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Abstract— Legal text processing is a domain that holds an
unexplored path, due to the various confidentialities and
constraints it may involve. Nonetheless, it is one of the
domineering verticals that has methodically evaded
technological integration primarily to ensure ethical and
security concerns of the data involved. However, while there are
still considerations, the need for automated legal text mining has
accelerated informed litigative decisions, thereby augmenting
the accuracy of rulings, verdicts and enabled refined results in
multifarious ways. This paper pivots on accentuating the
prominence of pre-processing through the juxtaposed results
from two techniques such as the Bag-of-Words (BoW) and Term
Frequency - Inverse Document Frequency (TF-IDF) effectuated
prior and post pre-processing. Inorder to identify the accuracy
of legal text mining, the assiduous steps involved in
preprocessing delved in this study entail lowercasing, removal
of numbers and punctuation, stopword removal, and stemming.
Furthermore, it explores two key feature extraction methods:
Bag of Words (BoW) and Term Frequency-Inverse Document
Frequency (TF-IDF). Through visualization and analysis, this
study demonstrates the impact of preprocessing on feature
extraction, and further accelerate the efficacy of legal text
mining. The simulations for this indagation are carried out in
python, and the results are successfully obtained.

Keywords—Natural  Language  Processing, Feature
Extraction, Bag-of-Words (BoW), Term Frequency - Inverse
Document Frequency (TF-IDF), Preprocessing, Lowercasing,
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I. INTRODUCTION

Legal institutions and advocate organizations in India hold
a high number of caseloads and is constantly in need of
automated services to increase their adeptness of decision-
making, and swifter adjudication. The colossal impact of NLP
in neoteric domains have promoted its application in crucial
domains such as legal text mining, thereby advocating the
profuse burgeon of documentation in various litigative realms
[1]. NLP is instituted as an evolving tool to automate
challenging litigative documentations, interpreting records
and in better management of informed decisions. While the
efficacy of text mining largely relies on punctilious effective
processes relative to the domain, legal text mining requires
domain- contingent processing pipeline that can augment the
accuracy of processing. The automated processing using NLP
especially with the involved complex legal tasks, domain-
specific terminologies and statutory references has proved to
redefine the nuances of litigative filing and decision-making.
Nonetheless, meticulous and well-processed NLP pipelines
can aid in establishing resilient automated systems especially
with crucial realms like the legal systems. Natural Language
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processing techniques can aid in establishing efficacy and
better accessibility of legal data, thereby emphasizing the
indispensable role that they hold in legal dossier [2].

This paper delves into the methodologies and implications
of preprocessing legal texts, underscoring its indispensable
role in unlocking the full potential of NLP in legal analytics.
The utilization of Natural Language Processing (NLP) in the
legal domain through a meticulous pre-processing, and
hierarchy-based application unsheathes the vital information
from a gargantuan volume of data. This extraction of crucial
information renders better clarity of decisions, and provides
an unambiguous comprehension between the contextual
relationship that might exists between data. The integration of
NLP facilitates tasks such as legal document summarization,
contract analysis, automated document generation, and legal
research, thereby enhancing the efficiency and accuracy of
legal processes [4]. The creation of hierarchical structures
within documents, language translation, sentiment analysis,
and compliance monitoring further contribute to the
comprehensive utilization of NLP in the legal field. The
impact of NLP in streamlining legal workflows, augmented
information extraction models [3], to ensure compliance with
evolving legal standards addresses the issues of time-
consuming data retrieval, and aids in specifically pivoting on
the need for pre-processing techniques to procure the zenith of
accuracy in legal text mining. Preprocessing plays a pivotal
role in normalizing the documents by converting raw,
unstructured data into a structured format suitable for
computational analysis. Common preprocessing techniques
such as tokenization, stop-word removal, lowercasing,
stemming, and punctuation elimination are adapted and
refined to suit the nuances of legal language. The process
involves pre-processing the text, conducting sentiment
analysis to label sentences as positive, negative, or neutral,
and then summarizing the document while incorporating the
identified sentiments [6]. Special attention is paid to legal-
specific considerations such as terminology and context.

This research explores the integration of preprocessing
techniques as the foundation for hierarchy-based NLP
applications in legal text mining. By cleaning and preparing
legal corpora, it becomes feasible to extract vital information
from vast volumes of legal documents, thereby facilitating
downstream tasks such as entity recognition, document
summarization, sentiment analysis, and legal compliance
monitoring. Moreover, structured representations generated
through preprocessing pave the way for -constructing
hierarchical knowledge models that reflect the logical and
procedural flow within legal frameworks [5]. This paper is
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structured with section II elaborating the literature review
pertaining the study, section III delineates the methodologies
used, and section IV and V elucidates the results procured and
concludes the indagation respectively.

II. LITERATURE REVIEW

Olha Kovalchuk et al [1] delineated in the study about text
mining in the legal domain. Pivoted on utilizing a Decision
tree model using the Chi-square Automatic Interaction
Detector (CHAID) technique for stratifying legal data. Real-
time data for the study was garnered to for this study to
effectuate automated legal text stratification. The study
effectively showcased the decision tree model for criminal
proceedings document, and further highlighted the best
predictors using the X-Square criterion. Furthermore, text
classification was elaborated through machine learning
models. Another vital aspect of this study was the use of
stratification through text documents through Positive
Example Based Learning, while establishing topic modelling
to determine the thematic belonging of text documents in
document collections. Web crawling method was used as a
part of model building. The research procured an overall
accuracy of 95% for criminal proceeding document, and
85.5% for non-criminal proceeding documents.

Ashwini V. Zadgaonkar [3], et al in the paper titled “Legal
Text Mining and Analysis Based on Artificial Intelligence”,
delineates their objective to build a legal recommendation
system based on the litigative documents procured as real-
time data. The study is trifurcated into aspects of data
collection,  text  expression  representation  and
recommendation augmentation for legal argument mining.
The simulative cognizance observed through this study
delineates techniques from various researches ranging from
LLMs to legal NER, BERT- based models, along with LDS
and LTC to further improvise the usability of legal
provisions. Challenges pertaining to this study entail the
utilization of resilient pre-processing techniques, the ability
to handle multilingual functionalities, and combining
ontological models that can accelerate the predictive
accuracy and overall processing performance.

III. PROPOSED METHODOLOGY

Legal text mining using NLP is a less traversed realm of
research, but is swiftly catching pace inorder to regularize
faster assessing and text pattern extraction in documents [7].
However, it entails several phases which require meticulous
attention that need to be carried out in a punctilious manner.
Some of the potential areas of research that NLP can be
integrated for legal excellence is depicted through the figure
(Fig 1) below:

NLP Revolutionizes Legal Review

Key Entity Extraction

Efficlency Galns

Improved Accuracy

Risk ldentification

Fig. . NLP in Legal Domain Processing

The above figure illustrates the various uses of NLP in legal
text processing and mining, and developed using
pictochart.ai. Consecutively, a generic outline of the various
steps implemented for text mining and extraction is illustrated
in the below Fig 2.
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Fig. 2. Generic Steps using NLP

This paper elaborates about the emphasis of pre-processing
on legal datasets, comprising of a set of refining techniques
that can aid in augmenting the accuracy of further phases,
while showcasing the need for constant development through
continuous refinement. The below figure (Fig 3) elaborates
the various steps in pre-processing effectuated on the
procured dataset. The dataset comprises of data obtained
from Kaggle. The step-wise implementation of the below
phases holds an impact on the processing accuracy, while
further ensuring zenith of predictive performance.
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Fig. 3. Processes in Preprocessing

The process of lowercasing entails standardizing the
procured dataset, inorder to evade mismatch of data with
respect to lower and uppercase [12]. This process enables the
unwarranted bias that might crop with the gathered data,
thereby  significantly — mitigating complexity = while
incorporating semantic synonymity to the dataset.
Lowercasing also by large augments the accuracy of further
processing by distinctively applying redundant purging.

The subsequent phase post lowercasing entails removing
numbers and punctuations, which effectuates data cleaning
by removing the characters that may be irrelevant or not
needed [8]. These characters may include all forms of
punctuations that further helps in accelerating the accuracy of
processing.

Furthermore, to augment predictive and classification
accuracy, the inclusion of stopword purging is effectuated for
the incorporated dataset. The rationale behind stopword
purging is to remove all those words that may hold
insignificance in the comprehensive entirety of the language
[9], thereby expediting text processing to the pinnacle of
processing accuracy [14]. However, the stopwords may differ
from one dataset to another, and removing them in this
research entails the use of Natural Language Toolkit in the
incorporated dataset.

Stemming is implemented as the final phase of pre-
processing, and is dedicated to represent the language in its
most basic form [15]. The process entails condensing the
word to its root, thereby to normalize and standardize words
[10]. This reduction of the derivate words in a language
database can enhance the process of information unsheathing
to further equate them to structurally correlated words. This
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equivalence pattern extraction can accelerate accuracy of
language processing, while ensuring to reduce process
complexity.

The next phase after pre-processing incorporates the
process of feature extraction. In this research, feature
extraction [11] is executed using two algorithms such as Bag
of Words (BoW) [10] and Term Frequency-Inverse
Document Frequency (TF-IDF). This paper pivots to
demonstrate the effect of pre-processing on the data through
the implementation of feature extraction prior and after the
phases of pre-processing lineated above. BoW and TF-IDF
are used inorder to cerate a corpus, with each document
represented as a word vector. This technique is used with an
objective to correspond every unique word as a feature.
Thereby, establishing the feature count as the word frequency
from the constructed document.

The TF-IDF on the other hand, overcomes the limitations
of BoW interms of semantic context limitation and
vulnerability to overfitting, and implements feature
extraction by measuring the term weightage in correlation
with the cruciality of words in the document relative to the
entire corpus [13]. Two consecutive phases are designed with
TF-IDF, with the frequency of words taken into account in
the first phase, and the logarithmic inverse fractioning of the
terms in the document implemented in the second. The TF-
IDF technique refines the accuracy of language processing
interms of their impact on the commonly occurring words,
while instituting the priority of terms in the document,
thereby accentuating the process of feature extraction than the
former technique. The results of the delineated feature
extraction techniques are established prior and after pre-
processing, to comprehend the impact of pre- processing on
the incorporated database. Furthermore, this juxtapose of pre-
processing with feature extraction elucidates the accuracy
analysis of language processing, while cognizing the vitality
of pre-processing steps for any entailed dataset.

The post-analysis phase of this research focuses to showcase
the results of implementation through a Principal Component
Analysis (PCA) [16] method to emphasize on the language
processing change and accuracy of processing. The results of
this analysis are also delineated in the subsequent section.

IV. RESULTS

This section elaborates the various results procured from
the implementation of pre- processing and feature extraction.
Legal text data is obtained from Kaggle, and when observed
the data comprises of gargantuan quantity of unstandardized
terms, thereby requiring a mandated normalization process to
annihilate the redundancies and noise from the data. A
screenshot of the raw data is shown in the figure below:The
preprocessing and feature extraction was implemented in
Python and applied to frames extracted from real and deepfake
video datasets. The results of these implementations are
presented and discussed below, with corresponding
visualizations in Figures 4 to 7.
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Fig. 4. Raw Data Prior to Pre-processing

The legal text data thus garnered is then effectuated into
the feature extraction processes of BoW and TF-IDF prior to
pre-processing, and the results thus obtained are illustrated in
Fig 5 and Fig 6 respectively. The PCA analysis is also
demonstrated prior to pre-processing inorder to demonstrate
the language processing change that can be observed prior and
post pre- processing phase. The result of the PCA
implementation before pre-processing is demonstrated in Fig
7.
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Fig. 5. Text Feature Extraction using BoW before Text Pre-Processing

Fig. 6. Text Feature Extraction using TF-IDF before Text Pre-Processing
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Fig. 7. Post-Analysis of Text Pre-Processing using PCA prior to Pre-

processing

The following set of results illustrates the process of pre-

processing through the

different steps

initiated with

lowercasing to stemming. The following figure in Fig 8
implements all the processes and converts the raw data shown
in Fig 4, to be standardized inorder to augment accuracy of

processing.
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Fig. 8. Data Pre-processing using NLKT

In comparison with the previous results, and to further
understand the importance of pre-processing, the feature
extraction techniques of BoW and TF-IDF are implemented
on the pre-processed data, and the results of visualization
implemented through PCA are shown in Fig 9, 10 and 11
respectively.
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Fig. 9. Bag-of-Words (BoW) - Procured from Applying on the Pre-
processed data

979-8-3315-9420-6/25/$31.00 ©2025 IEEE

DOMMHEHOODOOOOANHNNHUWOOODOWOKRODOODOO
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Fig. 11. Text Feature Post Analysis using PCA on the Pre-processed Data

The text representation after pre-processing can be
observed to show improvements interms of uniform
vocabulary initiated with lowercasing, purged stopword and
unwarranted characters, and effective semantic clustering
effectuated from stemming. It can also be further observed
that TF-IDF vectors illustrates more significant patterns of
legal expertise, with more feature emphasis observed in the
language processed data applied after pre-processing.

V. CONCLUSION

Legal text mining is a crucial and most domain which
deals with predictive data, and necessitates aid with respect to
data pattern matching. This research pivots on the importance
of preprocessing and feature extraction in legal document
analysis. Through the application of techniques such as
lowercasing, punctuation removal, stopword removal, and
stemming, legal texts can be standardized and simplified.
Feature extraction methods like BoW and TF-IDF transform
the cleaned text into structured, computationally friendly
formats, facilitating effective machine learning applications.
Algorithmic and simulative accuracy can be further enhanced
with the incorporation of deep learning models embedded
with NLP techniques. Future work can entail advanced
methods such as word embeddings and deep learning models
to capture deeper semantic relationships in legal documents,
thereby accelerating improvised legal data significance and
higher establishment of predictive accuracy.
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