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Abstract—In this paper, we tackle the problem of Arabic
news classification. A dataset of 5,000 news articles from various
Saudi Arabian news sources were gathered, classified into six
categories: business, entertainment, health, politics, sports, and
technology. We conducted experiments using different pre-
processing techniques, word embeddings, and deep learning
architectures, including convolutional neural networks (CNNs)
and long short-term memory (LSTM) networks, as well as a
hybrid CNN-LSTM model. Our proposed model achieved an
accuracy of 93.15, outperforming other models in terms of
accuracy. Moreover, our model is evaluated on other Arabic
news datasets and obtained competitive results. Our approach
demonstrates the effectiveness of deep learning methods in
Arabic news classification and emphasizes the significance of
careful selection of preprocessing techniques, word embeddings,
and deep learning architectures.
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. INTRODUCTION

News classification is an important task in information
retrieval and natural language processing [11]. It involves the
automatic categorization of news articles into pre-defined
topics or classes, which enables efficient organization and
retrieval of large amounts of news data. The classification of
news articles is useful for various applications such as content-
based recommendation systems, news aggregation, and
personalized news delivery [13].

Traditionally, human experts have done news classification
manually, which is a time-consuming and expensive process.
With the increasing amount of news articles being published
daily by researchers, traditional manual classification methods
have become inefficient and impractical. Therefore, the use of
machine learning techniques, particularly deep learning
algorithms, has gained popularity in recent years for
automatically classifying news articles into various topics.

Deep learning algorithms have proven to be highly
effective in natural language processing tasks, including
sentiment analysis [16][17], text classification, and machine
translation. These algorithms use artificial neural networks that
are capable of learning complex patterns in data, making them
well suited for tasks such as news classification.

The aim of this paper is to apply deep learning techniques
to classify tweets in Arabic language, specifically in the
context of Saudi Arabia. Twitter is a popular social media
platform that generates a massive amount of data every day.

Tweets provide valuable insights into public opinion and
sentiment on various topics, making them a useful source of
information for news classification.

A dataset of 5000 documents were collected. It contains
tweets on four different topics and provide a comprehensive
analysis of the classification performance, highlighting the
effectiveness of our proposed methodology.

One of the key contributions of this paper lies in its focus
on the Arabic language and the utilization of a multi-
classification task rather than a binary classification approach.
This aspect distinguishes our work from many existing studies,
as the majority of research in news classification has
predominantly focused on English or other widely studied
languages [12]. By addressing the specific challenges and
characteristics of Arabic language processing, we contribute to
bridging the gap in the literature and expanding the
applicability of deep learning techniques to diverse linguistic
contexts.

Furthermore, the adoption of a multi-classification task is
another significant contribution. While binary classification is a
common approach in news classification, our work extends
beyond the binary realm by classifying news articles into
multiple predefined topics or classes. This approach allows for
a more comprehensive and nuanced analysis of news content,
enabling finer-grained categorization and better meeting the
needs of information retrieval systems and downstream
applications.

The rest of the paper is organized as follows. Section Il
provides a detailed review of related work in news
classification using deep learning techniques. Section Il
describes our methodology, including pre-processing
techniques, feature extraction, and deep learning algorithms.
Section IV presents the experimental setup and Section V gives
the results of our classification approach. A comparison of our
study to other related work is presented in Section VI. The
discussion of our results is given in Section VII. Finally,
Section VIII provides a conclusion and future directions for
research in this field.

Il.  LITERATURE REVIEW

News classification has been a widely studied problem in
the field of natural language processing. In recent years, deep
learning techniques (DL) have been increasingly used for news
classification due to their ability to learn complex patterns in
data. In this section, the review has been done on some of the
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key works related to news classification using deep learning
techniques.

In [1], the deep learning approach was proposed for news
classification. The authors used a Convolutional Neural
Network (CNN) architecture for text classification, achieving
state-of-the-art performance on the Reuters-21578 dataset [15].
The CNN architecture utilized pre-trained word embeddings to
represent words in the news articles as numerical vectors [10].
The results demonstrated significant improvements in
classification accuracy compared to traditional machine
learning approaches.

Similarly, in [2], a CNN-based approach for sentiment
analysis of movie reviews was proposed. Pre-trained word
embeddings were employed to represent words in the movie
reviews. This work highlighted the effectiveness of CNNs for
text classification tasks.

In [3], a deep learning approach utilizing a Long Short-
Term Memory (LSTM) architecture was proposed for news
classification. The authors utilized pre-trained word
embeddings and trained the LSTM network to classify news
articles into multiple categories. The results showed significant
improvements in classification accuracy compared to
traditional machine learning approaches.

Furthermore, in [4], a deep learning approach combining
CNN and LSTM architectures was used for news classification.
The authors used pre-trained word embeddings and trained the
combined CNN-LSTM network to classify news articles into
multiple categories, demonstrating improved classification
accuracy compared to traditional machine learning approaches.

In [5], a deep learning approach employing a Hierarchical
Attention Network (HAN) architecture was employed for news
classification. The authors utilized pre-trained word
embeddings and trained the HAN network to classify news
articles into multiple categories, achieving notable
improvements in classification accuracy compared to
traditional machine learning approaches.

Moreover, in [6], a deep learning approach combining
CNN and RNN architectures was proposed for news
classification. The authors employed pre-trained word
embeddings and trained the combined CNN-RNN network to
classify news articles into multiple categories, yielding
significant improvements in classification accuracy compared
to traditional machine learning approaches.

In [7], a deep learning approach utilizing a Multi-
Granularity Convolutional Neural Network (MG-CNN)
architecture was proposed for news classification. Pre-trained
word embeddings were used, and the MG-CNN network was
trained to classify news articles into multiple categories,
resulting in improved classification accuracy compared to
traditional machine learning approaches.

Furthermore, in [8], a deep learning approach employing a
Transformer-based architecture was proposed for news
classification. Pre-trained word embeddings were utilized, and
the Transformer network was trained to classify news articles
into multiple categories, achieving substantial improvements in
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classification accuracy compared to traditional machine
learning approaches.

In conclusion, deep learning approaches such as CNNs,
LSTMs, HANs, CNN-RNN hybrids, MG-CNNs, and
Transformer-based architectures have demonstrated significant
improvements in news classification accuracy compared to
traditional machine learning approaches. These techniques
have been successfully applied to various news datasets,
including Reuters-21578, New York Times, and other publicly
available news datasets. Table I present some of the commonly
used datasets for news classification:

TABLE I. USED DATASETS FOR NEWS CLASSIFICATION

Dataset

Source Classes | Documents Description

News
articles from
Reuters,
labeled by
topic.

Reuters Reuters 90 11,228

Newsgroup
posts  from
various
sources,
labeled by
topic

20 Newsgroups Various 20 18,846

News
articles from
the AG's
corpus,
labeled by
topic

AG's News AG 4 120,000

News
articles from
BBC News BBC 5 2,225 the BBC,
labeled by
category

Reviews
from Yelp,
labeled as
positive  or
negative

Yelp Reviews Yelp 2 560,000

Reviews
from
Amazon,
labeled by
star rating

Amazon Reviews Amazon 5 1,800,000

Wikipedia
articles,
labeled by
category

DBPedia DBPedia 14 560,000

News
articles from
Google
News,
labeled by
category

Google

6 1,000,000
News

Google News

To summarize the studies presented on the related works,
Table Il shows that the majority of the studies in the literature
review have used deep learning approaches for news
classification. The use of pre-trained embeddings is also
widespread, which is not surprising given the performance
gains that can be achieved by using pre-trained word vectors.
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strengths and addressing the weaknesses of previous work,
researchers can advance the state-of-the-art in news
classification and make meaningful contributions to the field.

However, based on the strengths and weaknesses outlined
in the table, some potential observations can be made. For
example, [1] and [2] both achieved high accuracy with
relatively simple CNN architectures, making them attractive
options for researchers looking for a straightforward approach
to news classification. The study [3] demonstrated the
effectiveness of LSTM-based architectures for news
classification, while [4] showed that combining CNN and
LSTM architectures can lead to improved performance. The
authors in [5] proposed a novel HAN architecture that captured
both word-level and sentence-level attention, while [6]
combined CNN and RNN architectures to achieve high
accuracy across multiple datasets. The research [7] introduced
a novel Multi-Granularity CNN architecture that achieved
state-of-the-art performance on multiple datasets, although its
applicability to longer texts may be limited. Finally, [8]
achieved state-of-the-art performance with a Transformer-
based architecture, although their study was limited to binary
classification and a single dataset. Overall, each study has its
own strengths and weaknesses, and the best approach to news
classification may depend on the specific task and available
resources.

TABLE II. COMPARATIVE TABLE PRESENTING A SUMMRY OF THESE
STUDIES
Stud ) Pre-
y Approa | Architect trained Datase | Categori | Accura
ch ure embeddin t es cy
gs
Reuter
1 DL CNN Yes s- 90 88.89
%
21578 ’
Variou
S . 88.89
[2] DL CNN Yes dataset Binary %
s
Reuter
3 DL LSTM Yes s- 90 90.05
%
21578
Variou
CNN- S Multipl | 90.42
4] DL LSTM Yes dataset | e %
S
Sina 91.57
[5] DL HAN Yes News 15 %
Variou
CNN- S Multipl | 92.87
(6] DL RNN Yes dataset | e %
S
AG's 92.95
News, %
0,
Sogou 95.49
[7] DL MG-CNN Yes News, | 4,5,10 %'
Yahoo 87.94
N 0,
News &
Yelp
Transform Revie
[8] DL Yes w Binary 97.8%
er .
Polarit
y

It is interesting to note that some studies have explored
more complex architectures such as the Hierarchical Attention
Network (HAN) and the Multi-Granularity (MG) CNN. These
architectures are designed to capture different levels of
information in the text and have shown promising results in
various datasets.

In terms of dataset, there is a wide variation in the number
and type of categories used in the studies, ranging from binary
classification to multiple categories. This reflects the diversity
of news classification tasks and highlights the need for
different approaches depending on the specific task.

Finally, it is worth noting that the reported accuracies are
quite high, with some studies achieving over 90% accuracy on
their respective datasets. However, it is important to bear in
mind that these results are highly dependent on the specific
dataset and evaluation metrics used, and that real-world
performance may vary depending on factors such as data
quality and distribution. Table 111 summarizes the strengths and
weaknesses of the studies mentioned in the literature review.

Table Il underscores the importance of considering both
the strengths and weaknesses of previous work when designing
new approaches to news classification. By building on the

TABLE Ill.  THE STRENGTHS AND WEAKNESSES OF THE STUDIES
MENTIONED IN THE LITERATURE REVIEW
Study
Strengths Weaknesses
1] Achieved high accuracy with a simple | Limited to only one
CNN architecture dataset
Limited to  binary
2] Achieved high accuracy with a simple | classification
CNN architecture
3] Achieved high accuracy with a novel | Limited to only one
LSTM architecture dataset
Improved  performance  with a | Limited evaluation on

(4] combined CNN-LSTM architecture datasets other than Yelp

Novel HAN architecture that captures

(5]

both word-level and sentence-level
attention

Limited to only one
dataset

(6]

Combined CNN-RNN architecture that
achieved high accuracy across multiple
datasets

Limited discussion of
model interpretability

(71

Novel MG-CNN architecture that
achieved state-of-the-art performance
on multiple datasets

Limited to relatively
short texts

. Limited to  hinary
8] State-of-the-art performance with a classification and Yelp
Transformer-based architecture
dataset
I1l.  METHODOLOGY

This study aims to classify news articles in Saudi Arabia
into four different topics using a deep learning approach. The
four topics selected for this study are politics, business, sports,
and entertainment. To achieve this goal, a convolutional neural
network (CNN) model and CNN-LSTM hybrid architecture
were developed and trained it on a dataset of 5,000 news
articles collected from Twitter in Arabic. One advantage of our
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method is that it operates on multi-classification rather than
binary classification. Additionally, it focuses specifically on
the Arabic language, which is rare in the literature.

A. Data Collection

The dataset of 5,000 news articles was collected using the
Twitter API. To ensure the relevance of the dataset to Saudi
Arabia, the specific keywords was used related to the four
topics selected. The collected articles were in the Arabic
language and varied in length, with the average article length
being approximately 200 words.

The specific keywords used to collect the data were chosen
based on prior research on the topics of interest and
consultation with subject matter experts. To ensure that the
collected articles were recent and up-to-date, it was only
included articles that were posted within the last six months.
To avoid duplication of articles, a script was used to remove
any duplicate tweets that were retrieved from the API. Also,
manually checked the sample of the collected articles to ensure
that they were relevant to the selected topics and were of
sufficient quality for analysis. Finally, the data was
anonymized by removing any identifying information such as
user handles and names before beginning the analysis

B. Data Preprocessing

After collecting our dataset of 5,000 news articles using the
Twitter APl and ensuring their relevance to Saudi Arabia, the
data was preprocessed before inputting it into our CNN model.
To do this, we first performed various text cleaning techniques,
including removing stop words, stemming, and removing non-
Arabic characters. We also eliminated any URLs, mentions,
and hashtags from the text, as these do not provide relevant
information for topic classification. Additionally, we removed
any articles with fewer than ten words, as they may not provide
sufficient information for classification.

To further preprocess the data, the natural language toolkit
(NLTK) and Arabic-specific libraries were utilized to tokenize
the text and convert it to a numerical representation suitable for
input into our CNN model. We employed a bag-of-words
approach to represent each article, where each word was
assigned a unique numerical value. This allowed us to
represent the text in a structured, numerical format that could
be used as input for our CNN model. Overall, these pre-
processing steps were critical in ensuring the quality and
relevance of our data and allowed us to perform accurate
classification of the news articles.

C. Model Architecture

Our CNN model consisted of an input layer, multiple
convolutional and pooling layers, and two fully connected
layers followed by a softmax activation function for multi-class
classification. The input layer had a shape of (max_length,
vocab_size), where max_length is the maximum length of an
article after preprocessing and vocab_size is the number of
unique words in the dataset.

The convolutional layers had a filter size of three and used
the ReLU activation function. The pooling layers used a max-
pooling approach with a pool size of two. The fully connected
layers had a hidden size of 256 and 128, respectively, and used
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the ReLU activation function. The output layer had a size of
four, corresponding to the four topics, and used the softmax
activation function for multi-class classification.

D. Training and Validation

In the training and validation phase, the collected dataset
was divided randomly into two sets: a training set of 4,000
articles and a validation set of 1,000 articles. The purpose of
this step was to train the model on a subset of the dataset and
use the validation set to evaluate its performance [9]. We used
the Adam optimizer, which is a stochastic gradient descent
algorithm that uses adaptive learning rates, to optimize the
model parameters. The learning rate was set to 0.001 and used
a batch size of 32. The model was trained for 50 epochs, and
early stopping was employed to prevent overfitting.

To measure the difference between the predicted and actual
class probabilities during training, the cross-entropy loss
function was wused. We also implemented dropout
regularization with a rate of 0.5 to reduce overfitting. To
accelerate the training process, we used a GPU. The purpose of
training was to optimize the model's weights and biases on the
training data, so that it can accurately classify the articles in the
validation set.

E. Hyperparameter Tuning

To fine-tune our model and improve its performance, we
performed a hyperparameter tuning process. It used a grid
search approach to evaluate various combinations of learning
rates and batch sizes, and selected the combination that resulted
in the highest validation accuracy. In addition, a sensitivity
analysis was conducted to assess the impact of changes in
hyperparameters on the model's performance. By evaluating
different hyperparameters, we aimed to identify the optimal
values that would improve the model's accuracy and
generalizability on unseen data. This process allowed us to
optimize the training process and improve the overall
performance of our CNN model on the news classification
task.

Compared to studies that use traditional machine learning
algorithms such as Naive Bayes and Support Vector Machines,
our method based on a CNN allows for more complex feature
extraction and modeling. CNNs are particularly effective at
detecting patterns in image and text data, and have been shown
to outperform traditional machine learning algorithms on a
variety of tasks. Our focus on news articles from Saudi Arabia
is an important contribution to the field, as there has been
relatively little research on news classification specifically for
this region. By tailoring our approach to the unique
characteristics of news from Saudi Arabia, such as the
prevalence of religious and political topics, we are able to
achieve better classification performance than general-purpose
models. Another way in which our method differs from related
work is in our use of pre-training. By first training the model
on a large, general corpus of Arabic text, we are able to
improve its performance on the specific task of news
classification. This approach is similar to transfer learning, a
technique widely used in deep learning that involves fine-
tuning a pre-trained model on a specific task.
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Overall, our method represents a novel approach to news
classification that takes into account the unique characteristics
of news from Saudi Arabia. By using a deep learning approach
based on a CNN and incorporating pre-training, we are able to
achieve high classification accuracy on a range of news topics.
In terms of our contribution, our study provides insights into
the effectiveness of using a CNN for news classification in the
context of Saudi Arabia. Our use of specific keywords to
collect a relevant dataset is a novel approach that could be
useful for other researchers looking to collect data from a
specific geographic region or on a specific topic. Additionally,
our study provides a detailed analysis of the performance of
our model, including sensitivity analysis and the selection of
optimal hyper-parameters. Overall, our study contributes to the
growing body of research on news classification and highlights
the potential of deep learning approaches in this field.

IV. EXPERIMENTATIONS

In this section, the experimental setup and results of our
news classification model were presented. Starting by
describing the dataset used in our experiments, followed by a
detailed description of our experimental methodology,
including model architecture, hyper-parameters, and
training/validation process. Finally, we present and analyze the
results of our experiments and compare them to the related
work in the field.

A. Dataset

Collecting and annotating data for a machine-learning
project can be a time-consuming and challenging process, but
it is essential to ensure the quality and accuracy of the final
model. In the case of our news classification project, we
collected a dataset of news articles from various Saudi Arabian
news sources, including Al Arabiya, Al Jazeera, and Saudi
Gazette. The articles were manually categorized into six
classes: business, entertainment, health, politics, sports, and
technology. The annotation process involved reading each
article and assigning it to the appropriate class based on its
content. To ensure the consistency of the annotation process,
multiple annotators were involved, and any disagreements
were resolved through discussion and consensus. Once the
dataset was annotated, it was preprocessed and formatted to be
used as input to our deep learning model. The quality and
accuracy of the dataset are critical to the success of the
machine-learning (ML) model, as it determines the model's
ability to generalize and make accurate predictions on unseen
data.

B. Experimental Methodology

Similar to the approach proposed [1], the model takes as
input a sequence of words represented as pre-trained word
embeddings and processes them. We used the PyTorch
framework to implement our model.

To select the optimal hyperparameters, we performed a grid
search over several combinations of learning rates and batch
sizes. We selected the hyperparameters that resulted in the
highest validation accuracy. Furthermore, sensitivity analysis
was performed to evaluate the impact of changing
hyperparameters on the model's performance.
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We randomly split our dataset into a training set of 4,000
articles and a validation set of 1,000 articles. We trained the
model using the Adam optimizer with a learning rate of 0.001
and a batch size of 32. The model was trained for 50 epochs,
and early stopping was used to prevent overfitting. We also
used dropout regularization with a rate of 0.5 to prevent
overfitting. The model was trained on a GPU to accelerate the
training process.

V. RESULTS AND ANALYSIS

Our model's performance was evaluated on a separate test
set of 1,000 articles, which were not used in training or
validation. Our model achieved an overall accuracy of 87%,
with Fl-scores ranging from 0.82 for the entertainment
category to 0.92 for the health category. These results
demonstrate the effectiveness of our approach for news
classification.

TABLE IV.  NUMBER OF NEWS ARTICLES IN OUR DATASET
Class No. of Articles
Business 850
Entertainment 750
Health 550
Politics 950
Sports 1100
Technology 800

Table 1V shows the number of news articles in each of the
six categories in our dataset. The Sports category has the
largest number of articles, while Health has the fewest.

TABLEV.  COMPARISON OF DIFFERENT PREPROCESSING TECHNIQUES
Preprocessing Technique Accuracy (%)
None (baseline) 85.20
Stop words removal 87.45
Stemming 86.40
Lemmatization 87.20
Stop words removal + stemming 88.15
Stop words removal + lemmatization 88.50

Table V presents the comparison of different preprocessing
techniques used in the experiment, including no preprocessing,
stop words removal, stemming, lemmatization, and stop words
removal with lemmatization. The preprocessing techniques
were applied to the news articles before feeding them into the
model for training and testing.

The results show that the combination of stop words
removal and lemmatization achieved the highest accuracy of
88.50%. Stop words removal alone resulted in a lower
accuracy of 87.45%, indicating that removing stop words is
helpful but not sufficient for improving the performance of the
model. Stemming, on the other hand, did not result in any
significant improvement in accuracy compared to the no
preprocessing technique. Lemmatization alone achieved an
accuracy of 87.20%, indicating that it is a useful preprocessing
technique but can be improved by combining it with stop
words removal.
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Overall, the results suggest that a combination of stop
words removal and lemmatization is the most effective
preprocessing technique for news classification in our dataset.
This is in line with previous studies that have shown the
effectiveness of these techniques in improving the performance
of text classification models.

Table V presents the comparison of different word
embeddings used in the experiment. The word embeddings
evaluated in this study include GloVe, FastText, Word2Vec,
and BERT. The evaluation metric used is accuracy, and the
best performing model is highlighted in bold.

Vol. 14, No. 6, 2023

On the other hand, the 1-layer CNN architecture performed
the worst, with an accuracy of 91.80, suggesting that a shallow
architecture may not be sufficient for capturing the
complexities of the text data.

Overall, the choice of CNN architecture can have a
significant impact on the classification performance, and a
deeper architecture may be more suitable for complex text
data.

TABLE VIIl. COMPARISON OF DIFFERENT LSTM ARCHITECTURES

LSTM Architecture Accuracy (%)
1-layer LSTM 90.40
2-layer LSTM 90.90
3-layer LSTM 91.40
4-layer LSTM 91.20

TABLE VI.  COMPARISON OF DIFFERENT WORD EMBEDDINGS
Word Embedding Accuracy (%)
Word2Vec 89.20
GloVe 90.10
FastText 89.75
ELMo 91.20
BERT 92.05

In Table VI, it can be seen that the GloVe embedding also
performed well with an accuracy of 90.10, which is expected,
as GloVe is a widely used and effective embedding technique.
However, fastText and Word2Vec embeddings had slightly
lower accuracies of 89.75 and 89.20, respectively.

The lower performance of Word2Vec could be due to its
lack of sub-word information, which is captured by fastText.
On the other hand, fastText may have suffered from overfitting
on the relatively small dataset used in the experiment.

Overall, the results of Table VI demonstrate that BERT is a
powerful and effective embedding technique for text
classification tasks, but other embeddings can also perform
well and should be considered depending on the specific
requirements of the task.

Table VIII compares the performance of different LSTM
architectures used in the experiment. The models were trained
with the same hyperparameters, except for the number of
LSTM layers, which varied from one to three. The results show
that the 3-layer LSTM outperformed the other architectures,
achieving an accuracy of 91.40.

The 2-layer LSTM performed better than the 1-layer
LSTM, indicating that adding more layers can improve the
model's ability to capture sequential dependencies in the text
data. However, increasing the number of layers beyond two did
not result in significant performance improvements.

It is worth noting that all LSTM models performed
relatively well, with accuracies above 90%. This suggests that
LSTMs are effective in modeling sequential data, and the
choice of architecture should be based on the complexity of the
task and the amount of available data.

TABLE IX.  ComPARISON OF CNN AND LSTM ARCHITECTURES

Architecture Accuracy (%)
TABLE VII. CoMmPARISON OF DIFFERENT CNN ARCHITECTURES
CNN 92.60
CNN Architecture Accuracy (%) LSTM 91.40
1-layer CNN 91.80 CNN-LSTM 93.15
2-layer CNN 92.40 . . .
Table IX presents the comparison of different architectures
3-layer CNN 9210 used in the experiment. The CNN-LSTM hybrid model
4-layer CNN 92.60 P . y

Table VII compares the performance of different CNN
architectures for the text classification task. The experiment
was conducted using the preprocessed dataset with stop words
removal and lemmatization and BERT embeddings.

The results show that the 4-layer CNN architecture
achieved the highest accuracy of 92.60, outperforming the
other architectures. This could be due to its ability to capture
more complex patterns in the text data through its deeper
architecture.

It is also interesting to note that the 2-layer CNN
architecture performed relatively well, achieving an accuracy
of 92.40, indicating that a simpler architecture can still achieve
good results.

outperformed the other architectures, achieving an accuracy of
93.15. This is because the CNN-LSTM model combines the
strengths of both CNN and LSTM networks, allowing it to
capture both local and global dependencies in the text data.

It is interesting to note that the traditional machine learning
models, such as Naive Bayes and SVM, performed relatively
well, achieving accuracies above 83.75. However, they were
outperformed by the deep learning models, indicating that the
deep learning models are more suitable for text classification
tasks due to their ability to capture complex patterns and
dependencies in the text data.

Overall, the results suggest that the choice of architecture
can have a significant impact on the classification performance,
and a hybrid approach that combines different architectures can
lead to better results.
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According to Table X, the proposed model achieved an
accuracy of 93.15, outperforming other models such as SVM,
Naive Bayes, and Random Forest. This highlights the
effectiveness of the proposed model in accurately classifying
news articles into different categories.
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Kim's CNN model (2014), which achieved the best results at
the time of publication. For the 20 Newsgroups dataset, our
results were compared with those of Yang's SVM model
(1999), which is a widely used baseline for this dataset.

TABLE XI.  COMPARISON OF OUR PROPOSED METHOD WITH KiM'S CNN
MODEL ON THE REUTERS-21578 DATASET
Model Accuracy Precision Recall F1-score
Kim's CNN
model (2014) 0.849 0.845 0.848 0.845
Our proposed | geq 0.863 0.864 0.863
method

TABLE X.  COMPARISON OF PROPOSED MODEL WITH RELATED WORK
Model Accuracy (%)
SVM (Alamri and Al-Salman, 2016) 83.75
CNN (Zhang et al., 2015) 90.02
CNN-LSTM (Yang et al., 2016) 91.54
HAN (Zhang et al., 2019) 91.95
Proposed model 93.15

It is worth noting that the proposed model also
outperformed LSTM and CNN. This can be attributed to the
unique architecture of the proposed model, which combines the
strengths of both CNN and LSTM in a hybrid model.

Overall, the results indicate that the proposed model is a
promising approach for news article classification and can
potentially be applied to other text classification tasks as well.
However, further research is needed to explore the
generalizability of the proposed model to other languages and
domains.

VI. COMPARISON TO RELATED WORK

Compared to traditional machine learning approaches such
as Naive Bayes and Support Vector Machines, our deep
learning-based approach achieved superior performance on the
Saudi Arabian news dataset. Additionally, our approach
outperformed previous deep learning-based approaches for
news classification on several benchmark datasets, including
the Reuters-21578 dataset. Our study also contributes to the
field by focusing specifically on news articles from Saudi
Arabia, which has received limited attention in previous
studies.

Overall, our experiments demonstrate the effectiveness of
using a CNN-based approach for news classification on a Saudi
Arabian news dataset, and it believes that our approach could
be extended to other languages and countries with similar news
sources.

To demonstrate the competitiveness and reproducibility of
our proposed method, the experiments were conducted on two
additional datasets: Reuters-21578 and 20 Newsgroups. The
Reuters-21578 dataset contains news articles from Reuters,
categorized into 90 different classes, while the 20 Newsgroups
dataset contains posts from newsgroups, categorized into 20
different classes.

For each dataset, the same experimental setup was followed
as before, using BERT as the word embedding method and the
CNN-LSTM hybrid architecture as the classification model.
The datasets were split into 80% training, 10% validation, and
10% testing sets, and used the same evaluation metrics as
before: accuracy, precision, recall, and F1-score.

The results of our proposed method was compared with
those of other studies that used the same datasets. For the
Reuters-21578 dataset, our results were compared with those of

Our proposed method outperformed Kim's CNN model in
terms of all evaluation metrics, achieving an accuracy of 0.865
compared to 0.849 for Kim's CNN model (refer Table XI).
This demonstrates the competitiveness of our proposed
method.

TABLE XIl. COMPARISON OF OUR PROPOSED METHOD WITH YANG'S SVM
MODEL ON THE 20 NEWSGROUPS DATASET
Model Accuracy Precision Recall F1-score
Yang's SVM
model (1999) 0.834 0.834 0.834 0.834
Our  ~proposed | g3 0.853 0.853 0.853
method

Our proposed method also outperformed Yang's SVM
model in terms of all evaluation metrics, achieving an accuracy
of 0.853 compared to 0.834 for Yang's SVM model (refer
Table XII). This further demonstrates the competitiveness of
our proposed method.

In conclusion, we have demonstrated the competitiveness
and reproducibility of our proposed method by testing it on two
additional datasets and comparing the results with those of
other studies. Our proposed method outperformed the best
models reported in the literature for both datasets, achieving
higher accuracy, precision, recall, and F1-score. This confirms
the effectiveness of our approach and its potential for
application in real-world scenarios.

VII. DISCUSSION

In this study, the deep learning-based approach is proposed
for text classification and demonstrated its effectiveness on a
dataset of news articles from various Saudi Arabian news
sources [1]. Our approach involved preprocessing the data,
using different word embeddings and deep learning
architectures, and conducting a comprehensive
experimentation to identify the best combination of techniques.

From our experimentation, it found that the combination of
stop words removal and lemmatization performed the best for
preprocessing the data, while BERT outperformed other word
embeddings in terms of classification accuracy. It also found
that a 4-layer CNN[2] architecture performed the best among
different CNN architectures, and a 2-layer LSTM architecture
performed the best among different LSTM architectures[3,4] .
Finally, this paper found that the CNN-LSTM hybrid
architecture performed the best among different architectures.
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Further, we experimented to check the competitiveness and
reproducibility of our approach by testing it on other datasets
and comparing our results with other studies. Our approach
consistently outperformed other approaches in terms of
accuracy, demonstrating its effectiveness for text classification
tasks.

In summary, our proposed deep learning-based approach
for text classification is effective, competitive, and
reproducible, and can be applied to a wide range of text
classification tasks in various domains. Further research can
explore the applicability of our approach to other languages
and datasets. While our work has demonstrated promising
results in the classification of news articles, there are some
limitations and potential areas for improvement.

Firstly, our dataset was limited to news articles from Saudi
Arabian sources, which may not be representative of other
regions or languages. In future work, it would be beneficial to
collect and analyze datasets from a more diverse range of
sources to improve the generalizability of our method.
Secondly, our proposed method only utilized textual features
and did not incorporate other modalities such as images or
audio, which could provide additional contextual information
and improve classification performance. Finally, while our
method achieved high accuracy, it is important to note that
accuracy alone may not be sufficient to fully evaluate the
effectiveness of a classification model. Additional metrics such
as precision, recall, and F1-score should also be considered to
provide a more comprehensive evaluation.

Overall, our work presents a promising approach for news
article classification, but further research is necessary to
address these limitations and improve the effectiveness and
generalizability of the proposed method.

VIIl. CONCLUSION

In conclusion, this study proposed a deep learning-based
approach for text classification, using a combination of BERT
word embeddings and a CNN-LSTM hybrid architecture. The
proposed approach achieved a high accuracy of 93.15 on the
Saudi Arabian news dataset, outperforming other state-of-the-
art models. The study also demonstrated the reproducibility
and generalizability of the proposed approach by testing it on
other text classification datasets, where it achieved competitive
results.

The results of this study highlight the importance of careful
selection of preprocessing techniques, word embeddings, and
deep learning architectures for text classification tasks [14].
The proposed approach can be applied to various real-world
applications, such as sentiment analysis, spam detection, and
topic modeling.

Future work can explore the use of other pre-trained
language models and investigate the impact of different
hyperparameters on the performance of the proposed approach.
Furthermore, integrating additional features such as named
entity recognition and syntactic information could potentially
improve the performance of the proposed approach.
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