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Abstract. Digital content in regional languages like Marathi is increasing every
second on various online platforms, making it difficult to categorize manually.
Marathi, a morphologically rich language, presents unique challenges for auto-
mated text classification. This study examines the performance of Support Vec-
tor Machine (SVM) and Naive Bayes (NB) classifiers on the L3Cube-
MahaNews Marathi dataset, emphasizing the impact of stemming for text clas-
sification. Model performance was assessed using Precision, Recall, Accuracy,
and F-Measure. Experimental results demonstrate that stemming significantly
enhances classification accuracy and observed a 20% improvement for SVM
and 10% for NB. SVM consistently outperforms NB among the tested algo-
rithms across various train-test split combinations. This paper highlights the un-
derexplored role of stemming in Marathi text classification and emphasizes the
effectiveness of SVM in handling complex linguistic data. Future work will ex-
pand the analysis by incorporating additional machine learning algorithms on
the LDC-L3Cube-MahaNews dataset to optimize Marathi text classification ac-
curacy further.

Keywords: Natural Language Processing (NLP); Machine Learning; Text Clas-
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Introduction

The exponential growth in computer usage and internet access has led to the genera-
tion of massive amounts of digital data. This growth is evident across various do-
mains, including linguistic content, in a culturally diverse country like India. With 22
officially recognized languages, India hosts vast repositories of critical textual infor-
mation [1]. Accessing and analyzing this information manually is both time-intensive
and prone to errors. Automated document classification systems address this chal-
lenge efficiently. Such systems enhance information retrieval processes, benefiting e-
commerce sites, news agencies, content management platforms, blogs, and user-based
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recommendation engines. Marathi, the official language of Maharashtra, has a rich
corpus of important documents that necessitate automated processing for efficient
usage [2, 3]. Despite progress in text classification for global languages, Marathi doc-
ument classification remains underexplored. This paper covers the comparative study
of Support Vector Machines (SVM) and Naive Bayes (NB) for Marathi text classifi-
cation, along with the related advancements and applications.

The advent of machine learning (ML) has revolutionized text classification, offering
superior accuracy and scalability compared to manual methods. Manual classification
is time-consuming, error-prone, and cost-intensive due to human limitations and
knowledge gaps. The advancements in machine learning field, such as Random Forest
(RF), Support Vector Machines (SVM), and Naive Bayes (NB) have changed the
manual methods by reducing both time and cost and ensuring higher accuracy [4-6].
These algorithms have been instrumental in improving classification efficiency across
diverse fields such as education, politics, sports, healthcare, and more.

Text Feature

Representation Selection Classification

Preprocessing

Fig. 1 Process of Text Classification

Automated text classification has proven effective in processing and categorizing
textual data across industries. Industries, for instance, handle vast numbers of griev-
ances and inquiries daily. Prompt classification and routing of these inputs are crucial
to ensuring efficient customer service. ML algorithms are deployed in such scenarios
to minimize errors, reduce response times, and improve overall customer satisfaction.
Data misclassification delays responses and negatively impacts operational efficiency,
emphasizing the need for robust classification systems.

ML algorithms enable systems to learn from experience, enabling them to adapt
and improve without explicit programming. The main ML paradigms include super-
vised, unsupervised, semi-supervised, and reinforcement learning [7]. These para-
digms guide the implementation of models that extract insights from data for applica-
tions like classification and regression.

This study compares two supervised learning techniques, SVM and NB, for Mara-
thi text classification. Both algorithms have proven effective for text classification
tasks, though they differ significantly in their working principles [4]. SVM is a capa-
ble algorithm as it divides both datasets into classes through the optimal hyperplane,
making it appropriate for interactive and high-dimensional datasets [5]. The Naive
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Bayes (NB) classifier is a probabilistic model that uses Bayes' theorem while assum-
ing that the features are independent, thus allowing for fast computation and the abil-
ity to handle categorical data. [8, 9].

The major motivation of this work was to examine the influence of pre-processing,
comprising stemming [10, 11], on Marathi document classification. The study was
conducted by employing SVM and NB, two popular supervised machine-learning
approaches, to determine the difference in classification accuracy between datasets
with and without pre-processing. The study highlights the critical role of pre-
processing, mainly stemming and stop-word removal, in enhancing Marathi text clas-
sification.

The paper's structure is outlined as follows: Section 2 provides an overview of re-
lated work, whereas Section 3 examines into the methodology utilized; subsequently,
Section 4 presents the results of various text classification models for the Marathi
language, and finally, Section 5 summarises the key findings and conclusions..

2 Related Work

Text classification has advanced significantly for Western languages, particularly
English, benefiting from abundant resources like dictionaries and tools. In contrast,
Indian languages, especially Marathi, “the third most spoken language in India and
15th worldwide”, face challenges due to limited resources, linguistic complexities,
and diverse dialects [21]. This paper reviews existing approaches, highlights research
gaps, and suggests future directions to advance Marathi Language Text Processing
and support the research community.

Over the years, research on text classification has evolved significantly, particularly in
Marathi and other regional languages. Early works, such as those by Pooja Bolaj
(2016) et. al., explored classification of Marathi text using SVM, Naive Bayes, and
MKNN, highlighting improvements in accuracy but acknowledging the challenges of
achieving 100% precision [3]. Narhari and Shedge (2017) further advanced Marathi
text classification by integrating the LINGO algorithm with Single Value Decomposi-
tion (SVD) and Principal Component Analysis (PCA) for dimensionality reduction
[12]. Meanwhile, Saigal and Khanna focused on English text classification, achieving
impressive accuracies using LS-SVM, TW-SVM, and LS-TWSVM, suggesting future
improvements with multi-category SVM-based techniques [13]. Similarly, Rakholia
and Saini (2017) examined Gujarati text classification, demonstrating an increase in
Naive Bayes classifier accuracy with feature selection [14]. Other studies extended
text classification to multiple languages, such as Punjabi, Bengali, Urdu, and Tamil,
using Naive Bayes,Artificial Neural Networks, SVM, and N-gram techniques, achiev-
ing high classification accuracy. Faisal et al. (2018) tackled Word Sense Disambigua-
tion in Indonesian using SVM and TF-IDF, attaining an 87.7% accuracy [15].

Recent research has continued to refine text classification methodologies. Deshmukh
(2022) classified Marathi poems into emotional categories using Naive Bayes and
feature selection techniques, reaching a peak accuracy of 97% [9]. Palanivinayagam
et al. (2023) conducted a large-scale review of 224 studies from 2003 to 2022, con-
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firming SVM as the most frequently used and best-performing model in text classifi-
cation [16]. Lade and Dhore (2021) focused on Marathi news article classification
using kNN and TF-IDF, achieving 91.27% accuracy [17]. In 2024, Sawant and Govil-
kar evaluated machine learning models for Marathi text classification, concluding that
SVM outperformed Naive Bayes and kNN [10]. Additionally, another study classified
Marathi documents into tourism, health, and festival categories using the LINGO
Clustering algorithm with a 91.10% accuracy [12]. This development highlights the
growing superiority of machine learning techniques in text classification, with recent
efforts emphasizing improved feature selection, clustering methods, and hybrid mod-
els for enhanced accuracy and efficiency.

3 Methodology

Text categorization assigns a predefined category to the text documents; this task
becomes complex considering the significant data for classification [12, 17]. The text
classification process involves pre-processing, feature extraction and classification as
main phases [10, 14]. Fig 2 shows the steps involved during pre-processing steps, and
Fig 2 shows the proposed architecture for Marathi text classification.

Feature
Extraction Stopwords

D Removal

Supervised
Learning Models

SVM &NB

Performance
Evaluation

Fig 2 Proposed Architecture

Text documents contain a large number of words, including both relevant and irrele-
vant ones. Irrelevant words can complicate the classification process, making it essen-
tial to pre-process the input data to reduce complexity [16]. The Marathi text docu-
ments are pre-processed through various pre-processing steps, including data clean-
ing, tokenization, stemming, and stopwords removal [1]. After pre-processing, the
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important features are extracted using feature extraction methods, which are then
provided to Machine learning (ML) algorithms [17].

3.1 Preprocessing

It includes following steps:

Input Validation (Data Cleaning): This phase removed non-Marathi characters, spe-
cial symbols, Marathi digits, and punctuations and replaced multiple spaces with sin-
gle spaces.

Tokenization: Tokenization refers to the procedure of segmenting verified input into
discrete units, or tokens, which typically correspond to individual words.

Stopwords Removal: It is the process of removing commonly used words which do
not carry meaningful information for tasks like text analysis or classification. These
words are typically filtered out during pre-processing because they do not contribute
significantly to the document's content or categorization; for stopwords removal from
the dataset, the already exist stopwords list was adopted [18].

3.2  Stemming

Stemming found to be effective for effective text classification. It enhances the accu-
racy and reduces the index size. This research work uses hybrid stemmer [11] devel-
oped using Dictionary-based stemmer and Rule-Based Stemmer.

3.3  Preprocessing

Feature Extraction:

TF-IDF (Term Frequency-Inverse Document Frequency) is a commonly used
weighting scheme in NLP and text analysis.

TF (Term Frequency) counts how frequently a term (e.g., a word or token) appears in
a document. Raw term counts, however, are inherently biased toward longer docu-
ments. To mitigate this, TF is normalized by dividing the term count by the total
number of terms in the document.

Inverse Document Frequency (IDF) evaluates a term’s rarity across the entire corpus
(dataset). It is calculated as the logarithm of the inverse probability of the term ap-
pearing in a document. Terms that occur in fewer documents receive higher IDF
scores.

TF-IDF combines these metrics by multiplying TF and IDF, assigning each term a
relevance weight. Terms with higher TF-IDF scores are deemed more discriminative
and meaningful for classification, as they highlight frequent words in specific docu-
ments but are rare in the broader corpus. This approach enhances feature relevance in
text-based models.

This work uses the TF-IDF Vectorizer to convert text features into numerical vectors.



880 M. P. Narkhede and H. B. Patil

3.4  Supervised Learning Methods

The machine learning models that learn from a labelled dataset are supervised learn-
ing models. They take a feature set and the corresponding label as input. The model is
trained on the input features and their labels to predict the class of unknown data.
SVM and NB are two popular supervised machine-learning models used in this work.
Support Vector Machine (SVM):

In the perspective of Marathi text classification, a SVM is a widely used model for
handling high-dimensional text data, such as features extracted using TF-IDF.

The main objective of SVM is to locate an optimal hyperplane that separates data-
points from different classes with a maximized margin which is the distance between
the hyperplane and the closest examples of the training set, which are referred to as
support vectors. The support vectors, which are the closest data points to the hyper-
plane, are instrumental to the formation of this decision boundary. [4, 7]. This hyper-
plane divides the feature space into two distinct regions, and new documents are clas-
sified by determining which side of the hyperplane they fall on [7].

Naive Bayes (NB):

Applied to Marathi text classification, the Naive Bayes model is a supervised classifi-
cation approach based on Bayes' theorem. It is considered a classical method for clas-
sification since it can efficiently handle extremely high-dimensional data such as Ma-
rathi text. One of the simplest models to develop with good speed efficiency is Naive
Bayes. It assumes that the features are conditionally independent, given the class la-
bel, thereby facilitating computation and quick prediction. Although this assumption
may seem strong, it has proven effective in many real-world applications, particularly
in NLP tasks.

The formula for Bayes' theorem is:

P[:.FL | E] _ PiEB|A}=P(A)

P(E)

Where:

e P(A|B): Posterior — probability of event A given evidence B

e P(B|A): Likelihood — probability of observing B assuming A is true

e P(A): Prior — initial belief about A before seeing B

e P(B): Evidence — overall probability of B happening across all scenarios
Naive Bayes is known for its simplicity, scalability, and effectiveness, making it an
ideal choice for classifying large-scale text data.

3.5 Performance Evaluation

Text classification systems are typically assessed using four primary metrics: Preci-
sion, Recall, F1-score, and Accuracy [3, 12]. Each metric offers distinct insights into
model performance:
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TP +TN
Accuracy =
TP+ FP+TN+FN
TP TF
Recall = —— Recall = ——
TP + FP TP+ FN
2 * Precision * Recall
F — Score =

Precision + Recall
Here, TP, TN, FP, and FN stand for true positives, true negatives, false positives, and
false negatives. This structured evaluation helps in thoroughly assessing the model’s
performance, highlighting both its strengths and weaknesses in different situations.
[13].

4 Results

This fragment discusses the Dataset used during the experiment and the results pro-
duced by SVM and NB for Marathi text classification.

This section discusses the L3Cube-MahaNews Marathi dataset used for classification
to compare different models. For this research, we utilized the L3Cube-MahaNews
Marathi dataset, a valuable resource for document classification. It comprises 27,525
news articles from the reputable Marathi news source Lokmat and 12 categories:
Fashion, Auto, Sports, Bhakti, Travel, Health, Crime, Tech, Education, Manoranjan,
International, Sports. The document is decomposed into small blocks, thus construct-
ing a dataset suitable for many machine-learning models to perform document classi-
fication [19, 20].

To allow experimentation because of the use of different text sizes, the dataset con-
sists of 3 sub-datasets where:

MahaNews-SHC (Short)

MahaNews-LPC (Medium)

MahaNews-LDC (Long)

While each subset includes the identical 12-class taxonomy, the average document
length differs across subsets, enabling complete comparative analyses. We introduce
L3Cube-MahaNews, the first large-scale dataset for document classification in Mara-
thi that is publicly available for research [20]. This research utilized 50 documents
from each of the 12 categories, totaling 600 documents.

The feature vector size of 34746 was reduced to 16777 after pre-processing, enhanc-
ing computational efficiency while retaining essential textual information.

To evaluate the impact of stemming, we implemented the SVM classifier on the da-
taset both before and after applying the Hybrid stemmer. The text classification re-
sults after stemming show significant improvement in the classification accuracy.
Additionally, we experimented with different train-test split ratios (e.g., 70:30, 80:20,
90:10) to analyse their effect on model performance. Our results revealed that the
SVM classifier attained the maximum increase in accuracy, 20%, when trained with a
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90:10 train-test split, indicating that a larger training set contributed to improved gen-

eralization.
Table 1.Classification results using SVM
Support vector Machine (SVM)

Train No. Total Total Without With %
-Test of Unique Words Stemming | Stemming In-
Split Files Terms crease

90:10 34 54 20%

80:20 40 56 16%

7030 600 16777 34746 39 52 15%

75:25 33 50 17%

This research work also implemented NB classifier for evaluating the impact of pre-
processing techniques on Marathi text classification.

Table 2. Classification results using NB

Naive Bayes (NB)
1 0,
Train No. Total Total Without With &
-Test . Unique . . In-
. of Files Words Stemming Stemming
Split Terms crease
90:10 21.66 32 10%
70:30 9.44 12.22 3%
75:25 18.66 22 3%

The obtained results are summarised in Tables 1 and 2. From this experiment, we
analysed that increasing the training data with stemming leads to increasing the classi-

fication result accuracy.
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Fig 3.Classification Results of SVM and NB

Fig 3 shows that the results improve with pre-processing techniques like stemming.
Additionally, a comparative analysis of the two classifiers, SVM and NB, revealed
that SVM consistently outperformed NB in terms of classification accuracy. This
result suggests that SVM is suitable for morphologically rich languages such as Mara-
thi, which has high-dimensional data, as it can find an optimal decision boundary.
Hence, SVM is a more effective choice for text classification in our experimental
setup.

5 Conclusion

This paper presented two models, SVM and NB, for Marathi text Classification on the
L3Cube-MahaNews Marathi dataset. Our results notably improved after stemming
from the LPC- L3Cube-MahaNews Marathi dataset. The use of stemming for Marathi
Text classification using supervised methods has been underexplored in the literature.
We have demonstrated that our pre-processing stages provide satisfactory results. We
have implemented the SVM and NB algorithm using stemming and without stem-
ming, which gives better results in Accuracy. The results of the SVM and NB algo-
rithms with and without stemming are compared, and it is observed that the Accuracy
of Marathi text classification is increased by 20% for SVM and 10% for NB. The
experimental results on SVM and NB classifiers with different train-test split combi-
nations show that we achieved higher performance using SVM. Future research will
focus on implementing and testing the performance of various ML algorithms, includ-
ing SVM and NB, for the LDC- L3Cube-MahaNews Marathi dataset.
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