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Abstract
Corporate Social Responsibility (CSR) has evolved from being a philanthropic obligation to a core
strategic function influencing stakeholder engagement, brand reputation, sustainability, and
ultimately, financial performance. In a dynamic global economic environment, companies are
increasingly pressured by governments, investors, and consumers to align their operations with social
and environmental standards. While CSR practices have often been considered a cost center, recent
research suggests a positive correlation between CSR and financial returns through enhanced brand
value, customer loyalty, and risk management. This study aims to explore the relationship between
CSR initiatives and the financial performance of corporations, particularly in the Indian context.
Furthermore, it integrates software and machine learning (ML) perspectives by employing data
analytics and predictive models to analyze the impact of CSR disclosures on stock performance,
Return on Equity (ROE), Return on Assets (ROA), and Earnings Per Share (EPS). Using ML
techniques like linear regression, sentiment analysis on CSR reports, and clustering, the study
guantifies intangible social impact indicators and correlates them with financial datasets. The ultimate
goal is to demonstrate how technology can empower investors and companies to make informed,
ethically-aligned decisions while achieving economic gains.
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I.INTRODUCTION

The concept of CSR has evolved significantly
from being voluntary philanthropic donations to
an integral part of corporate governance and
strategy. Today, CSR is seen as an essential
indicator of a company's ethical foundation and
social license to operate. In India, CSR gained
regulatory importance with the enactment of the
Companies Act, 2013, which mandated CSR
activities for companies meeting certain
financial  thresholds. This move  was
revolutionary, placing India among the first
countries to legislate corporate giving.Despite
widespread CSR implementation,  the
relationship between CSR and financial
performance remains a subject of extensive
debate. Some scholars argue that CSR enhances
long-term financial value by improving
stakeholder relationships, customer loyalty, and

employee satisfaction. Others contend that it
represents an opportunity cost that could detract
from profitability. Against this backdrop, the
need for more empirical, data-backed evidence
becomes paramount. This study explores how
CSR affects financial outcomes such as Return
on Equity (ROE), Return on Assets (ROA),
Earnings Per Share (EPS), and stock prices, with
the added dimension of machine learning for
predictive analysis and pattern recognition.

The increasing availability of structured and
unstructured  data  offers  unprecedented
opportunities to explore the CSR-financial
return relationship more rigorously. Machine
learning can process large volumes of CSR
reports, sentiment data, and financial indicators
to derive insights that were previously
unattainable through traditional statistical

International Journal of Data Science and [oT Management System

JDIM, 2025, 4 (4(1)), 74-78| 74



ISSN: 3068-272X

www.ijdim.com

International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Original Research Paper

methods. As such, this research not only
contributes to CSR literature but also bridges the
gap between ethical business practices and
modern computational techniques.

Definition:

Corporate Social Responsibility (CSR): An
organization's commitment to contribute to
societal goals by engaging in or supporting
ethically-oriented  practices  that  benefit
communities, the environment, and all
stakeholders. CSR includes philanthropic
donations, employee volunteerism, responsible
supply chains, and transparent governance.
Financial Returns: Measures of a company’s
profitability and value generation, including but
not limited to ROA, ROE, EPS, and share price
appreciation. These metrics reflect the financial
success and sustainability of business strategies.
CSR Disclosure: The practice of publicly
reporting CSR activities, their outcomes, and
associated  expenditure  through  formal
documents like annual reports or sustainability
reports.  Effective  disclosures  improve
transparency, stakeholder trust, and compliance.
Machine Learning (ML): A subset of artificial
intelligence (Al) that enables computers to learn
from historical data and make predictions or
decisions without being explicitly programmed.
ML is used for automating analysis, detecting
patterns, and forecasting outcomes.

Sentiment Analysis: A method of natural
language processing used to determine whether
textual content expresses positive, negative, or
neutral sentiments. It is particularly useful for
analyzing CSR reports and stakeholder
feedback.

ESG (Environmental, Social, Governance): A
framework used to evaluate a company's
collective conscientiousness for social and

environmental factors. It is often used by
investors to screen socially responsible
investments.

Sustainability Index: A stock index that

evaluates and lists companies based on their
ESG performance. Examples include the Dow

Jones Sustainability Index and the NIFTYZ100
ESG Index.

Research Problem:

While CSR has become mainstream in corporate
policy and governance, its tangible benefits on
financial performance are not well understood.
Do companies investing heavily in CSR reap
measurable financial rewards? Or is CSR more

about ethical alignment and reputation
management? Traditional research methods
have provided conflicting answers.

Additionally, companies differ in the quality and
transparency of CSR reporting, making standard
evaluation difficult. Given the increasing
digitization of corporate reports and the rise of
ESG investing, there is an urgent need to
employ machine learning to analyze large
datasets and identify patterns linking CSR
efforts to financial outcomes. The central
research problem, therefore, is: “Can machine
learning-based analysis of CSR practices predict
financial returns of companies, and if so, what
are the most significant indicators influencing
this relationship?”

How do textual sentiments in CSR disclosures
correlate with stock performance and investor
perception?

Can predictive analytics identify firms likely to
succeed based on their CSR orientation?

These research questions guide the formulation
of hypotheses and the application of ML
techniques to uncover meaningful relationships.
RESEARCH METHODOLOGY

This research adopts a mixed-method approach
combining  qualitative and  quantitative
techniques, supported by computational tools.
The methodology involves five key phases:
Data Collection: CSR data and financial
information were extracted from annual reports,
corporate filings, and BSE/NSE databases for
100 Indian publicly listed companies.

Textual CSR reports were scraped for NLP and
sentiment analysis.

ESG scores were collected from global ESG
data providers.
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Data Cleaning & Preprocessing: Datasets were
cleaned using Python libraries such as Pandas
and NumPy.

Missing values were imputed using interpolation
and KNN imputation methods.MCSR activities
were categorized into themes: education, health,
environment, rural development, etc.

Machine Learning Implementation: Linear
regression and Random Forest models were
used to predict ROA and ROE based on CSR
variables.

Sentiment analysis was conducted using
VADER and TextBlob on CSR disclosures.
Clustering algorithms grouped firms into CSR-
performance categories.

Analysis Tools: Python (Jupyter Notebook),
Tableau, Excel, Seaborn, Matplotlib.

Metrics: R2? score, MAE, F1-score, correlation
coefficients.

Validation: Results were validated using cross-
validation and benchmarking against financial
indices like NIFTY ESG.

ILLITERATURE REVIEW

Numerous studies have explored the link
between CSR and corporate performance.
Freeman's  Stakeholder = Theory  (1984)
emphasized that firms should prioritize all
stakeholders, not just shareholders. Carroll
(1991) defined CSR through his pyramid model,
establishing its ethical, legal, economic, and
philanthropic dimensions.

In the Indian context, Sharma and Kiran (2013)
investigated post-legislation CSR practices and
observed enhanced disclosures, albeit with
mixed financial outcomes. KPMG (2021)
reported a positive trend in CSR spending across
industries, particularly in healthcare and
education.

Recent advancements in computational analysis
have brought a new dimension to CSR research.
Bhatia et al. (2020) used ML for ESG scoring in
Indian firms, showing improved financial
performance in companies with high ESG
ratings. Liu et al. (2019) applied NLP
techniques to analyze CSR sentiment in
American firms and found a significant impact

on market value. Deloitte (2022) emphasized
Al's role in automating sustainability reporting
and predicting CSR-related reputational risks.
Further, studies by Khan et al. (2021) showed
that CSR disclosures with high sentiment scores
were associated with increased investor trust
and reduced capital costs. PwC's 2022 ESG
report outlined how predictive analytics and Al
are being used globally to assess ESG
compliance risk and investment potential.
Despite these efforts, literature still lacks models
tailored to Indian corporate dynamics, cultural
influences, and regulatory frameworks. This
study fills the gap by combining traditional CSR
assessment with modern software tools, thereby
offering a multidimensional view of CSR's
effect on profitability. 111.LDATA ANALYSIS
AND INTERPRETATION

The data analysis phase in this research
employed a mix of traditional statistical tools
and modern machine learning techniques to
extract meaningful patterns and relationships
between CSR activities and corporate financial
performance. The analysis encompassed both
structured financial indicators and unstructured
textual data from CSR disclosures.

1. Descriptive Statistics and Sector-Wise
Insights

The CSR and financial data were first subjected
to descriptive statistical analysis. The sample
included 100 Indian public companies from
various  sectors including IT, banking,
pharmaceuticals, manufacturing, and energy. On
average, the CSR expenditure across companies
was 2.3% of the average net profits over the
previous three years.

e IT Sector: Companies like Infosys and
TCS demonstrated a consistent pattern
of above-average CSR spending
focused on education and digital
literacy. These firms showed an average
ROE of 20% and a 10% year-on-year
growth in market capitalization.

e Banking Sector: Firms like HDFC and
SBI showed variability in CSR focus,
but consistent investments in rural
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development and financial literacy led
to stable ROAs above 1.5%.

e Energy Sector: Oil and gas companies
prioritized environmental sustainability
and rural development, but showed
weaker correlation with  financial
performance, indicating possible lagged
effects of CSR.

2. Regression and Correlation Analysis

The statistical correlation analysis revealed a
positive and statistically significant relationship
between CSR expenditure and key financial
metrics:

e ROE wvs CSR Spend: Pearson's
correlation coefficient was +0.61 (p <
0.05)

e ROA vs CSR Spend: +0.56 (p < 0.05)

e EPS vs CSR Sentiment Score: +0.65
(p <0.01)

Multiple linear regression models were applied
with ROE and ROA as dependent variables and
independent variables including CSR spend,
ESG score, net profit margin, and sentiment
score. The R2 values ranged from 0.68 to 0.76,
indicating a strong explanatory power of the
models.

3. Sentiment Analysis

Using VADER and BERT-based NLP models,
CSR textual reports were analyzed for sentiment
orientation. Companies whose CSR disclosures
contained terms like  “empowerment”,
“impactful”, “sustainability”, and “community
upliftment” showed higher sentiment polarity
scores. These scores were then correlated with
market performance:

e Companies in the top quartile for
sentiment scores saw a 12.5% increase
in share price on average over three
fiscal years.

e Companies with negative or neutral
CSR tone had stagnant or declining

stock prices, especially in the
infrastructure and heavy industries
sectors.

4. Machine Learning Models
ML models provided predictive insights:

e Random Forest Regressor
outperformed linear regression in
predicting ROE based on CSR features
with an MAE of 1.7 and R2 of 0.81.

e XGBoost Model identified CSR
disclosure  quality,  environmental
initiatives, and education spending as
top predictors.

e K-Means Clustering created four CSR-
financial clusters:

This classification helped in identifying outliers
where CSR spend did not translate into expected
financial outcomes, indicating either
inefficiency or misalignment in CSR execution.
5. Dashboard Visualization

Interactive dashboards created in Tableau and
Python allowed visualization of:

e Year-wise CSR expenditure trends

e Sectoral comparisons of ROA/ROE and
CSR categories

e Sentiment vs stock price movement

e Clustered CSR-financial maps

6. Key Observations

e Companies with integrated and strategic
CSR approaches, especially those
aligned with UN SDGs, consistently
outperformed peers in both ROE and
brand valuation.

e Firms using emotionally rich language
in CSR disclosures resonated more with
stakeholders and attracted positive
investor sentiment.

o Predictive analytics confirmed that CSR
sentiment score was a leading indicator
of stock price movement in over 70% of
cases.

e Machine learning offered nuanced
insights that traditional statistics could

not capture, such as non-linear
interactions and feature importance
rankings.

IV.FINDINGS

« A statistically significant relationship
exists between CSR spending and
financial performance.
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s The quality and sentiment of CSR

disclosures influence investor
confidence and returns.
« Machine learning enables deeper

insights into CSR impact, especially in
handling qualitative data.

«» Strategic CSR (aligned with business
goals) shows stronger financial benefits
than mandated or symbolic CSR.

+«» Financially successful firms often use
CSR to enhance brand equity, reduce
regulatory risk, and attract ESG-
conscious investors.

¢+ There is growing potential to use Al for

CSR compliance tracking,
greenwashing detection, and impact
prediction.

«» Sectors like IT, Banking, and

Pharmaceuticals
maturity  than
infrastructure.
V.CONCLUSION
CSR is no longer an optional or altruistic
exercise but a strategic imperative for modern
corporations. The study concludes that well-
designed and transparently communicated CSR
initiatives positively influence a firm’s financial
performance. By integrating machine learning
and text analytics, companies and analysts can
gain deeper insights into CSR’s real impact—
going beyond spend amounts to understand
sentiment, stakeholder trust, and market signals.
In the digital age, businesses that align profit
with purpose are likely to be rewarded by both
investors and society. As regulatory landscapes
become more ESG-centric, the use of intelligent
systems for CSR evaluation, monitoring, and
reporting will become not only valuable but
essential.
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