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Abstract. Event-Trace is an Al-based approach that utilizes case descriptions in
order to predict law section classifications based on K-Nearest Neighbors
(KNN), Linear Support Vector Machine (SVM), Decision Tree, Random Forest
and Extra Trees Classifier. These models were chosen because of their ad-
vantage in dealing with large quantities of legal data and diverse feature inter-
dependencies. In classification based on proximity, we have KNN while for the
linear decision boundaries, Linear SVM is the best model. Decision Trees are
easy to interpret, and Random Forest reduces variance and produces more accu-
rate results. But Extra Trees Classifier yields the highest accuracy and training
speed as well as less prone to overfitting. This model surpasses the rest because
it incorporates numerous, randomly chosen features that make the procedure fit
to work on distinctive case narratives. The results demonstrate the benefit of
applying machine learning to enhance the analyzing abilities of legal docu-
ments, providing better predictions of legal section kinds.

Keywords:Al-driven, Law section, Machine learning, Extra Trees Classifier,
Case narratives.

1 Introduction

Introduction of machine learning into legal analysis has become a popular topic in
recent years. Prior to the onset of Al-based tools, the process of classification of cases
and case narratives was done manually by the legal profession, something that could
well take a lot of time and produce results with a relatively high level of error. The
first types of attempts to solve the problem of automating the analysis of legal docu-
ments were quite limited, primarily, search using keywords and purely logical deci-
sion-making based on sets of rules, but such approaches were often not sufficiently
accurate, nor versatile enough to address the challenges posed by legal texts. In course
of time, other machine learning technologies, especially the subset of natural language
processing, provide more efficiency in automating legal classifications and thereby
reducing the error rate which are comparatively high among lawyers.

However, even now some issues come across when completing the analysis of legal
texts through the proposed approach to their classification. Legal documents consist of
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large volumes of text, which are formal, protracted and stylized, where massive reliance
is placed on specialized legal language, therefore rendering traditional models ineffi-
cient in comprehending the text and categorizing it. Current methods for applying ma-
chine learning to the law including coming up with algorithms run into challenges like
overfitting, inability to apply one type of legal case to another, and language complexity
of the legal documents. Moreover, although such models as decision trees and support
vector machines have been used in legal field, they are not always optimal to provide
the highest accuracy in the face of a wide variability of case descriptions and legal
conditions. They all point to the need to come up with better and improved Al solutions
to the problems highlighted above.

The purpose of this paper is to meet these challenges by proposing Event-Trace, an
artificial intelligence-based system derived from legal ontologies and the capability to
employ high level machine learning algorithms leading to predictions of law section
classifications from case narratives. The goal is to find out which of the five algorithms:
K-Nearest Neighbors (KNN), Linear Support Vector Machine (SVM), Decision Tree,
Random Forest, and Extra Trees Classifier works best in dealing with legal texts in
terms of classification accuracy. The concern here is to lead to the model that has opti-
mal accuracy, stability and optimum throughput on real legal data. Finally, the aim is
to prove applied implementation of machine learning as a means of enhancing effi-
ciency in legal documents analysis to give legal practioners a breakthrough tool to en-
hance classification accuracy and time needed for categorizing cases.

2 Related works

Jain et al., [1] suggested a new approach in enhancing the legal document summariza-
tion through the deep clustering approach. Their work showed that methods based on
clustering could improve the quality of summaries, especially in legal ones, by consid-
ering the relationships of sentences. They noted that enhancing cases of contextualiza-
tion at the level of the sentence has the potential of enhancing the precision of the sum-
mary of a given legal document. Their work focuses on identifying the importance of
comprehending the interdependence of legal terms or clauses at play, a paramount fac-
tor in boosting the preprocessing of avenues for summarizing legal texts.

Hou et al., [2] proposed a method for predicting law articles by supplementing their
model with other common element characteristics. The author’s argument also revealed
that using information about similar articles reduces prediction error when, for exam-
ple, considering legal texts for case law application. This method also provided a way
around the problem of how to work with unclear, cutting off or partially complete legal
texts by looking at the comparative features of a range of legal areas. Their work was
useful for the development of better prediction algorithms in the problem area of gross-
ing and identification of law articles and stressed on the problem of feature extraction
in the legal field.

Benedetto et al. [3] extended the knowledge of court judgment prediction by apply-
ing legal entities in the methodology. The research established that through the amal-
gamation of the legal entities that include judges, parties and legal instruments there
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was enhanced determination of the court’s decision. Their work outlined the importance
of improving the available models of explaining the legal decision-making claiming
that these entities can be useful to clarify the background and contribute to the improve-
ment of the judgment predicting models.

Wang et al. [4] developed an improved Bayesian network machine learning tech-
nique to promote the legal recommendation systems. Their framework extended the
existing legal impact analysis mechanisms and applied Bayesian networks to model the
uncertainty of legal advice. The authors described how these systems could be used to
prompt other cases or documents similar to the one that the user is searching, as de-
scribed how useful machine learning can be to the legal profession when doing re-
search.

Sengupta [5] presented an analysis of using machine learning on legislative text for
judicial case reports. The approach used in the study adopted sophisticated techniques
of assessing the texts written by the judiciary in the context of this paper and identifying
which legislative parts relate to the case. This work has focused on the ability of ma-
chine learning to automate legislative processing while at the same time providing a
view of how technology can be used in processing and interpreting legal texts.

Rishu et al. [6] used CNN in combination with SVM for comic genre classification
demonstrating that a number of base machine learning methods can be used inter-
changeably in different domains. While unique to comics, the approach might prove
useful to other contexts such as categorized data that includes documents, and their
textual content identified for classification. It also showed how important the applica-
tion of hybrid models is when it comes to the complications of classifiers.

Wang et al. [7] brought out LegalReasoner, which is a multi-stage framework for
legal judgement prediction, which is based on LLM and knowledge integration. The
authors were able to showcase how the proposed approach should be capable of signif-
icantly enhancing enhanced legal judgment predictions from contextual legal
knowledge and advanced artificial intelligence methods such as natural language pro-
cessing. As depicted from the above-described multi-stage procedure, such approach
was verified to yield more accurate indicator of the court’s decision-making, especially
in complicated legal cases.

Ansari et al. [8] have provided another example of a machine learning model that
predicts the results of law cases and stressed on what such systems can be helpful for
legal practitioners to predict case outcomes using the previous records. The paper also
discussed some of the difficulties observed when using such models and examined the
details of their practical application to legal scenarios.

Bifari et al. [9] used text mining and machine learning to perform crime classifica-
tion with text data in the form of unstructured narratives of court cases. Their work
showed that the approach whereby text mining can be applied in to categorize criminal
cases could be used to improve the analysis of police academic data in a more mecha-
nized manner. Another area which was discussed during the study was the use of un-
structured data and the potential pros and cons which characterize working with this
type of data in legal practice.

Cui et al. [10], they discussed legal judgment prediction including datasets, metrics,
and models used in this field. The authors described and compared various techniques
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and the difficulties for assessing legal outcomes, including data curation and model
explainability. In their study they gave a range of the current approaches of legal judg-
ment prediction which could offer insights into further research of this field.

Senthil Pandi et al. [11] developed a deep learning LSTM and CNN model on a case-
based scenario for the legal judgment prediction. Their work demonstrated how deep
learning could be used to predict legal outcomes while also emphasizing the value of
scenario-based prediction for increasing accuracy. The authors also described the limi-
tations for training deep learning models in the legal area, where data scarcity is a key
issue, and their heterogeneity adds further complications.

Hong and Chang [12] enhanced colloquial case legal judgment prediction with the
help of abstractive text summarization. Their approach was to provide smaller summar-
ies of the legal cases that can be easier on the mind but at the same time keep enough
information to make the right judgement. In the paper, I considered how legal document
summarization can help to ease the understanding of complex legal cases and make
legal judgment prediction models more effective.

Sengupta and Dave [13] use machine learning algorithms taken from judicial case
reports. The works of Saied and Kumar along with others involved using highly refined
Al algorithms to integrate text analysis of legislation documents and employ machine
learning approaches to help predict likely sections of law to include in a given case, a
more efficient way of decoding legal documents and finding corresponding laws to ap-
ply when solving a case. The authors focused on the use of machine learning to improve
the features of legal search tools.

Alcantara Francia et al. [14]. The authors discussed different techniques exploited in
the text mining for the legal field and discussed the prospects and shortcomings of en-
hancing the results of prediction models for legal citation. Their work provided a start-
ing point for appreciating the nature of potential tools for predicting legal decisions.

Chen et al. [15] for law article prediction. Their work discussed some of the issues
raised by the need to train models where little labeled data is available and showed how
transfer learning can be employed to enhance the power of embedding legal attributes
towards the identification of law articles. The authors demonstrated how this technique
can be beneficial, especially in situations which there is limited legal information avail-
able.

3 Proposed Methodology

Fig.1 details a linear process map of text classification tasks when using machine learn-
ing models. This is done by reading the dataset; text pre-processing which is a crucial
step of preparing text data for analysis as described next. Common operations in pre-
processing stage comprises; conversion of text into a numerical form, removal of un-
wanted words such as ‘a’, ‘an’, ‘the’, and normalization where each word is reduced to
its root form. After that, using the Term Frequency-Inverse Document Frequency,
which is the second feature extraction technique, numerical features for classification
are derived from the text. From there, the data set is divided into the training set (80%)
and the test set (20%), this is to make sure that the model being developed can learn
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from one sample of the data exclusively and test it on a different one, thereby eliminat-
ing the chance that the model performs well only on tuned data.

Start

l

Read Dataset

l

Text Pre-Processing

I

Extract TF-IDF Features

]

Train-Test Split 80-20

I

Train Models: KNN, Linear
SVM, Decision Tree, Random
Forest, Extra Trees

I

Precision, Recall, F1-Score,

Accuracy

I

End

Fig. 1. Workflow Methodology

The next process in the pipeline includes earnings of several K-Nearest Neighbors
(KNN), Linear Support Vector Machine (SVM), Decision Tree, Random Forest and
Extra Trees. These models are then assessed with other similar parameters such as Pre-
cision, Recall, F1-Score and Accuracy values. Accuracy gives the total percentage of
instances the model gets right, while Precision, in turn, measures the ability of a model
to correctly identify positive items and Recall determines how a model handles imbal-
anced classes. The F1 Score combines both Precision and Recall, whereas Accuracy
offers the general assessment of the model’s ability to make relevant predictions. There-
fore, following this process one can find models for text classification variables and
make sure they are proper models for real use.
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4 Results Analysis

In this experiment, intended to analyze certain legal sections from the use of select
judicial case narratives through machine learning through the TF-IDF features. As the
source of data for this study, we have post-trial judicial case reports; these are docu-
ments that record the details of a specific trial. Every case report is linked with different
legal sections that explain the legal background of the case, it can be statutory regula-
tions or judicial rulings. The objective of the task was to make these legal sections given
the rest of the narrative.

description

case study

section
o 300
1 300
2 300
3 00
4 300

640 420
641 420
642 420
643 420
644 420

Murder \n¥When culpable homicide is not murder
Murder \n¥When culpable homcide is naot musder
Murder \n¥When culpable homicice is not munder
Murdes \nWhen culpable homscide 15 not munder
Murder \n\When culpable homicide is not murder

Cheating and Dishonestly Inducing Delivery of
Cheating and Dishonestly Inducing Delivery of
Cheating and Dishonestly Inducing Delivery of
Cheating and Dishonesty Inducing Delivery of
Cheating and Dishonestly inducing Delivery of

645 rows = 4 columns

Murder,\nWhen culpable homicide is not murder
Murder,\nVWhen culpable homicide is nol murder
Murder,\nWhen culpable homicide is nol murder
Murder,\nWhen culpable homicide is not murder

Murder,\nWhen culpable homicide is not murder .

Cheating and Dishonestly Inducing Delivery of .
Cheating and Dishonestly Inducing Delvery of
Cheating and Dishonestly Inducing Delivery of ___
Cheating and Dishonestly Inducing Delivery of __
Cheating and Dishonestly Inducing Delivery of

clean

murder culpabl homicid murder person attack as. .

murder culpabl homicid murder individu engag h...

murder culpabl homicid murder group friend inwv.__

murder culpabl homicid murder medic procedur s. ..

murder culpabl homicid murder accident dischar

cheat dishonestli induc deliveri properti indi...

cheat dishonestli induc deliveri properti grou. ..

cheat dishonestli induc deliveri properti frau...

cheat dishonestli induc delivern properti cybe

cheat dishonestl induc deliven properti pers.

Fig. 2. Loading Dataset
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idf values:

aarushi : 6.372187215114492
abandon : 6.0845085142662711
abduct : 32.6421581072935068
abductor : 4.985892853994691
abet : 5.679040034554547
aboard : 6.777652323222656
abus : 4.426277666059178
accept ¢ 5.861361591248501
access @ 5.524889354727288
accessori : 6.777652323222656
accid : 6.372187215114492
accident : 6.372187215114492
accomplic : 5.524889354727288
account : 4.985850146321065
accus : 3.7095993880890394
acid : 4.985892853994601
acquir v B6.777652323222656

Fig. 3. TF-IDF Features

617151520212

Predicted label

Fig. 4. Confusion Matrix KNN
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Liner SVM

Fue label

142 AT B 1525 DA DED TS BB 25 TG TE0R
Predicted label

Fig. 5. Confusion Matrix Linear SVM

Dacision Tree

R

oK

n
i

B RAEE AR

31234561801 T 112 DO A BOA 1123 T35

2T DATSIT TSN
Predicted iabel

Fig. 6. Confusion Matrix Decision Tree



Tue label

Event-Trace: Al-Driven Law Section Predictions from Case ...

Random Forest

45670 NONARAS BATAT BT L YA A T LB AR RIS AP

Pradicted label

Fig. 7. Confusion Matrix Random Forest

ExtraTreesC|

R L3I A 142 P T4 ]
Predicted label

Fig. 8. Confusion Matrix Extra Tree

61



62 J. Patel and B. Prajapati

| df["clean”][e]

‘person attack assail dark alley self defens victim fought back manag disarm attack howev struggl assail kill case argu vict
im self defens protect life homicid classifi murder

names = ["K-Nearest Neighbors™, "Liner SVM",
"Decision Tree", "Random Forest",
"ExtraTreesClassifier"]
for i in range(@,len(names)):
print(names[i])
print(models[i].predict(feature))

K-Nearest Neighbors
['300']

Liner SVM

['300']

Decision Tree
['359']

Random Forest
['300']
ExtraTreesClassifier
['300']

Fig. 9. Section prediction with all models

Table 1. Comparative Analysis

Model ACC P R F1-score
KNN 88% 81% 84% 82%
Linear SVM 91% 86% 89% 87%
Decision Tree 88% 85% 86% 85%
Random Forest 71% 58% 63% 59%
Extra Tree 98% 98% 98% 98%

5 Discussion

The results obtained from the experiment reveal differences in the efficiency of various
machine learning models depending on their capability to process legal text and deter-
mine appropriate legal provisions from legal narratives. In terms of the evaluation met-
rics presented in the results section, it was found that Extra Trees model displayed the
best performance of all the models. Extra Trees achieved a high accuracy, precision,
recall, and F1-score, which clearly showed it is fit for the task of capturing the textual
features to their respective legal sections of the contract.

However, other models including KNN, Linear SVM, Decision Tree, and Random
Forest performed differently according to their empirical results. On the contrary, KNN
provided a reasonably good performance, though a fairly poor precision and taking into
account the recall measurements, KNN fails in the ability to correctly classify all the
relevant legal sections. Extra Trees outperformed Linear SVM by achieving a higher
overall accuracy while Linear SVM had a higher precision and recall rate may be at-
tributed to. It happens because Decision Tree and Random Forest are both considered
to be ensemble methods, which have shown worse results in this case. And this is the
problem with applying these models over real legal texts, which, where there is much
more contextual variance than in most data input used in machine learning. Additional
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performance results shown below indicate that indeed Extra Trees was among the most
effective method for this task but models such as KNN and Decision Trees could per-
form slightly better if perhaps tuned or if more complex features were derived for this
type of data.

6 Conclusion

The empirical investigation supports the hypothesis that employing TF-IDF textual
components can help ML models, especially the Extra Trees model, predict the pertain-
ing legal sections from patches of judicial cases and opinions. Therefore, the study
shows that ensemble methods are more appropriate in dealing with the complexities of
the legal texts than the basic classifiers such as KNN and Decision Trees but particu-
larly Extra tree. Such observations hold considerable implications for the attempts to
design Al-based systems that target to automate specific legal activities, including case
section prediction and analysis of the legal documents. As further work, it may be in-
teresting to see how deep learning techniques like transformers could be used to im-
prove the results of the analysis on legal text. Pushing more complex characteristics
into the models or adding specific expertise in a particular domain may also improve
the usability and reliability of the findings with real-world legal practices too.
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