefore,
the primary objective of examining the impact
of Al tools on investor welfare is supported.

2. Personalization and Diversification

Respondents strongly agreed that Al tools pro-
vide personalized recommendations (Mean
= 4.34) and improve diversification (Mean =
4.38). These features enhance decision quality
and align portfolios with investor goals.

3. Affordability and Accessibility

Al platforms were perceived as affordable
(Mean = 4.22) and easy to use (Mean = 4.29).
This indicates that AI democratizes wealth
management services, making them accessible
to retail investors who may not otherwise afford
traditional advisory services.

4. Reduction in Behavioral Bias

Respondents agreed that Al reduces emotion-
al decision-making (Mean = 4.27), supporting
the argument that algorithm-driven systems
can mitigate common behavioral biases such as
overconfidence and panic selling.

5. Trust and Transparency

Trust in Al scored moderately high (Mean =
3.97), while transparency concerns were rel-
atively low (Mean = 2.91). However, regres-
sion results show that transparency concerns
negatively affect perceived welfare, indicating
that trust remains a crucial factor for long-term
adoption.

Overall Conclusion

The research concludes that Al-powered wealth
management tools positively influence investor
welfare among retail investors. Features such as
affordability, personalization, diversification, and
reduced emotional bias contribute to improved fi-
nancial well-being.

However, transparency and trust concerns remain
critical determinants of investor perception. For Al-
based platforms to achieve sustainable adoption,
financial institutions must focus on improving al-
gorithm transparency, explainability, and investor
education.

Thus, Al is not a complete replacement for hu-
man advisors but serves as an efficient, scalable,
and cost-effective complementary tool in modern
wealth management.
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Abstract:
Neuro marketing practices in retail sector is tending to spread quickly in India over the last few decades. The
Indian retail industry is composed of organized, unorganized and online retail markets. It has experienced
high growth over the last few years with a Neuro marketing practices and Al enabled focus towards organized
retailing formats. The industry is shifting towards a modern concept of retailing. As India’s Al enabled focus
supported and Neuro marketing in retail industry is combatively expanding itself, great demand for online re-
tail outlets is being created. Moreover, easy availability of debit/credit cards has contributed significantly to a
strong and growing retail consumer culture in India.

Customers are becoming more powerful, more knowledgeable and more sophisticated, and research into mod-
ern consumer behavior is increasingly significant with Al enabled and neuro marketing strategy for the re-
tailing sector. Store attributes are important to consumers when they make the decision where to shop. Store
attributes are presented by retailers according to their specific functional strategies. Store attributes must be
offered that are desired by the targeted consumer with Neuro marketing research. The challenge to retailers
is to determine which store attributes are relatively more important to the targeted consumer with help of Al
enabled platform .

In this research paper, I was basically focused on Neuro marketing practices and Al based platforms behaviors
of consumer mainly on purchasing pattern in various store formats and store preference on the basis of product
availability, spending pattern, consumers preferred store, sales man services, and store layout. I observed that
the customers prefer retail outlets because of price discount, followed by variety of products in the store and
convenience to the customer. I have also observed that organized retail stores are most popular amongst con-
sumers. Customers purchase behavior varies with price and availability of products and customers spending
pattern shrinks due to poor quality of products. The collected data includes personal details, consumer opinion
in the retail stores and services and Neuro marketing tools. The study was restricted only to erode district. So
the results cannot be generalized. Some of the consumers are not serious in their responses to the survey and as
a result there are some difficulties in reaching to the right conclusion. The results of Neuro marketing strategy
& Al enable tool may help the management of Retail stores to understand about the factors that influence the
consumer perception, attitude and satisfaction towards organized, unorganized and online retail stores.
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Introduction

Retailing is the final stage of any marketing activity
which includes selling smaller quantities of prod-
uct or services to the end user. Retailers provide
the vital link between the producers and the final
consumer. Retailing plays a very important role in
the growth of the economy and is one of the major
sources of employment in India. The Indian Retail
Industry is one of the most dynamic and fastest
growing industries in India. It has shown steady
growth over the last few years due to the entry of
several new players in the market along with the
growing income level, increasing aspiration, fa-
vourable demographics and easy availability of
credit. The industry accounts for over 10 per cent of
the country’s Gross Domestic Product (GDP) and
around 8 per cent of the employment (IBEF, 2017).
Globally, India is the fifth-largest global destination
in the retail space and is growing at a rate of 12%
per annum (CARE Ratings, 2017). India has been
ranked number one in the Global Retail Develop-
ment Index 2017 among the 30 developing coun-
tries (AT Kearney, 2017).

The retail sector in India is one of the largest em-
ployment generation sectors in India. The govern-
ment’s move to allow FDI coupled with the increas-
ing consumer demand is expected to create more
jobs in the coming years. According to the National
Skill Development Corporation, employment base
of the industry is expected to reach approx. 56 mil-
lion by 2022 across the conventional and special-
ised segment.

The estimated size of the Indian retail market in
2017 is US$ 680 billion and is projected to grow
and reach USS$ 1.1 trillion by 2020 (ASSOCHAM,
2017). This tremendous growth is backed by fac-
tors like rising income of middle-class consumers,
changes in the lifestyle, increase in digital connec-
tivity and increasing participation from foreign and
private players. The modern retail market in India
is showing remarkable growth. The modern retail

market size was US$ 70.45 billion in 2016 and is
expected to grow at a very impressive rate and is
projected to reach US$ 111.25 billion in 2019. Indi-
an Retail Industry has an immense potential as In-
dia has the second largest population with affluent
middle class, rapid urbanisation and solid growth of
the internet (IBEF Report, July 2018).

Indian retail market is broadly divided into unor-
ganised or traditional retail market, organised or
modern retail market and online retail market.

Research Gap

The study has identified the following research gap
on the basis of literature review:

a. The literature review indicates several empiri-
cal studies in retail format choice and patronage
behaviour in different formats of organised re-
tailing, even for online retail. But, limited re-
search has been available for all the three sec-
tors together i.e. unorganised organized, and
online retail formats.

b. Several conceptual studies have been available
focusing on the attributes which affect the con-
sumer to choose modern and traditional retail
stores. Limited empirical studies been done
on identification of attributes which affect the
shopper to choose between organised retail for-
mats, unorganised retail formats and online re-
tail formats.

c. Most of the research has been done on the shop-
per attributes and store attributes by focusing
only on organised retail sector. Limited studies
have taken the attributes related to all the three
sectors organized, unorganized and online re-
tailers.

The present research is, in fact, an exercise to fill up
the above mentioned gap
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Research Methodology

3.1 Introduction

Research methodology is a method to systematical-
ly solve problems. The research plan and design are
important steps in the research process due to the
fact that, a well- defined problem is easy to solve
by the researcher. A good research plan provides
a clear picture about what to do. Research meth-
odology deals with the different steps included for
solving the research problem. Research is a process
through which an attempt is made to achieve a sys-
tematic resolution of the problem or a greater under-
standing of a phenomenon. This is called research
methodology. This chapter includes the description
of the research design, sample size, sampling tech-
nique, development and description of the analyt-
ical tool, data collection procedure and method of
analysis.

3.2 Research Design

Research design is the arrangement of conditions
for collection and analysis of data in a manner that
aims to combine relevance to the research purpose.
It presents the framework to be used as a guide in
collecting and analysing data. Descriptive research
design was used in this study. The major purpose
of descriptive research is to describe something —
usually market characteristics or functions. It is also
used to determine the degree to which marketing
variables are associated with the issue.

3.3 Scope of the study

The scope has been limited in terms of sectors and
geographical regions. The present study focuses
on relative position of organise, unorganised and
online retail formats. All the business sectors and
product categories that are supported by these re-
tail chains are included in the study. The scope of
study is also limited to the identification of retail
attributes and preference of consumers for these re-
tail attributes. The selected retail attributes are am-
bience, availability of products, services, closeness

of retail store, relationship building, price and qual-
ity. However the study and its conclusions will not
be valid for other countries. The data collection and
measurement process in the study was completed
during the period September 2019- April 2020.

3.4 Research Objectives
The broad objectives of the study are given below:

1. To find out the behavioral pattern of customer in
terms of an organized, unorganized and online
retail store (supermarkets, kirana stores, depart-
mental stores etc.)

2. To analyze the factors that influences the choice
of customer in an organized, unorganized and
online retail store.

3. To find out the approach and attitude of custom-
er in terms of organized, unorganized and on-
line retail store.

4. To find out the types of good purchased by cus-
tomer from an organized, unorganized and on-
line retail stores.

5. To find and help the retailers to understand their
key strengths and weakness.

3.5 Development of Conceptual Model

A conceptual model was developed after doing a
detailed review of literatures. It helps to identify
the different variables used in the study and their
relationship with each other. The different factors
used the study are ambience, availability of prod-
ucts, services, closeness of retail store, relationship
building, price and quality. The demographic vari-
ables used the study are Gender, Age, Education,
Occupation, Income and Marital status.

The study analyses the impact of demographic vari-
ables on the consumer preference for various di-
mensions of an store attributes and the impact of
these dimensions on the choice of store format viz.

organised retail store, unorganised retail store and
(Figure 3.1).
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Age

Gender
Education
Occupation
Income
Marital status

A

D

Retail attributes

. Choice of
Retail store

-

Figure 3.1 Conceptual Model

3.6 Questionnaire Design

A structured questionnaire (Appendix 1) was de-
veloped. The structure, phrasing, and sequencing of
the questions were checked. After the identification
of variables with the help of various previous stud-
ies, the questionnaire was developed. The develop-
ment of the questionnaire was done in stages. First,
the drafted questionnaire was pretested in order to
identify and remove the weaknesses, if any, present
in the questionnaire.

The research instrument consisted of a structured
questionnaire drafted in English and the respon-
dents were required to indicate their responses. The
questionnaire was developed with the help of vari-
ables identified through available literature review.
The questionnaire was structured in two parts. The
first part of the questionnaire consisted of socio-de-
mographic information of the respondents such as
age, gender, family size, education level and income
and the second part of the questionnaire consisted
of the questions related to the consumers™ prefer-
ences towards store attributes. All the questions in
the questionnaire of this study were close-ended
questions in which the respondents were asked to
choose from a number of alternative answers. All
the preference rating items in the questionnaire had
a 3 point scale that were 1= “least preferred ”, 2 = “
moderately preferred” and 3 = “mostly preferred”.

And for respondent opinions 5 point Likert scale
was used ranging from 1= “Very Poor ” to 5= “Very
Good”. Middle point 3 indicated a neutral position.

3.7 Formulation of Research Hypotheses

In order to carry out a detailed analysis on the objec-
tives of the study, a number of hypotheses were devel-
oped which were subjected to testing in the process of
data analysis collected through questionnaires.

3.8 Sources of Data

The research is based on both primary data and sec-
ondary sources of data. The study started with the
secondary data which provided the background of
the work and helped to identify the variables for
the primary study. The secondary data offered clar-
ity to the issues to formulate the conceptual model.
The secondary data was collected through websites,
journal and reports. Primary data was collected with
the help of a structured questionnaire through sur-
vey method. Surveys are an efficient way of gather-
ing information from a large sample of respondents
(prospective consumers here) by asking questions
and recording their responses. Out of the various
available types of data collection in survey methods,
a self-administered questionnaire was used in this
research for collecting data from the consumers. The
data was collected from the consumers who visited
the organized, unorganised and online retail formats.
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3.9 Population

Every research requires identification of the target
population for designing the investigation mode
and tools in the study. Target population is the col-
lection of elements or objects that possess the infor-
mation sought by the researcher and about which
inferences are to be made (Malhotra, 2007). The
population for this study is the whole set of retail
consumers in Mumbai India visiting organized, un-
organised and online retailing outlets spread in the
Mumbai city.

3.10 Sampling Method

For this study probability web based sampling has
been used for collecting the data. The questionnaire
link was mailed to the respondents of different cit-
ies. In order to overcome the non-coverage error
traditional method, through personal approach, was
also used to collect the data.

3.11 Tools of Analysis

This research study has used the questionnaire de-
veloped by the researcher as an instrument to collect
the data. The data collected were analysed using the
statistical tools through SPSS. Using SPSS, varied
kinds of tests were conducted depending on the na-
ture of the data. The tools used for the data analysis
attempting to answer the given research questions
and testing the hypotheses are given in the above
paragraphs.

1. Frequency Analysis

2. Descriptive statistics

3. Student’s Independent Samples t-test
4. ANOVA

3.11.1 Frequency Analysis

Frequency analysis is a basic statistical tool which
is widely used in analysis and interpretation of pri-
mary data. It helps to identify the number of respon-
dents respond to a particular question in percentage
arrived from the total population selected for the
study. In this present research study, the frequency

analysis was used to find out the demographic pro-
file of consumers who were influenced to purchase
from three different sectors, years of purchase, fre-
quency of visits in a month, type of retail store they
frequently visit, purpose of visiting different retail
store, type of products purchased from different re-
tail store, and attributes influencing consumers to
purchase from different retail store.

3.11.2 Descriptive Statistics

Descriptive statistics are used to describe the basic
features of data in a study. A set of brief descriptive
statistics summarizes a given data set, which can
either be a representation of the entire population
or a sample. The analysis of data starts with the de-
scriptive statistics for each variable or items in the
questionnaire. Frequencies are used in this research
to analyse the demographic characteristics of the
sample and consumers choice for organized, unor-
ganised and online retail stores. Means are used to
analyse the responses to the agreement questions
concerning preferences for the various attributes re-
lated to retail stores.

3.11.3 Student’s Independent Samples t- Test

The Independent-Samples t - test procedure is used
to compare the mean scores of two groups. The pro-
cedure assumes that the variances of the two groups
are equal and it was tested with Levine’s test sta-
tistics. The significant difference between the mean
scores was tested with respect to store preference
behaviour with the demographic variables like gen-
der, family type and marital status.

3.11.4 ANOVA

Analysis of Variance (abbreviated as ANOVA) is an
extremely useful technique to compare more than
two populations. The mean score analysis (ANO-
VA) test procedure is used to compare the mean
scores of more than two groups of demographic
variables such as educational qualification, occu-
pation status and monthly income with respect to
the view of the consumers towards store preference
behaviour through various attributes.
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Findings, Conclusions And Implications

In this , an attempt has been made to recapitulate
the key findings of the present study and based on
these a few suggestions are offered. In this section,
the major findings obtained from the research study
are summarized and these findings are given under
different sub-headings like findings based on demo-
graphic profile of the respondents, findings based on
retail attributes in organized, unorganised and online
retail store and findings based on cross tabulation.
This chapter also presents the findings of the study
which were obtained from the analyses and hypoth-
eses testing. The chapter also discusses the conclu-
sions, suggestions and implications of the study.

The findings of the study have been discussed in
seven parts:

* Findings Based on Demographic Data
Table 6.1 Summary of Hypothesis Testing

Findings Based on Consumer Opinions and
Preference for Organized Retail Store

Findings Based on Consumer Preferences for
Various Organized Retail Store Attributes with
respect to the Demographic Characteristics of
the Consumer

Findings Based on Consumer Opinions and
Preference for Unorganized Retail Store

Findings Based on Consumer Preferences for
various Unorganized Retail Store Attributes
with respect to the Demographic Characteristics
of the Consumer

Findings Based on Consumer Opinions and
Preference for Online Retail Store

Findings Based on Consumer Preferences for var-
ious Online Retail Store Attributes with respect to
the Demographic Characteristics of the Consumer

Hypothesis for Organized Retail attributes | Results

Gender

HOla Price as a preference parameter for shopping in an organized retail store does not Rejected
vary between males and females.

HO1b Ava.ilability of wide range as a preference parameter for shopping in an organized Rejected
retail store does not vary between males and females.

Marital Status

HO04a Price as a preferen(.:e parameter fo'r shopping in an organized retail store does not Rejected
vary between married and unmarried.

— - for shon .

HO4b Avallablllty of w1de‘ range as a preference parameter or shopping . Rejected
in an organized retail store does not vary between married and unmarried.

HO4c Quality as a preferenc§ parameter for §hopping in an organized retail store does Accepted
not vary between married and unmarried.

HO4d Service as a preferencg parameter for §hopping in an organized retail store does Rejected
not vary between married and unmarried.
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AGE
HO7a | Price as a preference parameter for shopping in an organized retail store does not Accepted
vary across age.
HO7b Ava.ilability of wide range as a preference parameter for shopping in an organized Accepted
retail store does not vary across age
Educational Qualification
HO10a | Price as a preferenf:e parameter for shopping in an organized retail store does not Rejected
vary across education.
HO10b Ava.ilability of wide range as a preferegce parameter for shopping in an organized Rejected
retail store does not vary across education.
ANOVA test across monthly income in an unorganized, organized ,online retail store
FACTORS Monthly family income in Rs | Mean | Std. Deviation | N F Sig
below 21000 245 671 22 12412 .071
) 21000-40000 243 573 28
Faster in
40000-60000 2.35 .629 26
or above 2.00 780 24
below 21000 2.64 581 22 3.526| .018
Near to your house 21000-40000 2.79 418 28
40000-60000 242 .643 26
or above 2.25 .847 24
below 21000 2.36 790 22 | 468 | .706
Able to bargain 21000-40000 2.18 .819 28
40000-60000 2.12 11 26
or above 2.13 .900 24
below 21000 1.86 710 22 [ 2.834 | .042
Home delivery 21000-40000 221 .833 28
40000-60000 1.62 .637 26
or above 1.92 .830 24
below 21000 2.55 671 22 | 1.667 | .179
Faster in service 21000-40000 2.61 .685 28
40000-60000 227 533 26
or above 2.29 .806 24

*Sig at 95% level of confidence
Analysis and discussion:

The result of one way ANOVA test for the dimension of price shows that F value=2.412 and sig=0.071
which is more than 0.05. This indicates that there is no significant difference in preference of consumers
across different income group on the dimension of price of product in an unorganized, organized,online
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retail store. Hence, null hypothesis HO17a is accept-
ed.

6.7 Conclusions

Consumer preference for various organized, unor-
ganised and online retail formats differs because
of their preferences, attitude and experiences with
different types of products purchased. Therefore,
organised, unorganised and online retail cannot be
considered as a single cluster. Consumers have dif-
ferent choice for different product categories such
as for apparel; consumers indicate a higher prefer-
ence for online retail. For FMCG, Healthcare and
Utensils; consumers indicate a higher preference
for organised retail. For vegetables and grocery;
consumers are showing higher preference towards
unorganised retailers. The preference of the con-
sumers towards various attributes of the retail out-
lets is also varying by their demographic charac-
teristics viz. gender, age, marital status, education,
occupation and income level.

Consumers prefer organised retailing because of
availability of wide range, quality and service.
Consumers prefer unorganised retailing because of
closeness of store, bargaining and fastness in ser-
vice. Consumers prefer online retailing because
home delivery, online payments and easy go cart.
Other factors do not have much impact on consum-
ers for preferring one type of format over the oth-
er. For the factors product attributes, relationship
building, services and emotional connection, con-
sumers do not find much difference in organized,
unorganised and online retailers.

Consumers appear to have gained very much from
organised retailing as there is shift from unorgan-
ised to organised and online retailing. It can also
be seen that consumers are still visiting the small
shops for their daily needs. It can be concluded that
there will be a coexistence of organised and unor-
ganised retailing in India as people will not stop vis-
iting small nearby shops for their daily needs and

even for trying some things which are not available
in both retail formats they will go for online retail
store.

There is considerable shift of consumer towards
modern retailing; still it has a long way to go in In-
dia. The growth of modern formats has been much
slower in India as compared to other countries and
the development of this sector is restricted by the
presence of regulatory and structural constraints.
Further, there is an immense potential and growth
opportunities for organised retailers in India. The
major reasons behind this are strong economic
growth, increasing young population, rising income
of consumers, exposure to the international market,
rapid urbanisation, increasing population of work-
ing women and rising aspirational level. However,
it also faces many challenges like lack of proper in-
frastructure, technology development, deficiency in
supply chain management, lack of trained human
resource, taxation, regulation, diversity in demo-
graphics, shrinking of markets and high real estate
cost. Strong hold of traditional stores among con-
sumers is also one of the challenges faced by the
organized and online retailing in India.

6.7.1 Managerial Implications

The study provides useful insights for managerial
actions organized, unorganised and online retailers.
Retail sector in India is growing rapidly. Interna-
tional retailers are setting up their outlets in India.
Since the last few years a significant change has
been noticed in consumer behaviour. Their expec-
tations from retailers are increasing day by day. Be-
cause of increased penetration of technology, grow-
ing use of mobile phones and access to internet,
consumers are getting smarter and more demanding
and they are shifting towards modern retailing. It
is becoming tougher for the retailers to have a hold
over the market, as the customers are very

dynamic these days. Their behaviour and preferenc-
es keep on changing. This is because of their expo-
sure to the market through internet retailing. Thus,
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it is very necessary for the retailers to cater to the
customers after targeting and understanding their
taste and preferences. Retailers must have a thor-
ough knowledge of the dimensions which influence
the shopping behaviour of the consumers. This will
help them to have a larger share of the market.

This study is expected to give an idea about the
changing customer preferences of organised, un-
organised and online sets of retailers. It will also
enable the retailers to judge the factors which in-
fluence the consumer preference for choosing one
store over the other. Thus, it will help them to de-
velop a long standing relationship with the diversi-
fied set of customers and match their strategic plans
with their demands.
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Appendix I

Questionnaire/Schedule
on

A STUDY OF CONSUMER PURCHASING
BEHAVIOUR IN AN ORGANIZED,

UNORGANIZED & ONLINE RETAIL
STORE.

Dear Respondents,

This is a part of Post-Graduation work. The data
is being collected purely for academic purpose and
would be kept confidential. Therefore, put your
frank opinion and oblige.

Note: Please give a tick mark to relevant answers.
Consumer Behaviour toward Supermarkets

1. Which retail store you prefer for purchasing
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product and services?

o Organized (Dmart, Reliance Smart, etc.)

o Unorganized (Local Kirana Store)

o Online website (Amazon, Myntra etc.)

2. What do you shop and from where (Orga-
nized, Unorganized and Online Retail Store)?

Items

Organized

Unorganized | Online

Vegetables

Grocery

FMCG
(ex: soap,
shampoo etc.)

Healthcare

Utensils

Clothes

3. How often times do you visit an Organized,

Unorganized and Online retail store?

Organized Retail
Store

0 Once a week

o Twice a week

o0 Once a month

o Twice a month

o More than twice a month

4. Below is the list of parameters, rate it on
the scale of mostly preferred to less while
shopping from Organized Retail Store (ex:
Dmart, Reliance Smart, etc.).

Parameters

Least
preferred

Moderately
preferred

Most
preferred

Price

Availability
of wide
range

Quality

Service

Ambience

Credit
facility

Closeness

5. Below is the list of parameters, rate it on the
scale of mostly preferred to less while shop-
ping from Unorganized Retail Store (ex: Lo-
cal Kirana Store).

Parameters

Least
preferred

Moderately
preferred

Most
preferred

Unorganized Re-
tail Store

0 Once a week

o Twice a week

o Once a month

o Twice a month

o More than twice a month

Near to the
house

Long
relationship

Online Retail store

o Once a week

o Twice a week

o Once a month

o Twice a month

o More than twice a month

Able to
bargain

Home
delivery

Faster in
service
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6. Below is the list of parameters, rate it on the scale of mostly preferred to less while shopping
from Online Retail Store (ex: Amazon, Myntra, Big basket)

Parameters Least preferred | Moderately preferred | Most preferred

Saves times

Product variety

Comparisons review

Home delivery

Availability

Easy go cart

Online payments

7. Kindly rate(tick) Organized Retail Store (ex: Dmart, Reliance Smart, etc.) based on the below
parameters (1- very poor to 5- very good)

Parameters 1-very poor | 2-poor 3-fair | 4-good | 5-very good

Quality
Location

Variety
Ambience

Service

Availability
Relationship

All product at one place

Bargaining

Discounts
Offers

8. Kindly rate(tick) Unorganized Retail Store (ex: Local Kirana Store) based on the below param-
eters (1- very poor to 5- very good)

Parameters 1-very poor | 2-poor | 3-fair | 4-good | 5-very good

Quality
Location

Variety
Ambience

Service
Availability
All product at one place
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Relationship

Bargaining

Discounts

Offers

9. Kindly rate(tick) Online Retail Store (ex: Amazon, Myntra, Big basket) based on the below pa-
rameters (1- very poor to 5- very good)

Parameters

1-very poor

2-poor | 3-fair | 4-good | 5-very good

Quality

Variety

Service

Availability

Relationship

All product at one place

Discounts

Offers

Personal Profile

a. Name of the Respondent:

b. Gender
o Male
o Female
o Other
c. Age (in years)
o Under 25
o 26-35
o 36-45
o 46-60
o Above 60
d. Educational Qualification
o Secondary
o Higher secondary
o Graduate
o PG

e. Occupation

Student

Government employee
Corporate employee
Unemployed

Other

f. Monthly Family Income
o Below 21000
o 21000- 40000
o 40000- 60000
o Or above

© © © © O

g. Marital status
o Married
o Unmarried

h. Residential area

©

In the city

o Outskirts of the city

o Suburban area of the city

o Village

Thank you for sparing your valuable time and for
participating in the study.
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