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Abstract

Sentiment analysis of Mobile Legends: Bang Bang (MLBB) user reviews is very important for understanding public satisfaction and
perspectives. Therefore, this study aims to analyze and compare the performance of three Machine Learning algorithms: Naive Bayes (NB),
K-Nearest Neighbors (KNN), and Support Vector Machine (SVM) in classifying user review sentiments. A supervised machine learning
approach was applied using 6,000 reviews obtained from a secondary Kaggle dataset, involving Data Preprocessing and Feature Extraction
(TF-IDF) stages, followed by an 80:20 Data Split for model training. The comparison of metric results shows that the Support Vector
Machine (SVM) model provides the best overall performance, achieving 79.88% Accuracy and 78.06% F1-Score, although NB slightly
outperforms in the Precision metric. In conclusion, SVM's performance proves this algorithm is superior in classifying Indonesian-language
mobile game review sentiments, providing strategic insights for MLBB developers in making service improvement decisions.
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1. Introduction

Mobile Legends: Bang Bang (MLBB) is a highly popular Multiplayer Online Battle Arena (MOBA) game in Indonesia, attracting millions
of active users. This popularity generates a large volume of reviews on the Google Play Store, which serves as a direct reflection of user
experience and satisfaction[1] . Therefore, sentiment analysis of user reviews is very important for developers to understand public
perspectives and as a basis for service improvement. Given the large amount of review data, an automated approach based on Machine
Learning is essential for interpreting sentiments accurately and quickly[2]. This study uses and compares Naive Bayes (NB), K-Nearest
Neighbors (KNN), and Support Vector Machine (SVM) algorithms to classify user sentiments. The results of this analysis are expected to
provide strategic input for MLBB developers in improving application and service quality[3], [4].

The Research Problems in this study are as follows:

1. How are user review sentiments of the Mobile Legends game on Google Play Store classified into positive, negative, and neutral
categories?

2.  How do the performances of Naive Bayes, K-Nearest Neighbors, and Support Vector Machine algorithms compare in classifying
Mobile Legends user review sentiments?

The Research Objectives are:

1. To analyze and classify user sentiments toward the Mobile Legends: Bang Bang application based on reviews on the Google Play
Store.

2. To compare the performance of Naive Bayes, K-Nearest Neighbors, and Support Vector Machine algorithms in sentiment
classification using model performance metrics.

This research has scientific significance in the form of contributions to knowledge development in sentiment analysis, particularly the
application of comparing three Machine Learning models on Indonesian-language mobile game review data[5], [6]. Additionally, this
research provides practical insights for game developers in utilizing sentiment analysis results to make appropriate improvement decisions.
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2. Literature Review

2.1. Sentiment Analysis

Sentiment Analysis is a technique in the field of Natural Language Processing (NLP) whose function is to identify and categorize views or
emotional expressions conveyed by users regarding an entity, such as a product, service, or game[7]. In this research, sentiment analysis
aims to categorize Mobile Legends user reviews into positive, negative, or neutral sentiment categories. Previous research involving a
comparison between Naive Bayes, Support Vector Machine (SVM), and Random Forest algorithms on sentiment analysis of Ajaib
application reviews showed that all three models have competitive classification capabilities. Performance evaluation of these models
yielded accuracy in the range of 85% for Random Forest and Naive Bayes, while the SVM model recorded 83% accuracy|[8].

2.2. Text Classification

Text classification is the process of grouping documents into categories based on their content. In sentiment analysis, this classification
determines the polarity of opinions (positive, negative, or neutral)[9]. This research follows a structured workflow, starting from secondary
Data Collection from Kaggle and Data Exploration. The process continues with Text Preprocessing to clean and prepare the text, including
Case Folding, Text Cleaning, Tokenization, Stopword Removal, and Stemming[10]. The prepared data then goes through Feature
Extraction using Count-Vectorizer and TF-IDF Weighting, followed by Data Splitting (80% training, 20% testing). The main process is
Algorithm Model Classification using three machine learning models: Naive Bayes (NB), Support Vector Machine (SVM), and K-Nearest
Neighbors (KNN), to analyze public sentiment. The entire process concludes with Model Evaluation and Comparison using a Confusion
Matrix. These data preparation and feature extraction stages have a significant influence on improving the final results of the classification
model.

2.3. Naive Bayes Algorithm

Naive Bayes (NB) is an algorithm often utilized to predict outcomes or calculate the probability of an event. In sentiment analysis, this
algorithm operates based on the fundamental assumption that the occurrence of a word is not influenced by the occurrence of other words
in the review, or in other words, the words are considered mutually independent of one another[11]. In this research, Naive Bayes is used
to build a classification model tasked with determining and categorizing the sentiment (positive, negative, or neutral) contained in Mobile
Legends user reviews.

2.4. K-Nearest Neighbors Algorithm

K-Nearest Neighbors (KNN) is an algorithm that classifies user reviews based on proximity to existing training data[12]. In this research,
after Mobile Legends review data is processed and transformed into numerical representation using Count-Vectorizer and TF-IDF, KNN
will calculate the distance between reviews in that feature space. New reviews (test data) are then classified as Positive, Negative, or
Neutral sentiment based on the polarity most commonly possessed by the Knearest reviews. This algorithm serves as one of the main
comparison models to determine the performance of sentiment classification for Indonesian-language mobile game reviews[13].

2.5. Support Vector Machine Algorithm

Support Vector Machine (SVM) is a classification model that works by finding the optimal hyperplane, which is a separating plane with
the largest margin, to separate data classes[14]. In the context of this sentiment research, SVM will construct boundaries between reviews
labeled as Positive, Negative, and Neutral in the high-dimensional feature vector space generated from TF-IDF. The advantage of SVM
lies in its ability to reliably handle data with many features (such as text data), so this model is expected to provide strong sentiment
classification results and will be carefully compared with Naive Bayes and KNN[15].

2.6. Mobile Legends: Bang Bang App

Mobile Legends: Bang Bang (MLBB) is a Multiplayer Online Battle Arena (MOBA) genre game that is highly popular and has millions
of active users in Indonesia. MLBB's popularity among smartphone users generates a very large volume of reviews on the Google Play
Store. These reviews are a direct reflection of public experience and satisfaction with the quality of the game and services provided.
Therefore, MLBB user reviews on the Google Play Store serve as the primary data source in this research, whose sentiment will be analyzed
using Support Vector Machine (SVM), Naive Bayes, and K-Nearest Neighbors (KNN) algorithms to provide strategic insights to
developers.
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Fig 1: Mobile Legends: Bang Bang (MLBB) App display on Google Play Store
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2.7. User Reviews as a Source

Reviews left by users on application distribution platforms, such as the Google Play Store, are a very important data source and are
frequently utilized in research to assess the quality and acceptance level of an application[16]. This review data provides authentic and
spontaneous insights from users regarding features, usability aspects, and various problems they experience while using the application.
Thus, these reviews serve as the primary material in this research to conduct sentiment analysis on the Mobile Legends: Bang Bang game.

3. Research Methods

This research applies a supervised machine learning approach with a text classification method that aims to categorize sentiments of Mobile
Legends: Bang Bang user reviews obtained from the Google Play Store into positive, negative, and neutral categories. The research process
begins with Data Collection, followed by Data Exploration to understand its characteristics. The data then goes through Data Preprocessing
for cleaning and Feature Extraction to transform text into numerical representations ready for processing[17]. After that, Data Splitting
(Train-Test Split) is performed into training and testing data. The next stage is Algorithm Model Classification, where training is conducted
using three main algorithms: Naive Bayes (NB), K-Nearest Neighbors (KNN), and Support Vector Machine (SVM). The performance of
these three models is then assessed through Model Evaluation and Comparison, and the entire research sequence concludes with the
formulation of Conclusions.

3.1. Naive Bayes Algorithm

Naive Bayes is a popular algorithm in machine learning, developed based on Bayes' Theorem. This algorithm is a simple probabilistic
technique that has the fundamental assumption that each feature affecting the class value is independent (not interrelated) of one another.
The characteristic of this method is a simple Bayesian network that assumes each attribute can be treated separately and does not influence
each other. With an easily understood probability approach, Naive Bayes is capable of performing classification by calculating the
probability of occurrence of an event based on the independent condition of each of its attributes[18].

P(y | x) P(x)

PO) o

P(x|y)=

with the description:

Table 1: Description of Notations in the Naive Bayes Algorithm

y: kelas atau kategori yang ingin diprediksi atau diklasifikasikan (misalnya: Positif, Negatif).

X: bukti atau fitur yang diamati dari data (misalnya: kata-kata dalam sebuah ulasan).

Px|y): Disebut Likelihood. Ini adalah probabilitas untuk melihat bukti x, jika diketahui kelasnya adalah y.

P(y | %) : Disebut Peluang Posterior. Ini adalah probabilitas yang ingin dicari: probabilitas bahwa data tersebut termasuk kelas y, setelah bukti x
’ diamati. Inilah hasil prediksi klasifikasi.

Disebut Peluang Bukti. Ini adalah probabilitas untuk melihat bukti x secara keseluruhan. Nilai ini berfungsi sebagai normalisasi dalam

P rumus.

3.2. K-Nearest Neighbors Algorithm

K-Nearest Neighbors (KNN) is a supervised learning algorithm that works based on the principle of similarity between data. This algorithm
classifies new data by examining a certain number of k nearest data points in the training dataset, then determines the class based on the
majority of those nearest neighbors. KNN is a lazy learner because it does not require a complex model training process; calculations are
performed during prediction by measuring the distance between data, usually using Euclidean distance or Cosine similarity. In text analysis,
KNN uses vector representations such as TF-IDF to measure similarity between documents or comments[19].

D(x;,y:) = 2

with the description:

Table 2: Description of Notations in the K-Nearest Neighbors Algorithm

nilai jarak atau ketidakmiripan antara dua titik data, yaitu titik data x dan titik data y. Semakin kecil nilainya, semakin mirip kedua data
tersebut.

sebuah titik data dari set data yang sudah ada dan telah diketahui labelnya (data latih). Dalam konteks KNN, x adalah salah satu
"tetangga" yang akan dibandingkan.

yi: sebuah titik data baru yang labelnya belum diketahui (data uji). Ini adalah data yang akan diklasifikasikan.

indeks yang digunakan untuk mengakses fitur atau dimensi tertentu dari data. Jika data teks diubah menjadi vektor, i menunjuk ke fitur
ke-i (misalnya, bobot TF-IDF dari kata ke-i).

total jumlah fitur atau dimensi yang dimiliki oleh data x dan y. Dalam klasifikasi teks dengan Count-Vectorizer atau TF-IDF, n adalah
jumlah total kata unik dalam kamus (vocabulary size).

D(x;, yi) :

Xj -

i:

n:

3.3. Support Vector Machine Algorithm

Support Vector Machine (SVM) is a supervised learning technique that is highly favored in machine learning due to its high level of
accuracy and quality. SVM is a popular algorithm for classification, with the main capability of identifying a hyperplane that optimally
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separates different classes. The SVM implementation process requires sequential training and testing stages, starting with converting text
data into vector form and using the TF-IDF method for weighting. This algorithm forms a classification model using training data and can
predict classes for new data that have never existed before[20].

ns

f(xa) = Z a;yix, X4 + b 3)
i=
with the description:

Table 3: Description of Notations in the Support Vector Machine Algorithm

s total jumlah support vector yang ditemukan selama proses pelatihan model SVM. Support vector adalah titik-titik data (ulasan) dari kelas
yang berbeda yang berada paling dekat dengan hyperplane pemisah. Jumlah ns seringkali jauh lebih kecil dari total data latih.
ai koefisien pengali Lagrange atau nilai bobot yang terkait dengan setiap support vector ke-i. Nilai a; menunjukkan seberapa besar pengaruh
support vector tersebut terhadap posisi dan orientasi hyperplane. Hanya support vector yang memiliki a; > 0.
. label kelas dari support vector ke-i. Dalam analisis sentimen, ini biasanya adalah polaritas sentimen (+1 untuk Positif, -1 untuk Negatif, atau
y sejenisnya). Nilai ini digunakan untuk menentukan arah pemisahan hyperplane.
x,: vektor fitur dari support vector ke-i. Ini adalah data ulasan yang paling krusial yang menentukan batas pemisah antar kelas.
o vektor fitur dari data baru yang labelnya belum diketahui (data uji). Fungsi keputusan SVM akan menggunakan data ini untuk memprediksi
' kelasnya.
b nilai bias atau intercept dari hyperplane. Nilai b menentukan posisi hyperplane relatif terhadap titik asal (origin) di ruang fitur. Ini adalah
) konstanta yang meminimalkan error klasifikasi.

3.4. Sources and Data Collection

The data in this research comes from secondary data downloaded through the Kaggle platform. The dataset contains a collection of user
reviews of the Mobile Legends application and has been provided by a third party so it can be directly used in research without the need
for manual data collection.
The dataset used consists of 6,000 raw data points and comprises 11 attributes, namely:
reviewld, a unique code for each review.
userName, the name of the user who wrote the review.
userlmage, a link to the user's profile photo.
content, the text content of the review which is the main focus in sentiment analysis.
score, the star rating given by the user.
thumbsUpCount, the number of other users who found the review helpful.
reviewCreatedVersion, the app version when the review was created.
at, the date and time the review was posted.
. replyContent, a response from the developer (if any).
10. repliedAt, the time when the response was given.
11. appVersion, the app version used by the user.
The dataset is downloaded in CSV or Excel format, then further processed through data cleaning stages, attribute checking, handling
missing data, and text processing before being used in the sentiment analysis stage.

VoAb W=

3.5. Research Stages

This research encompasses a series of structured steps with the main objective of categorizing (classifying) opinions or feelings (sentiments)
from reviews given by Mobile Legends application users on the Google Play Store. The arrangement of each step is designed to create a
sentiment classification model that has accurate and reliable results. The models used, namely Naive Bayes (NB), K-Nearest Neighbors
(KNN), and Support Vector Machine (SVM), go through a training process using prepared data. After the models are developed, their
capability in classifying sentiments is tested using testing data.

These stages include:

1. Data Collection Data is obtained through secondary data acquired from the Kaggle website. A total of 6,000 reviews were
collected.

2. Data Exploration Includes initial data analysis and cleaning to understand the characteristics of raw data.

3. Data Preprocessing The obtained review data is then cleaned through the preprocessing stage. This process includes Case Folding
(converting text to lowercase) and Text Cleaning (removing URLs, numbers, or special characters). Subsequently, Tokenization
(breaking text into individual words), Stopword Removal (removing unimportant words), and Stemming (finding root words)
are performed. The overall purpose of this preprocessing process is to simplify text and reduce noise (interference) in the data.

4. Feature Extraction Clean text data is transformed into numerical representations such as TF-IDF that can be processed by
algorithm models.

5. Data Splitting (Train-Test Split) The data is then divided into two parts: 80% training data and 20% testing data. Training data

is used to build the model, while testing data is used to evaluate its performance.

Algorithm Model Classification Implementation of model training with NB, KNN, and SVM algorithms.

7.  Model Evaluation and Comparison Model performance is tested using testing data, and the results from all three algorithms are
evaluated and compared.

&
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Pengumpulan Data
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Preprocessing Data
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Pembagian Data
(Train-Test Split)
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Algoritma

Evaluasi dan
Perbandingan Model

Fig 2: Research Flowchart

This diagram shows a structured research workflow, starting from data collection, followed by data exploration, data preprocessing, and
feature extraction. The next stage is data splitting (dataset division), followed by algorithm model classification, before finally conducting
model evaluation and comparison.

3.6. Tools and Software

In this research, the researcher uses several software and supporting tools to support the data analysis process and development of
sentiment classification models. The main tools used are as follows:
1. Visual Studio Code (VS Code):

Visual Studio Code is a powerful and lightweight source code editor developed by Microsoft. In the context of this research, VS Code
functions as an Integrated Development Environment (IDE) used to write, manage, and debug Python scripts related to data processing,
feature extraction, and algorithm training (NB, KNN, and SVM). VS Code was chosen because it provides syntax highlighting features,
an integrated terminal, and extension support that facilitates scientific work.

B

Visual Studio Code

Fig 3: Visual Studio Code Logo

2. Pustaka Python:

The libraries used during data processing, feature extraction, and model training include:

a) Pandas, for manipulation, loading, and analysis of tabular data (dataframes).

b) NumPy, to support numerical computation, especially in matrix and array operations.

¢) Matplotlib and Seaborn, for data visualization, diagram creation, and confusion matrices display in evaluation reports.

d) Re, for string operations and text cleaning using Regular Expressions.

e) Scikit-learn (sklearn), the main machine learning library used to split data (train_test_split), text feature extraction (TfidfVectorizer),
implementation of classification algorithms (Naive Bayes, KNN, SVM), evaluation and calculation of model performance metrics.

f) Sastrawi, used for Indonesian language text preprocessing (StopWordRemover and Stemmer).
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g) Imbalanced-learn (imblearn), can be used optionally/conditionally to handle data imbalance through Oversampling techniques
(SMOTE). h) Other Supporting Libraries, for example: pickle, os. These are needed for saving models (pickle) and file system-related
operations (0s).

Fig 4: Python Libraries Logo
4. Results and Discussion

Naive Bayes, KNN, and SVM models were implemented to classify Mobile Legends application user reviews into three sentiment
categories: positive, neutral, and negative. The dataset consists of 6,000 reviews which are secondary data obtained from the Kaggle
website.

4.1. Data Splitting

Data splitting (data slicing) is the stage of dividing the dataset into several different parts. This step is performed with the main purpose
of supporting the development (training) process and testing model performance. In general, the dataset is divided into:

1. Training Data: Functions to train the model to be able to recognize and learn patterns present in the data.
2. Testing Data: Used to test and assess the working capability (performance) of the trained model.
3. Validation Data (optional): Used (if needed) to refine model parameters (hyperparameter tuning) during development.
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Fig 5: Sample User Review Dataset
4.2. Results of Pre-processing Implementation
Secondary data obtained from the Kaggle website was cleaned and prepared through a series of preprocessing stages. This process begins
with Case Folding (converting all text to lowercase) and Text Cleaning (removing irrelevant elements such as URLs, numbers, and special
characters). Subsequently, the text is broken down into individual words through Tokenization, followed by Stopword Removal to eliminate

common words, and Stemming (finding root words). All these stages are executed to ensure the text data is clean, standardized, and ready
for feature extraction in the next stage.

4.2.1 Case Folding

Table 4: Implementation Example of Case Folding

No Before Case Folding After Case Folding
1 |Banyak drak sistem nya masa Roam Saber mati 128 |banyak drak sistem nya masa roam saber mati 128
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4.2.2 Text Cleaning

Table 5: Implementation Example of Text Cleaning

No Before Text Cleaning After Text Cleaning
1 |Banyak drak sistem nya masa Roam Saber mati 12¢) |Banyak drak sistem nya masa Roam Saber mati

4.2.3 Tokenization

Table 6: Implementation Example of Tokenization

No Before Tokenization After Tokenization
1 |Banyak drak sistem nya masa Roam Saber mati 12@ Banyak, drak, sistem, nya, masa, Roam, Saber, mati

4.2.4 Stopword Removal

Table 7: Implementation Example of Stopword Removal

1vvu | DCIUIC DWPWULU INCluv vai £AULCL DLW P YYULU INCHIU V al

1 |Banyak drak sistem nya masa Roam Saber mati 128} |banyak drak sistem nya masa roam saber mati

4.2.5 Stemming

Table 8: Implementation Example of Stemming

No Before Stemming After Stemming
1 |Banyak drak sistem nya masa Roam Saber mati 128 |banyak drak sistem nya masa roam saber mati 12

4.3. Results of the Naive Bayes

The Naive Bayes model was implemented to classify user reviews into positive, negative, or neutral categories. Model training was
conducted by splitting the data into training data and test data with an 80:20 ratio. The Naive Bayes algorithm used is Multinomial Naive
Bayes because it is suitable for text in the form of words or discrete features. Hyperparameter tuning was performed by searching for the
optimal alpha value using a validation set, and an optimal alpha of 0.9 was obtained.

Confusion matrix:

Table 9: Confusion Matrix Evaluation of Naive Bayes

Positive Prediction | Netral Prediction | Negatif Prediction
Positive Actual 251 16 130
Netral Actual 9 0 45
Negatif Actual 38 5 684

4.4. Results of the K-Nearest Neighbors

The K-Nearest Neighbors model was implemented to classify user reviews into positive, negative, or neutral categories. Model training
was conducted by splitting the data into training data and test data with an 80:20 ratio. The KNN algorithm used is KNeighborsClassifier
which predicts classes based on k nearest neighbors. Hyperparameter tuning was performed by searching for the optimal combination of
k, metric, and weights using cross-validation, and optimal parameters were obtained: k=85, metric='"cosine', and weights='distance.

Confusion matrix:
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Table 10: Confusion Matrix Evaluation of K-Nearest Neighbors

Positive Prediction | Netral Prediction | Negatif Prediction
Positive Actual 268 0 129
Netral Actual 15 0 39
Negatif Actual 101 0 626

4.5. Results of the Support Vector Machine

The Support Vector Machine model was implemented to classify user reviews into positive, negative, or neutral categories. Model training
was conducted by splitting the data into training data and test data with an 80:20 ratio. The SVM algorithm used is SVC (Support Vector
Classifier) which searches for an optimal hyperplane to separate classes with maximum margin. Hyperparameter tuning was performed by
searching for the optimal combination of C and kernel using GridSearchCV, and optimal parameters were obtained: C=50.0, kernel="linear',
and class_weight="balanced'.

Confusion matrix:

Table 11: Confusion Matrix Evaluation of Support Vector Machine

Positive Prediction | Netral Prediction | Negatif Prediction
Positive Actual 288 6 103
Netral Actual 9 0 45
Negatif Actual 73 1 653

4.6. Result of Model Evaluation
Model performance evaluation was carried out using several metrics commonly used in classification testing, namely:

Accuracy: Measures the percentage of data successfully classified correctly by the model out of the total data.

Precision: Assesses how accurate the positive predictions made by the model are compared to all data predicted as positive.
Recall: Calculates the portion of data that should be positive that is successfully found and correctly classified by the model.
F1-Score: A single value that reflects the harmony (harmonic mean) between the model's precision and recall capabilities.

L=

Table 12: Evaluation Result of All Model

Naive Bayes KNN SVM
Akurasi 79.37% 75.89% 79.88%
Presisi 77.53% 72.18% 76.54%
Recall 79.37% 75.89% 79.88%
F1-Score 77.57% 73.93% 78.06%

5. Conclusion

Sentiment analysis of 6,000 Mobile Legends user reviews obtained from the Kaggle secondary dataset was successfully implemented using
a supervised machine learning approach. From the comparison results of the three algorithms, the Support Vector Machine (SVM) model
overall proved to provide the best performance, with the highest values in Accuracy (79.88%), Recall (79.88%), and F1-Score (78.06%).
It should be noted that the Naive Bayes model slightly excels in the Precision metric with a value of 77.53%. Nevertheless, SVM's
performance makes it the most superior algorithm in classifying Indonesian-language mobile game review sentiments compared to Naive
Bayes and K-Nearest Neighbors. These results provide practical insights for MLBB developers to understand public perspectives and serve
as a strategic basis for making service improvement and application quality decisions.
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