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Abstract

The development of technology is currently experiencing very rapid progress, especially in the field of
information and communication technology. The impact is so great that technology is considered an
important part of everyday life. This has caused the internet to also experience major changes including
in aspects of communication and information exchange. One example of technological progress is social
media. The increasing number of internet users in Indonesia certainly means that there are also many
social media platforms available and used by internet users to surf on the platform. Twitter (X) is a social
media platform. Twitter (X) has become an effective means of spreading news and other content.
Unwittingly, currently many social media users offen cause various problems such as insults or defamation
which is also known as cyberbullying. For this reason, this study analyzes sentiment with an approach
process to identify and categorize opinions on certain topics or contexts from large data sources. By using
Support Vector Machine (SVM) with the results of the Support Vector Machine method classification
getting an accuracy value of 91%. The precision of the tested data results with the prediction results for
the negative class is 91%, and the recall value used to measure the model's ability to predict negative
data is 100% which shows that the model can detect all negative data perfectly. The results of the
implementation of the sentiment prediction model using the SVM method that has been trained with a
dataset that has positive and negative labeled sentences that can be effectively used to analyze
sentiment in natural language texts for various purposes, such as detecting cyberbullying or analyzing
public opinion.
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1.0 INTRODUCTION

The development of technology is currently experiencing very rapid progress, especially in the field of
information and communication technology. The impact is so great that technology is considered an important
part of everyday life. This has caused the internet to also experience major changes including in aspects of
communication and information exchange.

The Indonesian Internet Service Providers Association (APJIl) in February 2024 reported that the
penetration rate of internet users in Indonesia in 2024 increased from 78.19% to 79.05% (apjii.or.id, 2024). In early
2024, internet users in Indonesia were reported to have reached 221.5 million people or to be precise 221,563,479
people (Fakra, 2024). Of that number, Generation Z (born 1997-2012, aged 12-27 years) is the age group that is
most dominantly connected to the internet (Pebriyani, 2024). Internet users have increased from year to year,
from 2018 the number of internet users as many as 106 million has increased to June 2024 at 185 million. It can
be seen that the comparison of internet users with the population of Indonesia has also increased from 2018 by
40% to June 2024 by 66%. Many experts have stated that the most popular and most widely used social media
platforms are Twitter (X), Facebook, Instagram, and various other internet-based applications (Harahap & Adeni,
2020).
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In this context, the popularity of Twitter (X) among Generation Z is increasing 30% faster than Instagram (Gembala,
2024). Twitter (X) is a social media platform that allows users to do microblogging, which is writing short blogs in
one paragraph with a maximum of 280 characters, because the number of characters in one tweet is limited
(Khaira et al., 2020). With the number of users continuing to grow, Twitter (X) has become an effective means of
spreading news and other content quickly (Hassolthine et al., 2023). Unwittingly, currently many social media
users often cause various problems such as insults or defamation which is also known as cyberbullying.

Cyberbullying is a violent act carried out by individuals or groups through digital devices, which is carried out
repeatedly against someone so that it makes it difficult for the victim to defend themselves (Dwipayana et al.,
2020).

Based on the results of a survey from Ditch The Label, cyberbullying has a negative impact on mental health,
including depression, eating disorders, antisocial behavior, psychosomatic symptoms and has the potential to
cause victims to attempt suicide. One example of a cyberbullying case that occurred in Indonesia is the bullying
experienced by a vocational high school student with the initials LNAS on TikTok social media in 2023. This case
attracted public attention because it had a serious impact on the victim, such as loss of self-confidence and loss of
courage to communicate with others (lkhsanudin, 2023). Therefore, it is important to understand how
cyberbullying affects a person's mental health.

Sentiment analysis is an approach process to identify and categorize opinions on a particular topic or context
from large data sources (Bordoloi & Biswas, 2023). Sentiment analysis or what is often referred to as opinion
mining is a branch of text classification that covers broad fields such as natural language processing, computational
linguistics, and text mining related to analyzing a person's opinions, behaviors, and emotions towards objects such
as events, individuals or certain topics (Betesda, 2020). Sentiment analysis can identify whether a text contains
positive, negative, or neutral opinions.

Research on sentiment analysis has been widely applied and developed in several research methods such as
Support Vector Machine (SVM), Naive Bayes Classifier, Decision Tree and so on (Patel et al., 2022). The Support
Vector Machine (SVM) method is a directed learning technique used to analyze data, identify patterns, and is
applied in classification and regression analysis (Hakim & Kinasih, 2024).

Several studies related to cyberbullying sentiment analysis, including those implemented by Fajar Agus Maulana
and lin Ernawati in 2020 entitled cyberbullying sentiment analysis on the Twitter social media network with the
Naive Bayes algorithm by conducting real-time data testing on May 12, 2020 at 01.00 WIB obtained an accuracy
value of 76%. This method is effective in classifying positive and negative tweets. However, during testing, the
ability to detect tweets containing cyberbullying elements was still less than optimal because there were still
tweets without cyberbullying elements in the training data that were labeled negative (Maulana & Ernawati, 2020).

In 2019, Rafli Muhammad Kamal and Ednawati Rainarli also conducted research related to cyberbullying
sentiment analysis entitled cyberbullying sentiment analysis on Facebook comments using the Support Vector
Machine classification method. The accuracy test of this study was carried out 2 times. Where Test | uses 100
training data and 100 test data and Test Il uses 100 training data and 50 test data from Facebook user comments.
The results of the accuracy test carried out show that SVM can have a fairly high percentage level in the case of
sentiment analysis, reaching 96% using the RBF kernel function (Kamal & Rainarli, 2019).

From various research references that have been carried out, the Support Vector Machine method is one of the
method choices that the author will use in sentiment analysis. This is the author's topic to provide a solution to
cyberbullying that occurs on the Twitter (X) social media platform.

2.0 LITERATURE REVIEW

Sentiment Analysis

Sentiment analysis also known as opinion mining is a branch of science that analyzes opinions, sentiments, and
emotions expressed in text. In the context of social media, sentiment analysis helps identify the polarity
(positive/negative) of content shared by users. The process involves Text data collection, Data preprocessing,
Feature extraction, Sentiment classification, and Evaluation of results.

Social Media Twitter (X)

Twitter, which officially changed its name to X in 2023, is one of the most popular social media in Indonesia. This
platform is based on a microblog with a limit of 280 characters, allowing for the rapid and interactive dissemination
of information without friendship limits. X is also a space for emotional expression, including an outlet for
individuals with less stable mental conditions, as well as a place to convey opinions through certain hashtags or
keywords.

Cyberbullying
Cyberbullying is a form of online bullying carried out through social media with the aim of repeatedly harming
others (Kurniawan et al., 2024; Adnan et al., 2024). Even without physical contact, this behavior leaves digital
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traces such as messages or recordings that can be used as evidence (Laora & Sanjaya, 2021). The impact is very
serious on the victim's mental health, including depression, anxiety, and the risk of suicide.

According to Willard (2007), forms of cyberbullying include: flaming (anger), harassment (repeated harassment),
denigration (defamation), cyberstalking (digital stalking), impersonation (imitation), trickery (fraud to obtain
secrets), outing (spreading secrets), and exclusion (exclusion).

Legally, cyberbullying is regulated in Law No. 11 of 2008 concerning ITE which has been amended twice, most
recently by Law No. 1 of 2024. Article 29 states that victims include those who suffer physical, mental, and
economic losses due to criminal acts, including digital bullying. However, this regulation is still limited because it
only accommodates threats of violence or intimidation. Several other articles such as Articles 27, 27A, 28(2), and
Criminal Code Articles 310 and 311 are also relevant in dealing with cyberbullying. Although the Criminal Code and
the ITE Law are the legal basis, victim protection is still weak. The Witness and Victim Protection Law (PSK Law)
does not explicitly guarantee the rights of cyberbullying victims to medical assistance and psychological
rehabilitation (Hikmawati, 2024).

Text Preprocessing

Text preprocessing plays an important role in sentiment analysis because it aims to transform unstructured text
data into a structured format using natural language processing (NLP) (Karo et al., 2022). This process is important
for cleaning and preparing data so that it can be analyzed by machine learning models. Text data such as emails,
newspapers, and web pages are generally unstructured, so they need to be processed into semi-structured data
to detect patterns, trends, and relationships. Preprocessing in text classification generally consists of four main
stages: (1) Cleaning/filtering, which removes irrelevant symbols, numbers, URLs, and duplicate words (Sugiarta et
al., 2023); (2) Tokenization, which breaks text into basic word pieces or tokens (Surbakti et al., 2021); (3) Stopword
removal, which removes common words that do not have significant meaning such as "yang" and "dari" (Jollyta et
al., 2023); and (4) Casefolding, which is changing all letters to lower case to match the text format (Jollyta et al.,
2023).

Support Vector Machine (SVM) Method
Support Vector Machine (SVM) is a machine learning algorithm used in classification and regression, with good
generalization performance, even on small datasets (Nasien et al., 2023). Support Vector Machine (SVM) works
by constructing a hyperplane or set of hyperplanes in a high- or infinite-dimensional space, which can be used for
classification (Afrianty et al., 2022). The data closest to the hyperplane is called the support vector, which
determines the optimal margin between the classes (Muslim et al., 2019). The main idea of SVM is to construct a
hyperplane as the decision surface in such a way that the margin of separation between positive and negative
examples is maximized (Nasien et al., 2010). SVM can handle both linear and non-linear data by using kernel
functions, which map the data to a higher-dimensional space so that it can be separated. Some commonly used
kernels include:
1. Linear Kernel
K(X1, Xz) = X1TX2
2. Polynomial Kernel
K{x1, x2) = (yxa"%2 + r)*p, y >0
3. Radial Basis Function (RBF)
K(x1, x2) = exp(—v [ [x1 = x2|[?),y >0
4. Sigmoid Kernel
K(x1, X2) = tanh(yxi"xa + r), y >0
The SVM model is built based on the principle of structural risk minimization and can be formulated
mathematically with the approach Lagrangian, which produces a decision boundary. The basic equation of the
hyperplane is:
wx+b=0
with w as the weight vector and b as the bias.
With the flexibility in choosing the kernel, SVM is very effective for text classification, including in the context of
sentiment analysis and cyberbullying detection.
Term Frequency-Inverse Document Frequency (TF-IDF) weighting
Term Frequency—Inverse Document Frequency (TF-IDF) is a word weighting method used in text analysis to assess
the importance of a word (term) in a document to a collection of documents (corpus). This method combines two
main components: Term Frequency (TF) and Inverse Document Frequency (IDF).
1. Term Frequency (TF)
TF measures the frequency of occurrence of a term t in document d. The more often the term appears,
the greater its weight.
2. Inverse Document Frequency (IDF)
IDF is used to reduce the weight of terms that are too general. Terms that appear in many documents are
considered less informative.
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3. TF-IDF Calculation
The final TF-IDF value is the result of multiplying the TF and IDF weights.
The TF-IDF method is effective in highlighting important words in documents and reducing the influence of
common words, making it very relevant for text classification applications such as sentiment analysis.

Matrix Evaluation

Confusion Matrix is an evaluation method used to assess the performance of a classification model by presenting
the prediction results in the form of a matrix table. This matrix compares the actual labels and predicted labels, so
that it can provide a comprehensive picture of the model's performance (Maulina Putri et al., 2023).

Relying too much on a single metric such as accuracy can be misleading, especially on imbalanced data. Therefore,
it is important to use various other evaluation metrics derived from the confusion matrix.

Table 1 Classification in Confusion Matrix

Actual Value
Positive Negative
' Positive True Positive (TP) False Positive (FP)
Predicted Value Negative False Negative (FN) True Negative (TN)

Evaluation Metrics of Confusion Matrix
1. Accuracy
Proportion of correct predictions compared to the total number of predictions
2. Precision
Proportion of correct positive predictions. Precision value is also known as confidence, which is the
proportion of the number of cases predicted positive that are also true positives in the actual data.
3. Recall (Sensitivity)
Proportion that measures positive instances that are actually classified as positive.
4. Specificity
Proportion that measures negative instances that are actually classified as negative.
5. F1-Score
Proportion that measures the combination of precision and recall. This metric is useful for considering both
metrics simultaneously and F1-Score provides a single measure that reflects the balance between the two.

3.0 METHODOLOGY
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Figure 1. Research Framework
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Research Stages
Research Stages are a method approach used in solving the problems studied. In this study, the author uses the
SVM (Support Vector Machine) method. Data in the d-dimensional input space is denoted by x_i eR*d, while the
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class label is denoted by y_i€ {-1,+1} fori=1, 2,....,n. Where n is the amount of data. To find the values of x_i and
y_i can be done when the value of each word (term) from the tf-idf weighting and the tweet label from the
annotator has been obtained. The results of the tf-id weighting are converted into the svm light data format, while
the labeling results from the annotator become SVM data labels. the first stage is to input the dataset in csv format
where the data from this study is in the form of cyberbullying data totaling 1000 data. The data comes from the
crawling process on twitter and the selection of training data and test data is done randomly. The second stage is
the data normalization process which aims to ensure that the data is in a consistent and relevant format for use
in sentiment analysis. After the data is normalized, the next stage is Support Vector Machine (SVM) training, where
the model is trained using the processed training data to recognize patterns related to cyberbullying sentiment.
Furthermore, the testing stage is carried out on the test data to evaluate the performance of the model. At this
stage, the model is tested to measure its accuracy in classifying data based on positive and negative sentiment.
Finally, the classification results from the SVM model are displayed, providing output in the form of sentiment
predictions on the tweet data used in this study.

Data Collection

The data collected for this study is used as information that supports the research process. Matters related to the

data collection process are as follows:

1. Literature Study
Literature study is carried out by collecting and studying books, articles, and scientific journals of previous
research related to the writing of this research, namely Support Vector Machine (SVM), the application of the
Python programming language in sentiment analysis. Journals, e-books, and official websites as references in
writing this research.

2. Load Twitter Data
This stage is the process of collecting Twitter text data related to cyberbullying. Twitter provides an Application
Programming Interface Key (API) that allows programmatic access to the Twitter platform, but with limitations
on the amount of data that can be retrieved. To collect data, the author uses Tweet Harvest, which allows
users to collect more data and can be run in the form of a Command Line Interface (CLI) and only requires an
auth_token. The author also uses one of the popular Python libraries and is used to access the Twitter API,
namely Tweepy. Tweepy allows the author to automatically retrieve tweet data based on certain keywords,
including tweets containing keywords related to cyberbullying. In data collection, a maximum of 500 relevant
tweets were collected in Comma Separated Values (CSV) format, with tweets using Indonesian taken within
the last 7 days since data collection. The Tweepy Library also allows authors to filter tweets based on language,
time, and specific keywords, so that the data collected is more in line with research needs.

Preprocessing Data
This stage is the preprocessing process, the stage of processing raw data (dirty data) so that it is ready to be
processed in the testing stage. This stage is carried out to eliminate noise and speed up analysis time, so that the
analysis results obtained are more accurate.
The following is an explanation of the stages in carrying out preprocessing:
1. Cleaning, is the stage of cleaning text from components that are considered meaningless for sentiment
analysis such as punctuation, characters or symbols, numbers, emojis and URL links.
2. Tokenizing, is the stage of separating text sentences into word pieces according to the spaces in the text.
3. Stopword Removal, is the process of selecting or filtering words in text that have no meaning such as
conjunctions, adverbs and so on, which are not needed in data modeling
After preprocessing the data, the next step is data visualization to understand the word patterns that frequently
appear in the dataset.

Data Testing
After the data is processed and sentiment analysis is performed, the next stage is testing. This testing is an
important step to ensure that the sentiment analysis model built functions properly and is in accordance with the
research objectives. In testing the Twitter sentiment analysis system, there are several accuracy testing models
used to calculate the value, namely:

1. Precision is a metric that measures how accurate the model is in predicting the positive class and

calculates the percentage of all positive predictions that actually contain cyberbullying.
TP

TP + FP
TP: True Positive (correct prediction for the positive class).

Precision =
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FP: False Positive (incorrect prediction for the positive class).
2. Recall is a metric that measures how well the model finds all the positive cases that are actually in the
dataset and calculates the percentage of all positive data that is successfully classified correctly.
TP
TP+ FN
TP: True Positive (correct prediction for the positive class).
FN: False Negative (incorrect prediction for the negative class).
3. F-Measure (F1-Score) is a metric that combines precision and recall to provide a more balanced picture
of model performance. F1-Score is calculated as the harmonic mean of precision and recall, thus

providing a single number that reflects the balance between the two.
Precision X Recall

Recall =

F1-S =2 X
core Precision + Recall

In addition, testing is also carried out using cross-validation, which is an additional method in data mining
techniques to obtain optimal accuracy of results. This method is often known as k-fold cross validation, where
testing is carried out k times on one model with the same parameters. After the validation process, the next step
is to analyze the model's performance using a confusion matrix.

Analysis of Results

The final stage of this research involves analyzing the results of the sentiment analysis that has been carried out
using the Support Vector Machine (SVM) method. The evaluation was carried out using a confusion matrix, which
provides a detailed picture of the model's performance in classification. The confusion matrix allows the
measurement of various evaluation metrics such as accuracy, precision, recall, and F1-Score, and helps in
understanding the strengths and weaknesses of the SVM model in identifying and classifying tweets accurately.
By analyzing these results, the study can assess the effectiveness of the SYM method in sentiment analysis and
ensure that the model can detect tweets with high accuracy. The author uses the Support Vector Machine (SVM)
algorithm for classification by collecting data through the Crawling technique using the keywords "Bodoh", "Cupu"
and "Jelek". This study analyzed 500 data using Python through Google Collaboratory. Based on the results of the
analysis, it can be concluded that sentiment analysis of tweets related to cyberbullying can be carried out
effectively using the Support Vector Machine (SVM) method.

1. TF-IDF calculation
Table 2 Manual calculation of TF-IDF

TF IDF(log
TERM D1 D2 D3 D4 D5 df D/df D/df)

main 1 0 0 1 0 2 2,5 0,39794
tangan 1 0 0 0 0 1 5 0,69897
jelek 1 0 1 0 0 2 2,5 0,39794
cupu 1 0 0 1 0 2 2,5 0,39794
bodoh 0 1 0 0 1 2 2,5 0,39794
lupa 0 1 0 0 0 1 5 0,69897
simpan 0 1 0 0 0 1 5 0,69897
kerja 0 1 0 0 0 1 5 0,69897
ketawa 0 1 0 0 0 1 5 0,69897
nyetrika 0 0 1 0 0 1 5 0,69897
hasil 0 0 1 0 0 1 5 0,69897
usaha 0 0 1 0 0 1 5 0,69897
sendiri 0 0 1 0 0 1 5 0,69897
parah 0 0 0 1 0 1 5 0,69897
mending 0 0 0 1 1 2 2,5 0,39794
hapus 0 0 0 1 0 1 5 0,69897
mati 0 0 0 0 1 1 5 0,69897

2. Confusion Matrix
Labeling the sentiment as positive or negative, this dataset is all negative sentiment.
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Table 3 Sentiment labeling

Teks Label Asli Prediksi
waduhh main tangann jelek banget pasti orangnya Negatif Negatif
nih cupuuu
@tejoholy lagi jelek semua klo film bioskop mah Negatif Negatif
@93bubbletea Di mata mama dan di mata orang2 Positif Positif

yg mengenal kamu dengan baik. Cantik tidak hanya
berasal dari wajah...

@depotcepot nyari celengan gini di mana ya? Positif Positif
terakhir punya celengan kucing tapi jelek
bikinannya. ini mah cakep.

Bodoh banget sih mending mati aja luuu Negatif Negatif

Since all predictions match the labels, the True Positive (TP) value is 2, and True Negative (TN) is 3, there are no
False Positive (FP) or False Negative (FN).
3. Calculating Evaluation Metrics
Accuracy:
Accuracy= (TP+TN)/(TP+TN+FP+FN)=(2+3)/(2+3+0+0)=5/5=1
So, Accuracy = 1 (100%)

Precision:
Precision=TP/(TP+FP)=2/(2+0)=2/2=1
Because there is no False Positive (FP), then Precision = 1.

Recall:
Recall=TP/(TP+FN)=2/(2+0)=2/2=1
Because there is no False Negative (FN), then Recall = 1.

F-1 Score:

F1-Score=2 x(Precision xRecall)/(Precision+Recall)=0

F1-Score=2 x(1 x1)/(1+1)=2/2=1

So, F1-Score =1.
Because there is data with positive labels that are successfully predicted correctly, then the precision, recall, and
F1-Score are 1, not 0. These results indicate that the model is able to perfectly classify data on the dataset used.

4.0 RESULTS AND DISCUSSION

Crawling Data

In this study, the data used came from Twitter (x) with the specified keywords, namely "Bodoh", "Cupu"
and "Jelek". The total data taken during the specified period was 500 tweets. In crawling this data, the researcher
used the Python programming language supported by the pandas library to store and process the collected data
in the form of csv format files.

Preprocessing Data
At this stage, the dataset is processed in Google Collab using the Python programming language. This
process aims to help machine learning in identifying patterns, thereby increasing the speed of the machine in
learning the data set. Here are the stages of Data Preprocessing:
1. Cleaning Data
This process aims to clean text data from inaccurate, damaged, or inappropriate format elements
such as mentions, symbols, emoticons, and eliminate duplicate data.
2. Case Folding
This stage aims to change all text to lowercase to equalize the characters in the dataset.
3. Word Normalization
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This process aims to change text into a uniform or standard form and replace non-standard text into
standard words by using a dictionary of words that have been obtained so that it is easier to learn
and recognize patterns.

4. Tokenization
This stage aims to break the text into small units called tokens. Tokenization is important because it
can calculate word frequencies and manage more structured data for sentiment analysis.

5. Filtering / Stopword Removal
This process is the stage of removing irrelevant words in a sentence based on a stopword list. The
Stopword Removal process in this study was carried out using a lookup-based filtering approach.
Examples of irrelevant words such as conjunctions, pronouns and words that often appear but have
no meaning.

6. Stemming Data
This process is a necessary step to reduce the number of different indexes of one data so that a raw
word becomes a structured format for data processing.

7. Wordcloud
Wordcloud is a visualization of the results of pre-processing that has been done with the aim of
finding out words that often appear in the dataset. Words that appear in the wordcloud are limited
to only 1000 words based on the frequency of the most words appearing. The following is an image
of the visualization of the wordcloud dataset.
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Figure 2 Wordcloud visualization

8. Labeling dataset
The last stage is to label manually. This labeling aims to determine the data that will be labeled
positive and negative. Then it will be used in data testing. This process ensures that the data is correct
and prepared so that testing can be carried out on the dataset.

9. Data Testing
The last stage is to label manually. This labeling aims to determine the data that will be labeled
positive and negative. Then it will be used in data testing. This process ensures that the data is correct
and prepared so that testing can be carried out on the dataset. After the dataset division was done,
the results obtained were 468 training data and 117 test data. Next, verify the results of the data
division to ensure the data is separated with a balanced proportion. The next stage is to perform
classification using the Support Vector Machine algorithm which begins by converting the pre-
processed text data into a numeric representation using the TF-IDF Vectorizer method. Furthermore,
the SVM method is initialized with a linear kernel and trained using training data that has been
converted into a numeric representation with labels that are categorized as positive or negative.
Furthermore, predicting test data against sentiment labels by calculating accuracy and determining
a confusion matrix that shows the number of correct or incorrect predictions in each sentiment
category.

System Implementation

In the implementation of the system will describe the process of analyzing cyberbullying sentiment on
tweet comments with the Support Vector Machine classification method. In conducting sentiment analysis, it is
necessary to go through several stages, namely the text Pre-processing stage which is continued with word
weighting until the data classification process. In this Pre-processing stage, several sub-processes are carried out,
namely casefolding, data cleaning, language normalization, stopword removal, stemming, and tokenization. The
results of the Pre-processing stage will enter the TF-IDF calculation stage, then run the classification process with
the Support Vector Machine method, where the data will be processed and classified as positive cyberbullying or
negative cyberbullying comments.
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3% Hasil Prediksi dari komentar: positif

Figure 3 Implementation Results

It can be seen that when the sentence "really cool" is entered into the model, the prediction result is positive. This
shows that the model has successfully identified sentences that contain positive meanings based on words such
as "really cool". Conversely, if the sentence entered has a negative meaning, such as "really bad", the model will
produce negative sentiment. This process explains how the model can analyze and classify sentiments based on
keywords and patterns that have been learned, whether positive or negative. The results of this implementation
show that the model can effectively perform sentiment analysis on natural language texts, and can be used for
various purposes, such as detecting cyberbullying or analyzing public opinion.

5.0 CONCLUSION

Based on the results of the research and discussion that has been carried out, it can be concluded that the
Support Vector Machine (SVM) model used for cyberbullying sentiment analysis shows very good performance.
This model managed to achieve an accuracy of 91% in classifying tweets containing cyberbullying. In addition, the
precision value for the negative class reached 91%, indicating the model's ability to identify cyberbullying with a
high level of accuracy. The recall value of 100% for negative data also indicates that the model is able to detect all
cases of cyberbullying in the dataset without missing any. The consistency of model performance is also seen in k-
fold cross-validation, with an average accuracy of 90.60%.

The effectiveness of data preprocessing also plays an important role in achieving these results. The process
of normalization and data cleaning, such as removing stopwords and stemming, helps reduce noise in the dataset,
resulting in cleaner and more relevant data for analysis. The use of the TF-IDF method in word weighting has also
proven successful in optimizing the feature extraction process, which contributes to improving model
performance.

In terms of practical implementation, this model has great potential to be used in detecting cyberbullying
in real-time. The system built is able to identify various forms of cyberbullying in Indonesian, so it can be an
effective tool for monitoring activities on social media. With promising performance, this model can be integrated
into a social media monitoring system to support efforts to prevent and handle cyberbullying cases more
proactively.
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