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ABSTRACT:

The rapid growth of digital content has made sentiment analysis (SA) an essential tool for
understanding public sentiment and classifying textual data. Despite significant progress in
natural language processing (NLP), low-resource languages, particularly Sindhi, remain
underexplored due to the lack of computational tools and annotated datasets. This study
addresses this gap by introducing the Sindhi News Headlines Dataset (SNHD), a novel corpus
annotated for both SA and category classification across eight categories: Crime, Economy,
Entertainment, Health, Politics, Science & Technology, Social, and Sports. To evaluate the
effectiveness of different machine learning (ML), deep learning (DL), and transformer-based
approaches, we conduct a comparative analysis of various models on SA and category
classification tasks. Furthermore, we leverage Explainable Artificial Intelligence (XAl)
techniques, such as Local Interpretable Model-Agnostic Explanations (LIME), to gain
insights into model decision-making. Experimental results show that traditional ML models
outperform DL and transformer-based models on the SNHD dataset. Specifically, Support
Vector Machines with Radial Basis Function (SVM-RBF) achieves the highest performance
for SA (0.74 accuracy and weighted F-score), while the Ridge Classifier (RC) delivers the
best results for category classification (0.84 accuracy and weighted F-score). Among
transformer models, XLM-RoBERTa demonstrates strong performance in category
classification (0.82 accuracy and weighted F-score). These findings establish a benchmark for
future research in Sindhi NLP and highlight the potential of hybrid approaches in tackling
challenges associated with low-resource languages. This work provides a foundational
resource for NLP researchers seeking to advance computational methods for Sindhi and
similar underrepresented languages.
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1. INTRODUCTION
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within Natural Language Processing (NLP)

The exponential rise of digital media has
transformed the way information is created,
consumed, and interpreted. News platforms
and social networks continuously generate
extensive  text-based content  that
significantly influences public emotions,
decision-making, and societal perception.
Sentiment analysis, also known as opinion
mining, has emerged as an essential field

that aims to computationally determine the
emotional polarity—such as positive,
negative, or neutral—expressed within
textual data.

While extensive research has been
conducted on sentiment analysis in widely
used languages like English, Chinese, and
Arabic, low-resource languages such as
Sindhi remain significantly underexplored.
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Sindhi is spoken by millions of people in
Pakistan and India, representing a major
linguistic group in South Asia. However,
due to a lack of standardized NLP
resources—such as labeled  datasets,
annotated corpora, and pre-trained language
models—sentiment analysis in Sindhi faces
several unique challenges including limited
feature representation, complex morphology,
script  ambiguity, and  orthographic
variations.News headlines, in particular,
play a vital role in shaping public sentiment
because they provide concise summaries of
major events in categories such as politics,
sports, entertainment, technology, and
socio-economics. Accurate classification
and polarity detection of Sindhi news
headlines can provide valuable insights for
media monitoring, public opinion prediction,
regional security analytics, and
misinformation detection.

This research paper aims to address the
existing challenges by performing category-
based sentiment analysis of Sindhi news
headlines using a combination of Machine
Learning (ML), Deep Learning (DL), and
Transformer-based models. Traditional ML
approaches like Support Vector Machines
(SVM) and Naive Bayes are evaluated
alongside advanced neural architectures
such as Convolutional Neural Networks
(CNN) and Long Short-Term Memory
networks (LSTM). Additionally, state-of-
the-art transformer models like BERT-based
variants are incorporated to leverage
contextual understanding of the Sindhi
language.

The primary objective of this study is to
analyze and compare the effectiveness of
these models on Sindhi text classification
and sentiment polarity detection tasks. The
outcomes provide performance benchmarks
and contribute significantly to developing
computational resources for the Sindhi
language. In a broader scope, this research
supports linguistic inclusivity in the digital

world and enhances automation in regional
language content analysis, contributing
toward a more informed and sentiment-
aware societal environment.
ILLITERATURE SURVEY

Sentiment analysis has emerged as one of
the most influential subdomains of Natural
Language Processing, exerting a strong
impact in fields such as media analytics,
public opinion monitoring, and socio-
political decision-making. A significant
portion of existing research has focused on
resource-rich languages, while low-resource
languages such as Sindhi  remain
comparatively unexplored due to the
absence of standardized linguistic resources,
labeled corpora, and NLP tools. Several
researchers have attempted different
approaches including Machine Learning
(ML), Deep Learning (DL), and more
recently Transformer-based
techniques.Early studies in multilingual
sentiment classification largely relied on
traditional ML methods like Naive Bayes,
Logistic Regression, and Support Vector
Machines (SVM). These techniques
primarily depend on handcrafted features
extracted using TF—IDF, N-grams, and Part-
of-Speech tagging. Although these models
deliver reasonable performance, their
inability to understand deep contextual and
semantic  relationships  limits  their
applicability to morphologically complex
languages like Sindhi.With advancements in
neural architectures, researchers shifted
towards Deep Learning-based approaches.
Convolutional Neural Networks (CNN) and
Long Short-Term Memory (LSTM) models
demonstrated superior performance by
learning hidden text representations without
manual  feature engineering.  Studies
conducted on Urdu, Hindi, Bengali, and
Pashto text classification showed that DL
methods capture sentiment nuances more
effectively, particularly when trained on
sufficient annotated datasets.More recently,
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Transformer-based models such as BERT,
RoBERTa, and XLM-R have revolutionized
sentiment analysis. These models use self-
attention mechanisms that learn semantic,
syntactic, and contextual information
simultaneously. Research on multilingual
BERT variants has shown notable
improvements in  sentiment prediction
accuracy across several low-resource South
Asian languages. They outperform CNN
and LSTM by addressing challenges such as
long-term dependency handling, context
loss, and vocabulary sparsity.Moreover,
very limited studies address news headlines,

which  require  fine-grained sentiment
interpretation due to their  short,
information-dense, and impactful

nature.Therefore, existing literature reveals
a clear research gap in developing a
comprehensive category-based sentiment
analysis system for Sindhi news headlines,
leveraging modern NLP innovations. The
present study contributes to this field by
comparing ML, DL, and Transformer-based
models, thereby establishing baseline
performance benchmarks and improving
artificial intelligence support for the Sindhi
language community.

HLEXISTING SYSTEM

Current sentiment analysis systems for low-
resource languages like Sindhi are still
developing  and lack  standardized
approaches. Most existing works focus on
sentiment prediction in commonly used
languages, leaving Sindhi with limited
computational support. Traditional
sentiment analysis for Sindhi is primarily
dependent on basic Machine Learning
approaches using shallow linguistic features.
Though these systems contribute to the
foundational  development of Sindhi-
language NLP, they remain insufficient for
real-world applications such as large-scale
media monitoring or  category-based
sentiment interpretation in news content. In
most existing systems, deep semantic and

contextual relationships are not considered,
leading to various misclassifications,
especially in headlines that embed emotions
indirectly. Additionally, there is no unified

framework  that performs  sentiment
detection while also classifying the
category/domain of the text, such as

political, entertainment, sports, crime, or
business news. Even with advancements in
multilingual NLP models such as mBERT,
most existing implementations fail to
incorporate Transformer-based approaches
for Sindhi .Hence, although earlier systems
provide a fundamental baseline, they lack
scalability, robustness, and sensitivity to
linguistic characteristics of the Sindhi
language.

IV. PROPOSED SYSTEM

The proposed system introduces a unified
framework for performing category-based
sentiment analysis of Sindhi news headlines
by integrating Machine Learning (ML),
Deep Learning (DL), and Transformer-
based models. The primary objective is to
classify headlines into their respective news
categories such as politics, sports, business,
crime, health, entertainment, and technology,
while  simultaneously determining the
sentiment polarity as positive, negative, or
neutral. To address the limitations of current
approaches and the scarcity of linguistic
resources  for  Sindhi, a tailored
preprocessing module is developed to
normalize Sindhi script, remove irrelevant
tokens, and handle dialectal variations. The
processed text is then fed into three parallel
modeling pipelines: classical ML models
relying on vector representations such as
TF-IDF, Deep Learning architectures such
as CNN and LSTM utilizing word
embeddings, and advanced Transformer-
based models like mBERT and XLM-R,
which capture deep contextual semantics.
These models are trained and evaluated
individually, and the best-performing
classifiers are combined using an ensemble-

International Journal of Data Science and IoT Management System

IJDIM, 2025, 4 (4(1)), 15-20 | 17



ISSN: 3068-272X

www.ijdim.com

International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Original Research Paper

based hybrid strategy to enhance accuracy
and generalization. Transformer models are
fine-tuned on the Sindhi dataset to improve
contextual understanding and mitigate
resource limitations. The system further
incorporates performance evaluation metrics
such as accuracy, precision, recall, F1-score,
and confusion matrix analysis to ensure
robust comparative benchmarking. Overall,
the proposed framework significantly
enhances the quality and reliability of
Sindhi sentiment analysis by introducing
deep and context-aware learning
mechanisms. It not only contributes a novel
methodological advancement but also
supports the development of computational
resources for a low-resource language,
enabling effective sentiment-driven media
analytics for Sindhi-speaking populations.
V.SYSTEM ARCHITECTURE
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VII.CONCLUSION

This research addressed the critical need for
a robust sentiment analysis system tailored
to the Sindhi language, which has remained
largely underrepresented in natural language
processing advancements. By proposing an
integrated  framework that  combines
Machine Learning, Deep Learning, and
state-of-the-art Transformer models, this
study successfully enhances sentiment and
category classification accuracy for Sindhi
news headlines. Through customized
preprocessing techniques, contextual
embedding strategies, and an ensemble-
based decision mechanism, the system
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effectively handles linguistic challenges
such as semantic ambiguity, script
complexity, and short headline structures.
The experimental outcomes highlight that
the incorporation of contextualized language
models like mBERT and XLM-R
significantly improves predictive
performance compared to conventional
machine learning methods.

The proposed approach not only contributes
technically to sentiment analysis research
but also promotes linguistic inclusivity by
establishing benchmarking resources for a
low-resource  language. This  system
demonstrates strong potential for real-world

applications, including sentiment-driven
journalism  analysis, public  opinion
monitoring, and regional information

retrieval. Overall, the study lays a solid
foundation for the future development of
advanced computational tools that support
automated understanding of Sindhi media
content and contribute to the growth of
natural language processing research in
South Asian languages.

VIIIL.LFUTURE SCOPE

The future of fake news detection research
presents a wide range of opportunities to
improve model reliability, scalability, and
societal impact. More sophisticated hybrid
architectures combining machine learning,
deep learning, and knowledge-based
reasoning can enhance context
understanding and reduce classification
errors. The integration of multilingual and
multimodal analysis — including text,
images, videos, and social media patterns —
will enable systems to accurately detect fake
content across diverse platforms and global
audiences. Real-time detection pipelines
powered by streaming analytics can provide
early warnings to prevent misinformation
from  spreading  rapidly.  Moreover,
collaboration with fact-checking
organizations, integration of explainable Al
for transparent decision-making, and

continuous learning frameworks can help
adapt to evolving misinformation strategies.
The adoption of privacy-preserving models
and ethical guidelines will also be crucial to
maintain fairness, accountability, and user
trust. Overall, future advancements aim to
develop intelligent, robust, and adaptive
solutions capable of safeguarding digital
ecosystems from the growing threat of fake
news.
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