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Avrticle Info ABSTRACT

Article history: When news propagates on Twitter, it is published, circulated, and discussed
. through a series of tweets. Rumor spreaders take advantage of the rapid spread

Received June 20 2023 to bring about harmful effects on society and economy while making

Accepted July 25, 2023 recipients to bias their opinion and beliefs to the wrong side. Detecting rumors

on social media at an early stage is critical to minimizing their catastrophic

and tragic effects. Many researchers have sought effective deep learning-

Keywords: based solutions to detect rumors on Twitter, but they were limited to certain

languages, such as English and Chinese. Few deep learning models have been
Rumors Detection used to detect Arabic rumors; however, those studies were either used to detect
Deep Learning rumors on specific topics, losing the advantage of generalization, or were only
Event level concerned with detecting rumors at the tweet-level, ignoring event-level
Twitter detection. This paper aimed to introduce two deep learning models to perform
Arabic Event-level rumor detection on Twitter’s Arabic content efficiently utilizing

latent textual features extracted directly from tweets’ texts. Two variations of
Recurrent Neural Networks have been utilized: LSTM and Bi-LSTM. An
attention mechanism was embedded in the models to optimize the
performance of these models to achieve optimal results. Both proposed
models achieved significant results where the LSTM and Bi-LSTM models
reached at most 96.37% and 96.53% of accuracy respectively. Embedding
the attention mechanism noticeably improved the performance of the models
where LSTM-Attention and Bi-LSTM-Attention models reached accuracy of
96.41% and 96.61% respectively.
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1. INTRODUCTION

As seen today, social networks reflect a real-life social interaction paradigm in which users are able to keep in touch
with their friends and meet new people regardless of geographical, cultural, or time-related limits.[1]. The information
on those networks has no guarantee on quality and credibility because any user registered in a social network can be
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a reporter or a source of information. The nature of social media also provides a rich and convenient environment for
rumormongers to post and spread false stories and information, which can lead to major chaos and unpredictable
reactions from those involved. Twitter, in particular, contributes to the rapid spread of rumors and unverified news
due to its nature and the characteristics on which it was built. It is known as the Retweet feature, which allows any
user to share the content of another user with all of his or her followers and their followers, thereby spreading a single
post to thousands or even millions of users.

Twitter has recently become the top-one source of news transmission and exchanging; the platform is often targeted
by celebrities and well-known personalities to share their news and opinions with their fans. It is important to note
that when news spreads on Twitter, it would be published, transmitted, and discussed through a series of tweets,
especially since tweet content is limited to 280 characters. Furthermore, the news can be published without any
comprehensive or prior investigation or even checking the veracity of the news or the publisher's background. Rumor
spreaders use Twitter's rapid spread to manipulate public opinion, causing harmful political and economic changes
and biasing recipients' opinions and beliefs to the wrong side.

The rapid spread of false information and rumors usually causes negative effects negative effects and cause severe
damage at the level of individuals and society, these negative effects may be represented in defaming and discredit
individuals or the organizations and official bodies.

An example is the nuclear disaster of Fukushima Daiiachi that happened in Japan in 2011. At that time, a rumor
widely spread on the China’s online social network - Sina Weibo, saying that iodized salt can protect people from
the radiation effects. This rumor increased the salt price by almost five to ten times, because people rushed to buy
much more iodized salt than they need [2]. One of the real-life examples was mentioned by [2]:"on April 23rd 2013,
a fake news claiming two explosions happened in the White House and Barack Obama got injured was posted by a
hacked Twitter account named Associated Press. Although the White House and Associated Press assured the public
minutes later the report was not true, the fast diffusion to millions of users had caused severe social panic, resulting
in a loss of $136.5 billion in the stock market."

Rumor detection is the process of determining if a given piece of information is rumor or non-rumor. Detecting
rumors on social networks is critical to minimizing their catastrophic and tragic effects on the social and economic
sides of society, and these incidents of false information demonstrated the vulnerability of social media to rumors, as
well as the need for effective methods to detect rumors at earlier stages of emerging.

In this paper, two deep learning models based on Recurrent Neural Network (RNN) for Arabic event rumor
detection on Twitter would be introduced; the main contributions can be summarized as follow:

(1) Built deep neural network models for automatically detecting rumors on Twitter’s Arabic content

at the event-level utilizing text features only.

(2) Embedding an attention mechanism into the model to optimize the performance.
The remainder of this paper is organized as follows: Section 1 introduces the problem and overviews some
of the recent studies in Arabic rumor detection. Then in section 2, the methodology that has been followed
to create Arabic event-based rumor detection framework would be described. The experiments and results
are discussed in section 3.

1.2 Definition of Rumours

A. Rumour

Rumours are circulating statements or stories with unverified veracity or deliberately false. DiFonzo

and Bordia [3] described a rumour as, "unverified and instrumentally relevant information statements

in circulation that arise in contexts of ambiguity, danger or potential threat, and that function to help

people make sense and manage risk". Rumour is defined as well as a diffusive piece of information

which has unverified or intentionally false truth value [4]. In social networks, a rumour is a claim made

by social media users whose truth has not been verified yet and can potentially spread beyond their

private network. This claim can be proven later true or false [5]. On Twitter, a Rumour would be

considered a group of posts (tweets) sharing assertions of the same unverified statement to propagate

it through the network in many cascades [6].

B. Mis-information

Treen, et al. [7] provided a prevalent definition that agreed upon by this research ; they stated that
misinformation refers to information that is incorrect, inaccurate or misleading. Note that misleading
information does not have to be incorrect; rather, it may have been mentioned or presented outside of
its proper context. In their quest to define Misinformation in social media specifically, Wu, et al. [8]
aimed to define the boundaries between misinformation and related concepts that may confuse, such
as fake news and rumours. Still, in particular, they focused on disinformation since it is the most
similar or confusing term. At first, they introduce Misinformation as false or erroneous information
that has been purposefully created and spread, intentionally or accidentally. The authors then stated
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that Misinformation and disinformation relate to incorrect information. The fundamental distinction
between them is whether the information is intentionally designed to deceive, with disinformation
usually referring to purposeful and intentional incidents and Misinformation usually referring to
unintentional ones. This study also agreed with Wu, et al. [8] who use "misinformation" as an umbrella
term for all misleading or inaccurate information transmitted on social media, such as rumour, which
refers to widely spread unverified information that may later turn out to be either incorrect or correct,
and fake news, which refers to a piece of false information spread in the form of news.

C. Fake News

News can be characterized as a report of recent, intriguing, and noteworthy events or events that have
a substantial impact on people and can be viewed as outcomes of journalism, which is meant to deliver
"independent, reliable, accurate, and comprehensive information." Since the “primary purpose of
journalism is to provide citizens with the information they need to be free and self-governing,” media
must report the truth above all else.

Lazer, et al. [9] described fake news as false material resembling news media content in form but not
in organizational method or intent. In this way, fake news outlets lack the news media's editorial rules
and methods for guaranteeing information accuracy and trustworthiness. Wu, et al. [8] mentioned that
m fake news is purposely disseminated falsehoods in the shape of news. Recent events demonstrate
that false news may be used as propaganda and spread via news media and social media. Lazer, et al.
[9] also confirmed that fake news overlaps with other information.

1.3 Rumour Detection Approaches

During the last few years, many studies contributed to finding novel solutions for detecting rumors. Those studies can
be categorized either based on the classification method approaches or detection level approaches. According to the
used classification method the studies are categorized as follow:

A. Machine Learning Approach The earlier studies introduced models for rumour detection that relied on
machine learning algorithms; these learning algorithms incorporated a wide variety of features and
formulated rumour detection into a binary classification task (Rumour and non-Rumour). The extracted
features are a mixture of content and context [5]. Content features are extracted directly from the text, such
as linguistics features. On the other hand, context features rely on surrounding information. Context features
could be extracted from users' characteristics, social network propagation and reactions of other users to
the news or post.

B. Deep Learning Approach More effective techniques arose to take advantage of deep learning artificial
neural networks in rumour detection, showing significant and promising results for many research fields,
including text mining and NLP. The advantage of this approach over machine learning is the ability to learn
and represent the needed features automatically[5, 10].1t has the ability of mitigating feature engineering
by fully utilizing its expressive capacity for modelling the features of input data[11].

In terms of the detection level, there are two approaches of mechanisms for detecting rumors circulating in various
social media channels, as identified and explained by Han [12] in her dissertation:

A. Message-level Rumour Detection

Any rumor detection mechanism that attempts to determine if a particular post in the dataset to be a rumour or
not. The objective behind this approach is to find multiple separate sub-events (i.e., rumors) that are associated
with an event. The event in this situation is neutral and is not an indication of a rumour or a non-rumour. Message-
level detection models accept any sort of message related to an event that has the potential to generate several
rumors. An example of such events is the COVID-19 which was a global trending event in which social media
platforms were used to disseminate different facts, warnings, general and protective information, statistics, as
well as news and rumors. In this research, this type of detection referred to as Tweet-level Detection.

B. Event-Level Rumour Detection
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Include any rumor detection mechanism that attempts to determine whether an event is associated
with a rumour or not based on a collection of tweets associated with it. The primary distinction
between this and message-level detection is that an event in the former is a specific rumour.

1.4 Related Works
The methods and techniques that have been utilized for Arabic rumour detection on twitter content can be
categorized in two approaches according to the used methods. The primary approach is machine learning, which
was adopted initially until a few researchers shifted toward employing the deep learning approach to develop
effective methods for detecting Arabic rumors or employing it in related tasks such as detecting Fake News or
Misinformation.

The Authors of [13] proposed one of the first studies focused on detecting Arabic false information on Twitter.
They seek to provide a system that automatically evaluates the credibility of Arabic web material, with a focus
on the news sector. Their method was able to determine whether an Arabic post was credible, not credible, or
questionable.

For credibility assessment of Arabic Twitter news posts, the authors of [14] used a hybrid feature set model that
combines topic-related and source-related features. According to the authors, the bulk of previous studies have
focused on either topic-related or source-related features. While a variety of studies were concerned with Arabic,
only a few of them used hybrid features to assess the credibility of Arabic material on Twitter. Three alternative
classification algorithms which are: Decision Tree, support vector machine (SVM) and Naive Bayesian (NB).

One of the most recent research that addressed the problem of identifying Arabic rumors on Twitter was
introduced by [15]. They employed an expectation-maximization algorithm (E-M) in two distinct learning
schemas: semi-supervised learning and unsupervised learning. In order to achieve the best model performance,
they planned to assess previously utilized features and select the top twelve topic-based features that obtained the
best results with the E-M algorithm.

The authors of [16] presented a study centered with analyzing fake news, but their main goal was to introduce a
novel corpus including rumors-related subjects. This study found that most prior researchers focused their efforts
on detecting rumors after the rumors had propagate, indicating that there is a significant gap between rumor
diffusion and rumor detection. Three machine learning classifiers have been employed for assessing the new
dataset: Support Vector Machine (SVM), Decision Tree (DT), and Multinomial Naive Bayes (MNB). It has been
noticed that fake news and rumors were considered the same thing in this study.

The framework presented by [17] designed for assessing the credibility of Arabic postings on Twitter. Multiple
machine learning classifiers were investigated in this work, and after some experimentation, only four were
preserved. Random forest, adaboost, and logistic regression were used as classifiers. In addition to content-
based and user-based features, this study investigated the impact of sentiment analysis on producing additional
features that improve the detection of fake news. The use of sentiment analysis has been shown to improve
detection accuracy.

In the paper [18] The authors introduced the CAT credibility assessment model in attempt to develop a binary
classification that labels a Twitter tweet as credible or not credible. Their model was trained using their own
collected dataset and two classifiers: Random Forest and Decision Tree. To figure out whether only a single type
of features may be employed as a credibility determinant, they conducted a comparison analysis of content-based
features versus user-based features. However, the best results were obtained by combining both types of features,
while user-based features exceed content-based features performance by only 0.02%.

In the paper[19], The authors proposed a machine learning approach for classifying tweets as credible or not
credible. The authors had three main goals to focus on when developing this model: the first was proving that N-
gram word-based features outperform content-based and source-based features. The second goal is to compare
the model classifiers' performance on two distinct datasets: English and Arabic. Their final goal was to create a
smartphone application capable of detecting the credibility of real-time datasets obtained from Twitter. They
trained five machine learning classifiers: Nave Bayes (NB), Random Forest (RF), Linear Support Vector
Machines (LSVM), K-Nearest Neighbor (KNN), and Logistic Regression (LR).

The study by [20] This was one of a number of studies that explored the COVID-19 Twitter content. This
research helped to introduce one of the largest public Arabic COVID-19 databases. To validate and measure the
quality of their dataset, they used two classification approaches: the first is Machine Learning, in which they built
an SVM model, and the second is Deep Learning, in which they used AraBERT, a transformer-based model
trained on Arabic news.
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Paper[21] conducted an additional study that attempted to build a large COVID-19 Arabic dataset. The dataset
was obtained from Arabic tweets and has been devoted for misinformation classification tasks. As a second
contribution, the researchers created and trained two Word Embedding models while employing the whole
gathered dataset, which contains over two million tweets. These two models were created using two word
embedding techniques: word2vec and FASTTEXT. Their final contribution was to use a collection of Machine
Learning and Deep learning techniques to detect misinformation. Support vector machine (SVM), multinomial
naive Bayes (NB), Extreme Gradient Boosting (XGBoost), Random forest (RF), and Stochastic Gradient Descent
(SGD) were the Machine Learning techniques that have been used. Convolutional neural networks (CNN),
Recurrent Neural Networks with bidirectional long-short-term memory (RNN BiLSTM), and Convolutional
Recurrent Neural Networks (CRNN) are among the techniques employed in deep learning.

Authors of [22] built the first Arabic dataset sourced from Twitter that is able to be utilized in misinformation
detection tasks at both the tweet and event levels. Although the dataset was assembled for event-level
classification tasks, the authors merely carried out tweet-level binary classification utilizing the bidirectional
Graph Convolutional Networks model (Bi-GCN), PPC-RNN+CNN, AraBERT, and MARBERT.

The goal of [23] was to find out if the deep learning model could detect false news in Arabic COVID-19 tweets.
They conducted a comparison analysis using three fundamental deep learning models: Convolutional Neural
Networks (CNN), Recurrent Neural Networks (RNN), and Gated Recurrent Unit (GRU). Multiple transformer-
based models, including AraBERT v1, AraBERT v02, AraBERT v2, ArElectra, QARIB, Arbert, and Marbert,
were also utilized in their comparison. The researchers used two available datasets derived from Arabic Twitter
content during the Corona pandemic: ArCOV19-Rumors and COVID-19-Fakes.

To detect Arabic rumors on Twitter, [24] presented a hybrid model of a Convolutional Neural Network (CNN)
and Long Short-Term Memory (LSTM). As stated, their contributions can be split into four objectives: first, to
review existing research on rumor detection on social media; second, to use deep learning methods to classify
text as rumor or non-rumor; third, to examine the use of word embedding over the traditional feature
representation techniques and compare results; and last, to compare the efficiency of their model with other
baseline methods. It should be emphasized that they used the same data collected by [15] and that the proposed
framework is limited to detecting rumors based on the tweet level.

As stated by [25] they introduced an effective approach for detecting Arabic rumor tweets utilizing the eXtreme
gradient boosting (XGBoost) algorithm. This algorithm has been trained with a set of topic-based features that
have been generated from the content-based and user-based features. The authors follow the same proposed
framework as [15] and used the same dataset published by them; apparently, they nearly replicated their work.
Still, the difference is that they achieved supervised learning utilizing a different machine learning algorithm and
employed all of [15]'s proposed topic-based features. In contrast, the latter used only the best 12 of their proposed
features.

1.5 Problem Formulation

Detecting rumors on social networks at an early stage is critical for mitigating their detrimental impact. Many studies
have sought efficient methods to identify rumors on Twitter. These studies belong to one of two categories: Machine
Learning studies [13-19, 26-28] or Deep Learning studies [2, 4, 10, 20-22, 29-34].

As evidenced by the preceding section, the majority of the related studies employed a machine learning techniques to
develop models that produced good results. However, The Machine Learning approach relies on manually crafted
features that cannot automatically detect rumors during the earlier stages of diffusion and may affect the model's
performance. Conversely, the deep learning techniques that have been employed to detect Arabic rumors on twitter
content is relatively limited compared to certain languages, such as English and Chinese where they own a bigger
share. Those studies related to the Arabic content in twitter suffer at least one of two limitations: First, some of the
studies were dedicated to detecting rumors on specific topics of Twitter content, such as COVID-19, which loses the
advantage of generalization. Second, most studies were concerned only with detecting rumors at the tweet level and
neglecting event-level detection. However, it is much more logical and faster to detect rumors by defying the rumor
as a whole and not each tweet separately, where some tweets will be ignored and will not be classified as a rumor.

The only studies that introduced a method to detect Arabic rumor events on Twitter utilizing machine learning with
topic (event) based features were proposed by [15, 25]. The examined features in their studies are derived from the
user and content features didn't include the linguistic features, which, according to Jain, et al. [35], help discriminate
the misguiding aspects of the content utilized to hide the content's author's writing pattern. Furthermore, the
handcrafted features cannot detect variations in the context of the posts [2].
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2.

This paper proposes a deep learning based framework for automatically detecting rumors of Twitter’s Arabic content
at the event level. Two variants of the Recurrent Neural Network would be employed, in which they would be fed
with the textual features extracted from the events’ tweets themselves. A soft attention mechanism would be embedded
into the models to enable distinct feature extraction from high duplication and advanced importance focus that varies
over time. This paper is an extension of a previous study by AlAttas, et al. [36],and the main objectives of the paper
can be addressed as:

To build a deep learning-based models that able to detect Arabic rumour on twitter at the Event-
Level.

To build a model that able to swiftly identify rumours in the early stages of their spread by relying on
the latent textual features of tweets’ text only.

To evaluate and compare the efficiency of the proposed deep learning models.

To evaluate and compare the efficiency of the proposed models before and after utilizing the soft
attention mechanism.

)
O]

®3)
(4)

METHODOLOGY

In this study a two deep learning models have been employed to analyze the Arabic content of twitter to
detect rumors on event-level. One of the main objectives of this study is to address the problem of
individually classifying a group of tweets related to one specific event or discussing the same topic as
rumor or non-rumor. Toward achieving this objective, the dataset must be prepared probably where
additional preprocessing steps must be taken in consideration. The proposed framework has four main
phases that is shown in Figure 1. The four phases are data preprocessing, variable-length post series
construction, Feature representation and classification model.

Features
Representation

TF-IDF

J Classification Model L

Data PreProcessing
Normalization

variable-length post
series construction

Posts Padding

LSTM Model with Soft
Attention Mechanism

Events Construction

Performance
Analyseis

Post-Series construction

Keras Embedding

Figure 1 The Proposed Framework

2.1 Data Pre-Processing

There are major preprocessing steps performed to enhance the performance of the created cleaned Arabic

tweeter dataset. Figure 3 shows the algorithm of the preprocessing module for each tweet in tweet dataset.

includes eight steps. These steps can be grouped into two categories namely: Normalizing and Tokenization.

It
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Algorithm 1: Data Pre-Processing Algorithm

© 00 N o o BN

=
o

11
12
13
14

Input: Arabic twitter dataset

Output: Cleaned Dataset

Read the data from input file

Split input file into Event_id set, Class set and Tweets set
For each tweet in tweets

Remove punctuation
Remove diacritics
Remove special characters
Remove stop words
Remove Latin characters
Remove repeated letters

Normalize Alef //Unify different shapes of the letter |

Normalize Teh //Unify different shapes of the letter <

Store the cleaned Tweets set along with Event_Id set and Class set in cleaned

End for

End

Normalization is concerned with making more consistence dataset and it aim for linguistic reduction and

standardization at the corpus level[37, 38]. In this procedure, the following steps have been relied
upon[39]:

Removing punctuation which is used to organize text and make it more readable. Tablel contains the
punctuations to be removed

Removing Diacritics which are used to determine the letter's sound or pronunciation distinguish the
Arabic language and play the same role as vowels in the English language. The diacritics to be
removed are grouped in Tablel.

Removing stop words which refer to the common and most used words in a language. Stop words are
categorized as adverbs, units of measurement, coin names, conditional pronouns, interrogative
pronouns, prepositions, pronouns, reference names/determinants, relative pronouns, transformers
(verbs, letters), and verbal pronouns. Stop words in the Arabic language are classified as words that
can take suffixes or prefixes and words that can't take suffixes or prefixes. Table 1 shows examples
of Arabic stop-words

Removing URLs which refers to Uniform Resource Locator; in other words webpages links or
addresses. They usually started with “https//”

Removing Latin characters also known as the Roman alphabet, is the collection of letters originally
used by the ancient Romans to write the Latin and English language.

Removing Elongation or repeated letters where sometimes users in social media tend to repeat some
letters of the words, such as the word "1_S—&", which can be written as "W _S-3" The users do such
things to increase their feeling.

Removing non-Letter or special characters that comprise all the symbols except alphabet characters
such as "&", "#", and "%".

o Unify letters with different shapes; some letters in Arabic have many shapes influenced by their

position in the word and its diacritic and the surrounding letters' diacritics. An example is the letter ",
which has the following shapes “I ,) |1 ,i*. Each letter from this list would be replaced with the
corresponding general shape.
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Arabic
Punctuations ! 1 ? ¢

Arabic Diacritics

Arabic Stop Words | 25 | o | ) | oo | o | s | @3 | B | s

ol | R e

Special Characters | # | = | $§ | ~ | & | % | x B -

@\ /]| + |~ |<>

Table 1 Arabic Punctuations, diacritics, Stop words and Special Characters

Table 2 show examples of each step of the normalization procedure:

Data Sample 1 (LASY) VL Ju i las ) o siall abnall anm ) o a#

After Punctuation
Remove

After diacritics
remove

After special
characters remove
Data Sample 2

535 V) il by o siall 4bnall 4pm )l o a#

G55 Y] S e Loy o siall 4l asm )l oo

ey 535 ) YL i las o) siall 4bnall a5l o 58

pebavin Adaiiue dyla ) jualic (5 o p) A sad) RN o all Cangion 4 o 3a RT Saleh88112
https://t.co/NKVKEQjV6z

pebia aiee dla ) palic (545 0 ) A el &I o el Cingin dl w3aRT Saleh88112
petlpnia Alase Aala ) jualic (55 0l A pad) AR el Cargton

After URL Remove
After Latin Letters

remove

Normalize Alef and pebiuin adafine anla ) palie (5 () ) aai yaall addadall ) Canglon il s
Teh

Data Sample 3 i dilue o ae 3l 2 &l s S5 cpae o ) 8Y) oo bl dallile
After Stop Words e dilue e ae i 2 &l s - Sa s (e ) 3V Ge oLl daliile
Remove

After Repeated

CJL..A Afu\é..u: ‘_A: r“"QJM gl A_AAA Cmm} (e G‘}Y\ oe il dale

Letters remove

Table 2 Normalization Procedure Steps Examples

B. In the tokenization procedure the text is divided into basic units where the units could be paragraphs,
sentences, words, or numbers [37]. Since the posts in twitter are short and contain at most 280 characters,
posts are split into words directly. Each word of each post then is converted to integer value representing
its index in a dictionary. This dictionary is a matrix built from the top 20000 word features in the dataset.
This step is essential for the representation techniques that are based on word embedding approach, since
the proposed models are implemented using Keras deep learning library; the embedding layer of Keras
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accepts positive integer values only as input when using GloVe as feature representation technique in the
Feature Representation phase.

2.2 Variable Length Post-series Construction

The main objective of this study is to detect rumors in Twitter's Arabic at the event level; as mentioned earlier,
when an event or piece of news gains wide attention on Twitter, it is discussed through a series of tweets. Thus, the
event or news will be dealt with as a whole during the classification process rather than independently classifying
each tweet about a specific news or event as a rumor.

Each event in the dataset contains hundreds to thousands of tweets, and each post has a mutable number of words as
well, which makes the events variable in length. The posts of each event are separated from each other but labeled
by their event id and class id, which means that the dataset has to be prepared and the shape of the data instances has
to be adjusted to feed them probably to the deep learning model as Events.

[ Posts Padding ]7
[ Events Construction ]‘

\ 4

[Post-Series construction

Figure 2 Variable Length Post-Series Construction

As shown in Figure 2, the following three steps would be achieved to reshape the dataset and construct the event
samples:

« Post padding: In this step, each post in the dataset would be padded with 0s, so all the posts would be equal in
length. The maximum length of a post is 70 words since it is the maximum number of words that can be used to
compose a tweet containing 280 characters. This step is necessary for feature representation techniques that utilize
an embedding layer while feeding the deep learning model.

« Event Construction: for each event, the related posts would be grouped in a matrix where each matrix represents
a sample to be fed to the model; each matrix in the events matrices is linked to one item in the label’s matrix
representing the event class to be either (1for rumors) or (0 for non-rumor).

» Post-Series Construction: since each event matrix may contain hundreds to thousands of posts, each matrix
would be divided into small chunks (series) to facilitate the model's feeding process. The maximum length would be
set to N posts for each chunk. Each event should contain a minimum number of chunks (series) Min; if an event
containing less Nx Min would be padded with Zeros.

2.3 Feature Representation

As mentioned earlier, this study relies only on the tweet's latent textual as a linguistic feature to be extracted from tweet
text directly and fed to the deep learning model. Latent textual features refer to text embedding into a representation that
deep learning models can understand (numeric form). Textual features may be extracted at the word, sentence, and
document levels. In this case, an event may be encoded in latent vectors, which are able to serve as the input for classifiers
(such as SVMs) immediately or later incorporated into neural network architectures[11]. In this paper two different
approaches have been used for feature representation: Word Embedding and TF-IDF sparse vectors.

A. Word Embedding

In deep learning, word embedding is the process of encoding textual items to real-valued vectors. It captures the relation
between the different words of a large text corpus; words with similar semantic or syntactic meaning would have closer
vector values and be clustered within the same space. In word embedding, those real-valued vectors are called dense vectors
and represent the projection of the word into a continuous vector space. As mentioned earlier the models were implemented
using Keras Tensorflow Library and this library offers an embedding layer that can be used to learn the word embeddings
of the dataset. Word embedding was performed in two flavors. First, using the embedding layer alone, where the
embedding is learned along with the model itself. Secondly, using the embedding layer with pre-trained embeddings where
the layer used once to load pre-trained GolVVe model and once Word2Vec model.
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Glove Embeddings refers to Global Vectors, a global and multilingual word embedding algorithm based
on unsupervised learning and developed by Stanford University. This algorithm along with other word
embedding algorithms is used to train fixed-length continuous valued vectors utilizing large textual dataset.
It is count-based algorithm that depends on the mathematical statics that measures word co-occurrences or
how frequent two certain words would appear together. The GloVe miasmatical model attempts to
investigate the word vector in a way that determines whether the dot product of those words equals the
probability logarithmic value of these words appearing together or the probability of their co-occurring. It
can be represented by the following equations:

wi + Wi+ by + by = log(¥;,) 6
X a .
f(x,) = (mex) ;ifX;, <xmax @
1;lainnya
J = Zhiea X)W+ W+ by + by = log(%,,) 3

The w represents the word vector while w stands for the context word vector, b; and Bk would be the
scalar biases for i-word and the k-word context respectively. Each X; member in the word co-occurrence
matrix X reflects how many times the word i appears in the k -word context. A context word is a group of
words that appear before and after the word "i" in the same proportion as the specified window size. After
then, a weighting will be assigned to each word using way of 1 /distance. The distance here refers to the
distance that exists between the word's position and its context. Equation (2) calculates the function of the
weight, Then by incorporating equations (1) and (2) into a cost function produce a model as seen in
equation (3).

Word2Vec Embeddings Google released Word2vec, a natural language processing (NLP) technology, in
2013. It is a collection of related models used to generate word embeddings. These are shallow, two-layer
neural networks that have been taught to recreate word linguistic contexts. Word2vec takes a huge corpus
of text as input and outputs a vector space with several hundred dimensions, with each unique word in the
corpus allocated a matching vector in the space. In this study, a pretrained word2vec model on Arabic
Twitter corpus have been utilized to produces word embeddings; this model called AraVec. AraVec is an
open source pre-trained distributed word representation project that seeks to provide free and strong word
embedding models to the Arabic NLP research community. AraVec's first version includes six distinct word
embedding models developed on top of three major Arabic content domains: Tweets, Wikipedia, and others.
In this paper, the AraVec Skip-Gram Twitter version has been utilized.

Each word in the skip-gram model contains two-dimensional vector representations that could be utilized
for computing conditional probabilities. As an illustration, assuming a word has the index i in the dictionary,
then its two vectors being employed as a center word and a context word, respectively, are denoted by v; €
R%nd u; € R%. The conditional probability of generating any context word w, (with index o in the
dictionary) given the center word w, (with index c in the dictionary) can be modeled by a softmax operation
on vector dot products as in equation 5.where the vocabulary index set V = {0,1, ......., [V| — 1} Given a
text sequence of length T, where the word at time step ¢ is denoted as w®

Assume that context words are independently generated given any center word. For context window size
m, the likelihood function of the skip-gram model is the probability of generating all context words given
any center word as shown in equation 6.

T
Pwlwy) = T (5)

l_lf=1H—mstm,jioP(W(t+j)|W(t)) 6

B. TF-IDF sparse vectors which stand for Term Frequency Inverse Document Frequency is a popular algorithm used
widely to produce numerical representation for textual documents or datasets. It relies on statistically measured
weights that reflect how important a word to a document within a collection of documents. TFIDF of a word is resulted
from calculating the TF and IDF for the word, then multiplying those values together. TF represent how frequent a
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target terms appears in a document, the ratio of target term number to the all terms number within this document. IDF
in the other side is obtained by calculating the ratio of all documents number to the documents number in which the
target term appears. Calculating the TF-IDF vector is represented mathematically as follow:

TFy = 30 @
IDF; = 1+1og (%) (5)
Wi = TFl] X IDF; (6)

Where f;; is the occurrences number of term i in tweet j while n; represents total number of words the tweet j
contain. In equation, N represents total number of tweets in the dataset while c; stands for the number if tweets that
contains the termi. Finally, equation (6) calculates the Tf-1Df score of the term i in tweet;.

2.4 Classification Models

In this paper, two classification Recurrent Neural Network(RNN)models have been employed for the Arabic event rumor
detection task namely: Long Short-Term Memory (LSTM) and Bidirectional Long Short-Term Memory (Bi-LSTM) in
which each model have been fed with the previous phase output. In this section the both techniques would be described.

Output Layer

Hidden Layers

Input Layer

Figure 3 RNN basic structure

The basic structure of RNNSs as seen in figure , consists of three main components (layers): First, an Input Layer which
consists of artificial neurons that only accept data sequences and passes them to the hidden layers; Second, Hidden Layer
that consists of one or multiple layers of artificial neurons designed to perform the necessary mathematical functions and
computations for the learning process; and finally, an Output layer where the necessary computations take place to produce
the classification result (prediction). In RNNs, the data sequences are fed recursively to the hidden layers, where the
neurons contain a loop and internal memory; consequently, what has been learned from the previous input (hidden layer
output) would be considered when processing the next input (next data sequence).

A. Long Short-Term Memory (LSTM)
LSTM was presented for the first time by Hochreiter and Schmidhuber [40] in 1997. LSTM is an extended
Recurrent Neural Network (RNN) and has been discovered to overcome the vanishing gradient problem in
traditional RNNs, which makes RNNs difficult to train [41]. Recurrent neural networks (RNNSs) are highly
capable of modelling sequential data[11].
The internal structure of the LSTM hidden layer consists of a cell state and three main gates, namely forget, input,
and output gates. The input gate determines which information from the inputted data is to be stored in the cell
state. In contrast, the forget gate determines which information is to be forgotten from the previous data. The
output gate determines the output of the current cell state. LSTM networks are the optimal learning model to deal
with long-distance input sequences, especially when the data sequences' patterns are changing over time.
Consequently, it would be employed in detecting rumours at the event-level since every single event contains
hundreds and thousands of tweets spreading and discussing a specific event rumour.
The architecture of a vanilla LSTM hidden layer is represented by Figure 4 and the following equations:

Arabic Rumor Event-based Detection on Twitter using Attention LSTM Models and Text Features(Arwa
AlAttas)



Al-Ahgaff University Journal of Computer Science and Mathematics, Vol. 2, October 2024: 1-22

d12

ny

Figure 4 LSTM Architecture

i = oW .[xg, heoq] +by) ()
fe = U(va-[xt'ht—l] + bf) (8)

C = tanh(W¢.[x¢, he_q] + be) 9
Ce = f;0c_1 +i, OC (10)

0 = o(Wp.[x¢, he—1] + bo) (11)
h; = 0,Otanh(c;) (12)

Figure depicts the LSTM's inputs and outputs for a single timestep, where i, f; , O and C; represent the input
gate, forget gate, output gate and the cell state respectively. The x, represents the current input sequence while
h¢_4 is the hidden state output of the previous timestep and c;_, is the cell state of the previous timestep as well
.Each gate uses point-wise multiplication with the sigmoid(c) activation function operations to regulate the state
of the memory cells while the weight and bias of any gate unit are indicated by W and b, respectively. The input
gate is formulated by equation; the sigmoid activation function receives two inputs: the current input x; and the
previously hidden stateh,_;. This gate determines which information is updated by converting the values from
zero to one. The value one indicates significance, whereas zero indicates unimportance. Equation represents the
forget gate; The sigmoid function transitions information from the now input x, and the previously hidden
state h,_;. Consequently, the output value of the forget gate ranges from zero to one. The information will be
eliminated if the value is very near zero. In contrast, the information will be retained if the value is closer to one.
The new value is updated to the cell state once the cell state C, has been determined by equation where the both
the current input x, and hidden state h,_, are fed to the tanh function. The tanh is the hyperbolic tangent
activation function, O is the dot product operation between two vectors while C, is the new memory cell and
formulated by equation. As a final step, the output gate would determine the next hidden state as shown in
equations and. The new hidden state h, along with the new C, would be passed to the next time step.

As depicted in Figure 5, the LSTM model developed in this paper is composed of the following layers: an input
layer, embedding layer, LSTM layer, attention layer, and dense layer. The output of the previous phase is fed
into the model as input through the Input Layer; in this layer, the input shape is initialized to be (K x N); N
represents the number of posts in one data sample, where K represents the length of each post. This layer is
connected to the embedding layer, which is responsible for converting the textual data tokens to a numeric vector
to be fed probably to the LSTM layer; each post in each sample is converted to a numeric vector with the size E.
Following the Embedding layer are two LSTM layers with 128 neurons for each layer to prevent model
overfitting; dropout and recurrent dropout have been utilized. The next layer is the Attention Layer, where a
Softmax attention mechanism has been employed to discriminate the most important features from the high
duplication in the dataset. The last layer is the dense layer, where the output of the last layer neurons is fed to;
this layer represents the output layer of the proposed model containing only one neuron and utilizes 'sigmoid'
activation.
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Figure 5 Long Short-Term Memory Model

Bi-directional LSTM model

A special version of the LSTM neural network in which the model learns in two directions: forward and
backward. In traditional LSTM, input sequences flow in only one direction, either backward or forward. In
contrast, according to the Bi-directional LSTM main architecture, the single Bi-LSTM layer consists of two
separate LSTM layers, as shown in Figure 6; the first layer learns and examine the input sequence from the past
to the future (forward), while the other layer learns from the future to the past (backward). The resulting outputs
from both directions (layers) are stacked together, and the final hidden state results from concatenating the two
hidden states of the two LSTM layers (forward and backward). BiLSTM architecture can be demonstrated by the

equations where three sequences are computed: a forward hidden state &, a backward hidden state &, and the
output hidden state h;. The input sequence’s past information would be obtained by the forward LSTM, whereas
the backward LSTM may acquire the input sequence's future information. The output from both hidden states is
then merged into one hidden stateh,.

Vhy = H (W, zx, + Wizheyy + by (13)
)ht = }[(Wx‘ﬁxt + Wﬁﬁht+l + bﬁ (14)
h, = h, @ h, (15)

While H can be any activation function, the symbol @ stands for summation by component that utilized to
combine the forward and backward output components. The proposed Bi-LSTM was constructed following the
same layers' flow as the LSTM model, except that the two LSTM layers were replaced with two Bi-LSTM
layers containing 128 neurons each.

Attention
Layer

Bi-LSTM
Layer

Embedding
Layer

Input Layer

Figure 6 Bi-directional Long Short-Term Memory Model
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C. The Attention Mechanism

Attention is a complex cognitive skill that humans require. One key aspect of perception is that people do not
process complete information at once. Instead, humans selectively focus on a subset of information when and
where it is required while ignoring other perceptible information. For example, while visually observing objects,
individuals often do not see all of the scenery from beginning to end but instead, notice and pay attention to
particular areas as needed [42]. When individuals discover that a scene frequently has something they want to
observe in a specific part, they will learn to focus on that part when comparable scenarios arise again. They will
pay more attention to the valuable part. This allows humans to swiftly select high-value information from huge
amounts of data while using limited processing resources. The attention mechanism significantly improves the
efficiency and accuracy of perceptual information processing [42]. The attention mechanism has become an
increasingly prominent component of neural architectures and has been applied to various tasks, including image
captioning, generation, and text classification. The utilized attention mechanism in this research was introduced
by Zhou, et al. [43], which is a soft attention layer that is included between the LSTM (or Bi-LSTM) layer and
the output(dense) layer and is expressed by the following equations:

M = softmax(H) (16)
« = softmax(wTM) (17)
r=H ' (18)

Let H be a matrix consisting of output vectors [, h,...., hr ] that the LSTM layer produced where T is the
sentence length. The representation r of the sentence is formed by a weighted sum of these output vectors.
where H € R“XT g% is the dimension of the word vectors, w is a trained parameter vector and w7 is a
transpose. The dimension of w, o, r is d¥,T,d" separately. The final sentence-pair representation used for
classification is obtained from:

h* = tanh (1) (19

2.5 The Dataset

In this paper, a public dataset would be used for both the baseline model and the proposed models. The dataset have been
collected and published by [15] to be publicly available for future researches. A collection of Arabic rumor and non-rumor
tweets have been collected using Twitter Search API. The collected tweets are related to specific rumor and non-rumor
event; Rumor event was chosen from anti-rumors authority (http://www.norumors.net/) and Ar-Riyadh daily journal
(http://lwww.alriyadh.com/). The authors collected 271,000 tweets that are divided to 89 events of rumor and 88 events of
non-rumor. For each event, the original tweets have been collected and two types of features have been extracted namely
Tweet-based features and Topic-based features. Two aspects are worth mentioning: firstly, in this study, only the tweet
content was used as a feature since this study depends only in the linguistic feature that is extracted directly from the tweet
text itself. Secondly, only 100,000 tweets that represent almost 70 events divided between rumor and non-rumor events
have been utilized depending in the available computation resources and memory to run the model.

2.6 Performance Analysis Metrics

The proposed model’s effectiveness and performance is evaluated utilizing the four main performance metrics: The
Accuracy, Precision, Recall and F1-Score. Those metrics are calculated using the confusion matrix as shown in Table 3.

Actual
Positive Negative
g True False
‘g Positive Positive
2|2 (TN) (FP)
(&S]
2
g
al| g False True
= Negative Negative
K (FN) (TN)

Table 3 the confusion matrix
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Considering that "Positive" represents the class "Rumor" and "Negative" represents the class "non-Rumor", the confusion
matrix's Table, as shown below, represents four combinations of the predicted and actual values of the test dataset instances:
True Positive: count of Rumours that were correctly predicted as Rumours.
False Positive: count of non-Rumours that were mistakenly predicted as Rumour.
True Negative: count of non-Rumours that were correctly predicted as non-Rumour.
False Negative: count of Rumours that were mistakenly predicted as non-Rumour.

It should be clarified that there is only one way to calculate the accuracy where the Precision along with the Recall and F1
can be calculated in two different methods: depending on distribution (balanced or imbalanced) and the importance of the
classes:

A. Weighted average considers the weight of each class when calculating the metric average, considering the number

of instances of each class in the dataset. It is usually used with imbalanced data to assign greater contributions to
classes that have higher number of instances.

B. Macro-average calculates the metric individually for each class and then calculates the metric average, thus
treating all classes equally; it is best to use balanced data.

The performance metrics is calculates as illustrated below:

Accuracy is the closeness of a measured value to a standard or known value. It represents the ratio of true positive and
negative instances to the total data set instances. In other words, it represents the percentage of test data instances or events

correctly classified.
TP+TN

Accur =
CCUTACY = o FPATN+FN

(20)

Precision This metric assesses the accuracy of the classification model in categorizing a dataset instance as positive In
other words; it is the quality of a positive prediction made by the model. The weighted average precision is calculated using
the following equations:

precisionyesitive = TPTfFP (21)

PrecisioNpegative = % (22)

macro — precision _ precisionmsimeZprecisionnegame (23)

Weighted _ precision — Pprecisionyositive*Npositive + PTECISIONpegative*Nnegative (24)

Npositive + Nnegatiue

Recall is the rate of the true positives and called also the sensitivity, which is the true positives divided by the true positives
plus the false negatives. In this research it represents ratio of the accurately predicted rumor tweets to the total number of

actual rumor tweets. The recall is calculated using the following equations:
TP

recallyositive = TPIFN (25)

T'e(,'allnegative = % (26)

macro — recall = Teca”positiue‘;recallnegative (27)

Welghted — recall = recallyositive*Npositive + 7€Callpegative*Nnegative (28)

ansitive + Nnegative

F-Score is the combination of Precision and recall, giving the balanced evaluation between both Precision and Recall. F1-
score would be calculated with the following equation for both macro and weighted average:

recisionxrecall
e (29)

F1 —score =2 % —
precision+recall
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3. RESULTS AND DISCUSSION

In this paper, a new framework was built for Arabic rumor detection on Twitter with the ability to detect rumor in the event
level. Two deep learning techniques have been employed in this paper namely: LSTM and BiLSTM as introduced earlier.
Google Colab notebooks were used to implement the model utilizing Tensorflow Keras library. Keras is a deep learning
API written in Python, running on top of the machine learning platform TensorFlow. In this section, the performed
experiments on the introduced models would be clarified then the results of each experiment would be discussed. The
experiments have achieved in this research in two phases as described and discussed below.

A. Experiments Phase 1
The aim behind the first phase of experiments was to test and examine the developed models and the proposed
framework before applying more experiments and enhancements. In this phase the training and tuning process
of those models was controlled by the following hyper parameters:

Activation Sigmoid Epochs 10
Loss Function binary crossentropy Batch Size 128
Optimizer adam Random State 42
Dropout 0.5 Recurrent Dropout 0.8

Table 4LSTM and Bi-LSTM Model's Hyperparameters

Two main experiments were performed on each one of deep learning models:

a. Attention mechanism where the models were built once with a softmax attention embedded in the model and
once without the attention; this would measure the extent to which the attention affects the performance of the
model.

b. Feature representation where the models have been experimented with three different techniques of feature
representation:

e  TF-IDF where the TF-IDF vectorizer offered by the scikit-learn library has been utilized and the maximum
feature value has been set to 500.

o  Keras Embedding layer with pre-trained GloVe embedding where the maximum feature value was set to
20000 and the vector size to 100.

o  Keras Embedding layer where the embedding is learned along with the model itself and the vector size =100.
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Figure 7 Phase 1 Experiments results
Figure 7 summarizes the performance results of the two models. Analyzing the results, it can be noted that:

e In terms of Accuracy and precision, Bi-LSTM-TFIDF and Bi-LSTM-Attention-Embedding-layer models
achieved the best results, outperforming the remaining.
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Employing the embedding layer alone outperforms the GloVe embedding results for both models; the reason
behind this that the embedding layer learns the embedding from the training dataset where its context will be
more closer to the test set than the pre-trained embedding.

The attention mechanism enhanced the performance of the models in general but fails when
experimenting with the Glove embedding for the LSTM model.

TF-IDF as well outperforms the performance of the other representations, In fact, TF-IDF creates
vectors based on the importance of the word to the corpus while GloVe creates vectors based on the
occurrences of the word in a document; this may demonstrate the reason for the higher accuracy
resulted from the TF-1DF representation, but the comparison between TF-IDF and Glove may not be
fair since the values of the maximum features are not equal. The process of producing the TF-IDF
vectors consumes a huge amount of memory, so the number of the features had to be minimized.

What has been observed during the time the models were running was that the LSTM model were
faster and consumed fewer computation resources (RAM and CPU) than the Bi-LSTM model.

Regarding the consumed resources as well, it has been noticed that TF-IDF requires more computation
resources as well compared to the other feature representations techniques.

Experiments Phase 2

In this phase more experiments were conducted and the hyperparameters of the developed models
were optimized; the training and tuning process of those models was controlled by the following hyper
parameters:

Activation Sigmoid Epochs 20
Loss Function binary_crossentropy Batch Size 64
Optimizer adam Random State 42
Dropout 0.5 Recurrent Dropout 0.8

Table 5 LSTM and Bi-LSTM Model's Hyperparameters

Three main experiments were performed on each one of deep learning models:

A.

B.

Attention mechanism where each model was built once with a softmax attention embedded in the model and once
without the attention.
The Training size was set to 50%, then 60%, then at last to 70%.

Feature representation where four different techniques for feature representation were used:

e  TF-IDF where the TF-IDF vectorizer offered by the scikit-learn library has been utilized and the maximum
feature value has been set to 700.

e Keras Embedding layer with pre-trained GloVe embedding where the maximum feature value was set to
20000 and the vector size to K=100.

e Keras Embedding layer with pre-trained Word2Vec embedding where the maximum feature value was set
to 20000 and the vector size to K= 100.

e Keras Embedding layer where the embedding is learned along with the model itself and the vector size K
=100.
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Figure 8Accuracy Results

Figure 8 shows the accuracy results of all the archived experiments on the two models; LSTM and Bi-LSTM. Regarding
the addition of the attention mechanism, the results emphasize that the soft attention had a positive effect on both models
in almost all of their versions and based on the overall performance, as there was a noticeable increase in the accuracy.
The training set's size as shown, affected the models' performance, where the accuracy decreased each time the training
size was decreased. Gholamy, et al. [44] state that when there is a model for a physical phenomenon with multiple unknown
parameters. These parameters must be derived from known observations; this process is known as training the model. In
statistics, the more data points to be utilized, the more accurate the final estimations.[44]. They also emphasized that the
optimal amount of data provided for training is between 80% and 70% of the overall data volume, compared with 20% to
30% for testing. Any other ratio will have a detrimental impact on the model's performance. Regarding the feature
representation techniques, TF-IDF outperforms the other representation techniques, achieving accuracy above 96% among
all experiments of both models, while Keras Embedding layer, word2vec and Glove achieved 95.89%, 95.78% and 94.81%
respectively at their best. TF-IDF creates vectors based on the importance of the word to the corpus; on the other hand,
Word2vec generates vectors that reflect the word context, and GloVe generates vectors that represent word co-occurrence
in the document. Those facts demonstrate the reason for the higher accuracy resulting from the TF-IDF and Word2Vec
representations. Utilizing the Keras embedding layer by itself to generate the text features achieves better results than
Word2Vec and GloVe. This is not surprising since this layer trained to generate vectors directly from the dataset, which
results in capturing more semantics and generating vectors that are more relevant to the dataset context. This encourages
the training of additional embedding models on datasets derived from Arabic rumor content on Twitter in order to obtain
better results that may outperform the efficiency of the TF-IDF models. It has been observed that training the Bi-LSTM
model is slower than training the LSTM model since the Bi-LSTM model trains in two directions (forward and backwards)
and requires fetching extra batches of data to achieve the equilibrium, as reported by [45]. It has also been noted that the
Bi-LSTM gives an impact and accuracy level close to the accuracy level of adding an attention layer to the LSTM model.
There are certain extra data features that BiLSTM may capture that traditional LSTM model cannot expose since their
training is limited to one direction.
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Figure 9 Precision Results

The above figure shows the weighted-average precision results. This metric is supposed to ensure that what has been
classified as rumor or non-rumor is indeed rumor or non-rumor; it measures the ratio of rumors or non-rumor that have
been correctly classified. It can be observed that in most of the situations, except for GloVe, this metric is higher than the
accuracy; this implies that the proposed models will often be precise in predicting both classes (rumor and non-rumor),
even if the accuracy value is far from the standard value.
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Figure 10 Recall Results

The average of the Recall is designed to evaluate each model's sensitivity to both classes (rumor and non-rumor). It can be
noted from the above figure that the recall values are very close or equal to the related accuracy values. This implies the
models are somehow "balanced"”, that is, their ability to correctly classify Rumors events is same as their ability to correctly
classify non-rumor events. In other word they have the same high level of senstivity towards the both classes.
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After calculating the recall and precision average, the F1 score combines two competing metrics scores of each model.
Note that maximizing the F1 score implies simultaneously maximizing both precision and recall, which is a balance
between them. It can be concluded that Bi-LSTM combined with the TFIDF, in terms of accuracy and recall; is the best
choice for identifying Arabic event rumors on Twitter.

4. CONCLUSION

In this paper, two deep learning models have been employed to detect Arabic rumours on Twitter content: LSTM
and Bi-LSTM. The main objectives behind this study were to construct deep learning detection models capable to
detect rumours based on event-level relaying on latent textual features only (linguistic features), then to enhance the
performance of the models by embedding an attention mechanism. The two models have been experimented with
four feature representation techniques namely: TF_IDF, Keras embedding layer, word2vec, and GloVe. The
employed attention mechanism noticeably improved the resulting performance from all the constructed versions of
the models, the TF-IDF feature representation outperform the other techniques. The Bi-LSTM model versions
achieves better results than LSTM versions, due to its ability to learn in both directions. In future work, other features
besides the Textual features may be examined and a large amount of data will be collected from Twitter to build a
more accurate embedding models dedicated to the deep learning techniques for detecting rumours in Arabic content.
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Hadramout Foundation for Autism (HFA) is a Yemeni foundation established
to train, rehabilitate, educate, and serve the children with disabilities, such as
autism, down syndrome, and learning difficulties. In 2012, HFA started under
the auspices of 50 children, while recently the number of children exceeded
200. The existing system used by HFA for managing the information of autism
children suffers from different problems that negatively impact their works’
effectiveness and efficiency. Having a comprehensive system for managing
the technical aspects of autism children could help to plan, control, and
evaluate autism in Yemen. Nevertheless, to date, there has not been any
system developed for autism children. Therefore, the aim of this study is to
develop an Autism Children Technical System (ACTS) for HFA. To do so,
the Agile Kanban method was employed, as it has lately received a significant
importance and usage in developing numerous systems and applications
within software companies. Particularly, three key phases, which are (1)

problem identification, (2) system development, and (3) system evaluation,
were carried out. Consequently, ACTS was developed based on the
requirements gathered from HFA management and staff. To do so, three
techniques, which are Node.Js, Angular, and Nest.js, were used in addition to
MySQL as the database platform. Finally, five participants of staff, who
involved in daily managing childrens' data, have participated in the usability
evaluation of the ACTS. The results show constructive response from the
participants on the usefulness and ease of use of the ACTS.
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5. INTRODUCTION

Autism is a spectrum of strongly related disorders with a common core of symptoms [1]. It appears
in early childhood, causing delays in several important areas of development like learning to speak, move, and
interact with others [2]. Hadramout Foundation for Autism (HFA) is a Yemeni foundatiom which is established
on 2012 and located in Mukalla city, Hadramout. HFA aims to train, rehabilitate, educate and serve the children
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with special needs and their families. It focuses on implementing projects for the rehabilitation and training for
autism centers and societies in Hadramout according to the latest educational methods and with the
participation of accredited specialists from outside Yemen [3].

HFA started under the auspices of 50 children with disabilities, and the number of children increased
to 120 in 2015, while the number reached 197 children in 2023. HFA celebrated the graduation of more than
60 of its children and enrolled in public schools and more than 20 children to qualify the professional to practice
their lives normally. However, the number of reserve children from those wishing to join the foundation has
recently reached more than 200 children. The foundation is unable to receive them due to lack of the capacity
of the current building and the absence of an operational budget. Mainly, HFA consists of three main
departments, in which the employees are distributed, including children and training teams, as follows: (1) The
department of autism: which is considered as the largest section and includes 153 children. (2) the department
of down syndrome, which includes 20 children. (3) the department of learning difficulty, which includes 24
children. Figure 1 shows HFA building [3].

Figure 1: HFA Building

Currently, the management and staff of HFA use two applications to manage the information of autism
children. They complain that these applications have different problems that negatively impact their works’
effectiveness and efficiency. In addition, the most operations are executed in paper based system, which has
major problems and challenges. For example, the cost of paper and printing, especially the large number of
paper and reports that are spent for children per month. The increase of the number of children leads to
employing one trainer for each three children. This is due to the few trainer of HFA, and each enrolled child
should have own program and lessons. Moreover, the number of child’s files increases which are filled with
papers of programs and plans. Furthermore, there is a difficulty in accessing child information due to the large
number of paper plans, whereby each program and plan for each child is manually written, daily, monthly, and
annually.

To this end, it is obvious that creating a thorough computerized system is necessary for HFA instead
of the existing manual management and education system. The management of HFA can receive assistance
from the developed system in addressing the aforementioned difficulties. This assertion is also made in light
of the current implications of implementing the digital transformation across foundations, establishments, and
entire businesses. This claim is also raised in response to the recent implications of adopting the digital
transformation in whole organizations, foundations, and establishments [4] [5]. Therefore, this study aims to
develop and evaluate an Autism Children Technical System (ACTS) for HFA. Specifically, ACTS would be
applied on the HFA, as it is one of the existing foundation that cares on the autism in Hadramout. Overall, the
study contributes to the field of healthcare and specially to the children with autism. It introduces an alternative
system for managing and reporting the situations of the children. In addition, it enables teachers and parents
tracking how the children perform their goals as well as assessing the goals with a description provided by the
potential teacher.

The contents of the remaining sections are organized as follows. Section 2 illustrates some of the
existing systems developed for managing information of children with autism. Section 3 describes the
methodology employed to achieve the study aim. Section 4 details out the development process of ACTS and
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section 5 discusses the evaluation results of ACTS. The final section concludes the study and suggests some
directions for future work.
6. RELATED WORK

There are numerous systems, which are produced by specialized software companies, focus on
managing the information of autism children. However, these systems don not quite adhere to the HFA's
necessary criteria and requirements. Thus, this section reviews some of existing systems developed for
managing information of children with autism, followed by a comparison between these systems.

6.3 Management System of Children with Autism (MSCA)

Management System of Children with Autism (MSCA) is a system based on electronic healthcare
technologies to care with autistic childern. MSCA has a centralized database that contains the patients’ profiles
and enables nurses to access the database and enter details of patients for subject them to a set of tests. Then,
data are stored on the database and MSCA identifies the type of autism to determine the suitable treatment to
each type [6]. However, MSCA does not support Arabic language, and it only focuses on autistic children.
Figure 2 shows MSCA interface.

Patient Managment -

Ali Hassan ali@yahoo.com | 07801166987 Hilla Normal
Mohamed Ab... abood@yaho... | 07806584356 Najaf Normal
Ahmed Hussain Ahmed@yah... 07803698412 Basrah Normal
Iehab Ali Iehab@yaho... 07803697351 Karbala Normal
Ali Jasim jasim@yahoo... | 07706598365 Koot Normal
Hussain Jubair hussain@yah... 07706598145 Najaf Normal
Muntadhar M... muntadhar@... |07701265985 Karbala Normal
yuosif Naji yousif@yaho... |07801565423 Amerli Normal
Al Falah falah@yahoo... | 07801566914 Najaf Normal
Hassan Falah hassan@yah... 07703641265 Karbala Normal

Ameer Salah Ameer @yaho... 07716984265 Najaf Normal

Figure 2: MSCA interface

6.4 The Autism Management Platform (AMP)

The Autism Management Platform (AMP) is an application developed by Ryan Thomas Burns,
Chapman University, to track student progress in the special education environment. AMP can be used
anywhere by parents or special teachers. It aims to ease the parent’s live of children with autism, and to
facilitates the communication amongst those involved in a particular child’s life. However, AMP does not
support Arabic language, and just focuses primarily on the mobile front-end interface. Besides, it focuses only
on the events of the child and where did he/she get. Additionally, there is no dashboard for managing students
and teachers. Furthermore, the events are random in each random field. Moreover, there is no existing goals or
events that help to specify the current level of child’s performance. Figure 3 shows AMP interface.
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Figure 3: AMP interface

6.5 Autism Treatment Evaluation Checklist (ATEC)

Autism Treatment Evaluation Checklist (ATEC) is a mobile application developed to help parents of
children with autism, spectrum disorder, and professionals dealing with autistic children. It is based on the
ATEC test from the American Autism Research Institute (AARI). The test is used to assess the dynamics of
improvements in children with autism or for initial testing of children who may have an autism spectrum
disorder [7]. Basically, the lower the score, the fewer the problems. However, ATEC does not have any security
and authentication, as well as it only focuses on autistic children. Figure 4 shows ATEC interfaces.

77 questions, 5-10 Main menu Sample question
minutes from 3rd section

= ‘u Section list ) 1 A = ‘1 Sensory/Cognitive Awareness i
| &

Let's get started
Looks where others are

e Speech/Language/Communication looking

14 questions (TS

Begin test

Results
& Sociability
20 question: (IR

% Persons list

o Sensory/Cognitive Awareness
18 questions

v Health/Physical/Behavior

25 questions

NOT DESCRIPTIVE
SOMEWHAT DESCRIPTIVE

VERY DESCRIPTIVE

Figure 4: ATEC interfaces

6.6 Fast ForWord

Fast ForWord is a mobile application developed by Gemm Learning. It has a way of tracking activity
remotely making it ideal for home use with remote coaching (Gemm Learning model) and it is backed by 200+
studies and white papers [8]. Fast ForWord can help students with diagnoses some consider fixed or permanent.
However, Fast ForWord does not support Arabic language and it considers strict in term of configuration
capabilities. Figure 5 shows Fast ForWord interfae.
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Fast ForWord Program
Progression

For ages 5-11 For ages 12- adult
(older in some cases) (younger in some cases)

READING 1, 2 & 3
Work on reading comprehension
Reading fluency, language structure.
reading comprehension, vocabulary

READING 3

Reading fluency and comprehension,
metacognition.

FOUNDATION |
FOUNDATIONS 11

Mastery of fundamentals.
Processing, focus,
language and pre-reading

ELEMENTS I

Mastery of fundamentals.
Listening accuracy, test-taking,
reading fluency, focus.

Figure 5: Fast ForWord interface

6.7 A Comparison between the Existing Systems

Table 1 provides a comparison between the proposed ACTS and the existing systems developed for
managing information of children with autism. The comparsion done based on the made company, system type,
security, flexibility, language support, and weather the system supports the special needs or not.

Table 1. A Comparison between the existing systems

Special
Existing Systems | Company System Type | Security | Flexibility g anguage | \jeeds
upport
Support
Karbala Desktop . .
MSCA University Application Yes No English Only Autism
Chapman Mobile . Autism and
AMP University Application Yes Yes English special needs
By Zakhar Mobile Arabic & .
ATEC Lobanov Application No No English Only Autism
Fast ForWord Gemm MOb'.Ie . No No English Autism and
Learning Application special needs
Proposed System Web Arabic & | Autism and
(ACTS) Researchers Application Yes Yes English special needs

As shown in Table 1, the current systems offer a variety of features and several benefits. Nevertheless,
it is clear that the proposed system (ACTS) contains the best features and functions of all existing systems.
Moreover, the suggested system, called ACTS, would be a web application created in accordance with HFA's
specifications. . In addition to being multilingual in Arabic and English, ACTS is secure and flexible. ACTS
security depends on preventing data or code within the app from being stolen or hijacked. ACTS users are
authorized by giving them permission to access a specific resource or function. On the other hand, the
importance of ACTS flexibility relies in meeting its various needs and the capacity to interface with and a
range of users as well as wide variety of other devices.

7.  Methodology

According to [9], methodology is a set of actions and processes that help researchers choose an
appropriate approach to address a problem in a specific subject. The main objectivie of this study is to develop
and evaluate an Autism Children Technical System (ACTS) for HFA, Hadramout, Yemen. Currently, Agile
the most popular methodology used by software development organizations (SDOs) [10]. This is due to the
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fact that Agile has a number of unique features and traits that enable it to anticipate unforeseen circumstances
that can arise during the software development process [11] [12]. In particular, Agile Kanban was used in this
study since it has been increasingly popular among SDOs in recent years [13] [14], given that this method is
reliable, responsive, and flexible as stated by Alaidaros, et al. [15]. In this study, three main phases, were
carried out to achieve study's objective. The phases are (1) problem identification, (2) system development,
and (3) system evaluation as depicted in Figure 6.

Problem
Identification

System
Development

System
Evaluation

Figure 6: Methodology phases

In the first phase, the literature survey method was used to review the common autism systems, which
are currently used in autism centers and schools [16]. Consequently, the retrieved systems were studied, their
features and functions were recognized, and their limitations were identified in order to specify the problem in
this field that prompted the start of this investigation [17]. In addition, HFA management, staff, and teachers
have been interviewed many times in order to gather the information regarding the system requirements. The
interview method is a time-saving approach since the respondents only answer questions that had been asked
in which the interviewees provide their answers based on the questions asked [9]. Figure 7 shows a side of the
meeting between researcher and HFA management and interviewing staff for information gathering purpose.

Figure 7: Interviewing HFA staff

In the second phase, ACTS was developed based on the outcomes of the previous phase. Initially, use
case diagrams, class diagram, and entity relationship (ER) diagram were designed using Unified Modeling
Language (UML) based on the analysis of the requirements. UML is a standard language used to specify,
visualize, construct and document the artefacts of software systems and business modeling [18]. Several
notations in UML are used to show the various perspectives of a software system architecture [5] [19].
However, the focus of this study was to propose two models: the use case diagram and the class diagram. These
models are two common types of UML diagrams used in systems analysis, and both can help in modeling the
structure and behavior of a system.

Then, an ACTS prototype was developed in order to provide a comprehensive overview of the entire
system with an emphasis on user engagement as claimed by [20]. Prototyping is an effective development
method that is mostly used to show fundamental functions and features to target users [18] [21]. A prototype
in Agile development facilitates rapid testing of a concrete concept and gets rapid input from possible users
[17]. After several revisions with users, the final verion of ACTS has been develop and released.
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In this phase, three techniques, which are Node.Js, Angular, and Nest.js, were used to develop ACTS,
in addition to MySQL as the database platform. Node.Js was selected as it is an open-source, cross-platform
JavaScript runtime environment and library for running web applications outside the client's browser. Node.Js
has numerous features, such as asynchronous and event driven, very fast, single threaded but highly scalable,
and it has not a buffering, thus node’s applications never buffer any data [22]. Besides that, Nest.js was chosen
as it is one of the fastest-growing Node. js frameworks for building efficient, scalable, and enterprise-grade
backend applications using Node.Js. It is known for producing highly testable, maintainable, and scalable
applications using modern JavaScript and TypeScript [23]. Moreover, the Angular was also used as it is
TypeScript, Google maintains it, and its primary purpose is to develop single-page applications. As a
framework, Angular has clear advantages while providing a standard structure for developers to work with
[24]. The selection of MySQL is due to its status as the most widely used open-source database globally and
the fastest-growing industrial database system [25]. An explanatition on the development of ACTS is illustrated
in section 4.

In the third phase, the developed ACTS was evaluated by users in order to determine its usability
awareness and acceptance [18] [26]. During this phase, the usability questionnaire from [27] [28] was used to
measure the perceived usefulness and ease of use of the ACTS. The evaluation result is provided in section 5.

8. ACTS DEVELOPMENT
This section demonstrates the use case diagram, class diagram, ER diagram for developing ACTS.
Then, it presents some of ACTS interfaces with a brief explanation.

8.3 Use Case Diagram

The use case diagram visually represents the relationships between actors and use cases [29]. Actors
might be human or external systems that offer a service to the system that is being designed. Through use cases,
they can provide input and get output data. On the other hand, sequences of activities that interact with system
actors are specified in the use cases. In order to introduce the roles that interact with the functions, actors and
use cases are connected [19]. In this study, several use cases and several actors were identified by the HFA
staff during interviews. The actors can be admin, head of department, teacher, and parent. For instance, Figure
8 shows the use case diagram that depits the functional requirements of ACTS teacher.
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Figure 8: Teacher use case diagram
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8.4 Class Diagram

System classes and their relationships are depicted in a class diagram. It designates all objects -
specific entities within the system or subsystem - as well as their variables and procedures. It also displays each
class's properties and functions [19]. Figure 9 shows ACTS class diagram.

Person Child
+D: int PK +ID: int *PK
+Name: string +FemaleFamilyMembers: int
+Birthday: date +MaleFamilyMembers: int
/ Age: int q ! FamilyMembers: int
+|sMale: boolean +BirthOrder: int
+CreatedDate: date +ParentsKinship: string
+RegisterDate: date
/ DurationSpent: long
+DiagnosticDate: date
Parent +PregnancyState; string
D int “PK +BirthState: string
-In L lL~| +GrowthState: string
Account +Phone: strlng[] I 1~ +Di ‘. .
+Address: strin iagnostic: string
+ID: int *PK - 9 +Medicine: string
+Username: string *ua +Behaviours: string
+Password: string +PrioritySkills: string
+Salt: string +Parentld: int *FK
Teacher |
+ID: int *PK 1 i
. tTeacher_Chlld — Program
2in — <
+AssignDate: date :lr\? "-'tl - PK
+Teacherld: int FK + C?é:fé;[:;g' date
Head of Department +Childid: int 'FK :
+ID: int “PK
Admin
— | +ID: int *PK
Goal Performance
: +ID: int “PK
+D:int *PK .
+Note: string +sﬁme: st:ng int
. . +MinimumAge: in
+AssignDate: date Es(O)—H : i
+State: GoalState :I\Cﬂaxl?ﬁggl-\tg?alntt
+Performanceld: int *FK red e. ate. date .
+Childid: int “FK +Fieldld: int FK
: +Programld: int FK
T F
Evaluation
+ID:int “PK
+Description: string 907
+Mainstreaming: string
+Note: string <<enumeration=> Field
+EvaluationDate: date GoalState +D: int *PK
+Goalld: int *FK +Name: stri
. N Completed ame: string
+Teacherld: int FK Continuous / PerformanceCount: int
Strength +CreatedDate: date

Figure 9: ACTS class diagram
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8.5 ER Diagram

The ER diagram shows the relationship among entity sets. An entity set is a group of similar entities,
and these entities can have attributes. In terms of database management system (DBMS), an entity is a table
or attribute of a table in the database, so by showing the relationship among tables and their attributes, ER
diagram shows the complete logical structure of a database [29]. The ER diagram of ACTS is shown in Figure
10.
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Figure 10: ACTS ER diagram
8.6 ACTS INTERFACES
Figure 11 shows the login page, whereby the user can submit the username and password to use the
ACTS. New users of ACTS can be added by admin. Users are autherized based on their types, weather admin,
head of department, teacher, or parent. They are given different roles for accessing data and functions of ACTS

$2 Acrs TR

Welcome

53 ACTS

forget the password? Autism children
Technical System

%

ACTS

Autism Children Technical System

Figure 11: ACTS login page

Figure 12 depicts the ACTS home page, which contains a video about how to use ACTS, and links to
access children, special activities, programs, accounts, and settings.
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$2 AacTs

ACTS

Autism Children Technical System

Figure 12: ACTS home page
Figure 13 shows children page, in which users can explore the child data, such as name, age, gender,
register date, diagnostic, family information, priority skills, and parent. In this page. users can add a new child,
edits goals and point of strengths, as well as searching for a child by using filters or child name.

2 acrs Logout

Children

£]

g%
ACTS

Autism Children Technical System

Figure 13: Childern page
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Figure 14 depicts the programs page, whereby the programs are created by the name of the program
and how many activities contains. In addition, new programs can be added, activity, edits or delete the program,
in addition to searching for a program by using filters or program name.

$2 AcTs ’ : Logout

Programs

(]

+ Add new program

<2

&

ACTS

Autism Children Technical System

Figure 14: Programs page
Figure 15 shows the fields page, whereby the fields are created by adding its name and how many
activities contains. Moreover, a new field can be added, edited or deleted, as well as searching for a field by
filter or field name.
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$2 Acrs : Logout

Fields

c]

+ Add new field

X

ACTS

Autism Children Technical System

Figure 15: Fields page

Figure 16 depicts special activities page, which displays the activities that not been followed in the
program like the portage. It is special for some children. Furthermore, the page shows the score that he/she got
in the activity. It contains a search by filter and child name and it can edit or delete the special activity.

$2 Acrs ' Logout

Special Activities

]

2

PANG IS

Autism Children Technical System

Figure 16: Special activities page

Figure 17 shows the activities page, where all activities for a child are added. For each program, there
is an activity that directed to the field, while the age ranges are to indicate is the child performance in doing
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the activity is good or not. The search is done by the filter or the activity name. In this page, a new activity can
be added, edited or deleted.
$2 Acts | Logout

Activities

Activities of program: Portage

G

+ Add new activity

V4

P N

ACTS

Autism Children Technical System

Figure 17: Activities page

Figure 18 depicts the accounts page, whereby the admin only can add new users. Each user requires
to have name, age, username, roles, register date, phone number and address. Besides, the admin can edit or
delete an account when needed.

Accounts

B

b4

ACTS

Autism Children Technical System

Figure 18: Accounts page
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The Figure 19 shows the settings page, whereby different settings can be applied, such as changing
the language, exploring account details, and doing back up for the file, as well as recovering the system
database.

$2 Acrs e
Settings

Application Language

2

AN G IS

Autism Children Technical System

Figure 19: Settings page

The Figure 20 depicts how the ACTS supports the feature of notification for the users after doing an
activity. For example, in the children page, a new goal has been added to the goals list of “Muriel Pfannerstill”.
Directly, when checking the children page, a notification is appeared informed that a new goal has been created
for child "Muriel Pfannerstill".

$2 AcTs ' ine Logout

Children

B

<7

ACTS

Autismm Children Technical System
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Figure 20: Special activities page
Figure 21 shows the report page for the child, which contains the child's personal information, a
specific analysis of his/her goals performed, and the status of the completed or continued goals.

Child Report & Prin

2023/6/4. 2:14 PM. Sunday

Personal information

Name: Werner Kuhn

Age: 10 years

Birthdate: 2012/12/10
Gender: Female

Register date: 10 years ago

Diagnostic: I!' he replied. ‘We quarrelled last March--just before HE went mad, you know--' She had just upset the week before. 'Oh, | BEG

your pardon!’ she exclaimed in a trembling voice:-- 'l passed by his.
Family information: 8 siblings (5 girls, 3 boys)

Parent kinship:

Diagnostic date: 1895/11/30

Pregnancy state: Oh, my dear paws! Oh my dear paws! Oh my fur and whiskers! She'll get me executed, as sure as ferrets are ferrets!

Where CAN | have done that. you know." Alice gently remarked:; ‘they'd have been.
Birth state: -

Growth state: Quibusdam unde quia aut delores adipisci. Cupiditate ut ratione voluptatibus ut est deleniti. Dolorum voluptatem dolcres

beatae voluptates aut
Medicines: Enim voluptate reprehenderit odit libero id. Et qui rerum in illo in. Blanditiis error nam dolore repellendus veniam ea omnis et.

Priority skills: Impedit laboriosam laboriosam beatae aut. Et eveniet necessitatibus et quae. In aut et sed vitae veniam. Dolores explicabo
cumque repellat provident earum ad.

Parent: Werner Kuhn

Teachers: Werner Kuhn

Goals analytics

Goals state Weekly -

I Completed
Total 7] continual

P N

ACTS

Autism Children Technical System
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Figure 21: Reports page

9. ACTS EVALUATION

This section demonstrates the ACTS evaluation result obtained from the participants of HFA staff.
Five employees of HFA, who involved in daily managing childrens' data, have participated in the usability
evaluation of ACTS. They have been considered experts as they have several years, ranged between five to
twelve years, of experience in managing and practicing foundations’ work. This number of participations
should suffice as well as is an acceptable number for usability evaluation as argued by Omar, et al. [14]. To
this end, researchers explained to participants how to use the ACTS and what its functions and capabilities
are. After using the ACTS, the participants answered the usability questionnaire to evaluate the ACTS. The
questionnaire has two main categories, which are perceived usefulness and perceived ease of use. It has twelve
questions, measured in five Likert scale, whereby scale 1 corresponds to strongly disagree, scale 2 corresponds
to disagree, scale 3 corresponds to neutral, scale 4 corresponds to agree, and scale 5 corresponds to strongly
agree.

The questionnaire’s reliability has verified and demonstrated by using Cronbach Alpha. The Cronbach
Alpha is calculated to determine the item's reliability that involved in the scale. It is usually expressed on a
numerical scale from 0 which represents the lowest reliability to 1 which forms the highest reliability in the
internal reliability criterion. In this study, the reliability test of the questionnaire showed a good internal
consistency with Cronbach alpha, o = 0.87, for perceived usefulness; neverethless, it showed an excellent
internal consistency with Cronbach alpha, a = 0.92, for perceived ease of use. Overall, the questionnaire
showed an excellent internal consistency with Cronbach alpha, o =0.94. Table 2 shows the descriptive statistics
for Cronbach alpha.

Table 2. Descriptive statistics for Cronbach alpha

Usability Scales Nurr;gg;'uzi;gems Cronbach alpha
Perceived usefulness 6 0.87
Perceived ease to use 6 0.92

Questionnaire’s reliability 12 0.94

Table 3 summarizes the overall result of the usability evaluation based on mean and standard
deviation, in which N represents the number of experts participated in the evaluation.

Table 3. Overall usability evaluation

. Mean Standard

eIy SeE R N (Percentage Score) Deviation
Perceived usefulness 5 4.18 (83.60 %) 0.63
Perceived ease of use 5 4.31 (86.20 %) 0.72

The results showed that the ACTS is useful and easy to use. Evaluators stated that ACTS is a
comprehensive system had high performance for all work aspects and facilitates the management of HFA
information. They also acknowledged that ACTS data are well organized and quickly collected and retrived.
Feedback from evaluators indicated that the ACTS enhances and increases the productivity as well reduces
using papers and printing. However, participants claimed that ACTS requires minimum enhancement such as
running the system on network and supporting client-server mode. This would help all HFA staff in doing and
sharing their work in optimal time. In addition, there is a highly need to train HFA staff on how to use ACTS
to be more experts in using the developed system.

10. CONCLUSION AND FUTURE WORK

This study presented the development and evaluation of an Autism Children Technical System
(ACTS) for Hadramout Foundation for Autism (HFA). ACTS was developed in response to the significant
need for a comprehensive system for managing and controlling the technical aspects and data of autism
children, as the number of registered children has recently exceeded 200 students. In addition, the existing
systems used by HFA suffer from different problems that negatively impact the works’ effectiveness and
efficiency. To design the solution, UML was emploued, while Node.Js, Angular, and Nest.js, were used to
develop ACTS in addition to MySQL as the database platform. At the end, five participants of staff, who
involved in daily managing childrens' data, have participated in the ACTS usability evaluation. The evaluation
results demonstrated positive feedback and revealed that the ACTS is useful and easy to use.
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Future research will broaden the scope of this study by gathering more requirements and applying
ACTS not only in HFA but also at other organizations and schools that provide care for children with autism.
Furthermore, for future usability assessments, it is advised to involve over 25 participants with prior expertise
in the healthcare industry. Additionally, this research suggests examining and assessing Yemen's current state
of autism treatment facilities. In response to the recent consequences of digital transformation, it is envisaged
that adopting computerized systems can help overcome the challenges issues.
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11. INTRODUCTION
In the current research, we provide an innovative method using Dejdumrong polynomials as a
collocation technique for obtaining the solution of a system of linear second-order delay differential equations

(SDDEs) expressed in the given form.
m S

Z Z PE(Du® (aget + by) = h(),r =12, ..,5,0 <a<T<b (1)

k=0s=1

under the mixed conditions
uP(a) = pgos =1,2,...,5,k=01,..,m— 1. (2)

The delay differential equations systems play a significant role in the modeling of population
dynamics, including predator-prey relationships and HIV infection of CD4+ T cells [1-4]. In recent times,
these systems have also kept up with sustainable development for particular models, including medication
therapy for HIV infection using the system of fractional differential equations [5]. It is acceptable to express
that the analytical solutions of SDDEs are barely obtained via any analytical procedure. Thus, some efficient
numerical methods are prepared to consider this issue. So far, a Chebyshev polynomial approach has been
suggested as a solution for systems of higher-order differential equations [6]. The Taylor collocation method
has been used for linear differential difference equations [7]. The Said-Ball collocation method has been used
to solve SDDEs [8]. His method of variational iteration has been used to solve systems of differential equations
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[9]. The use of the exponential Galerkin technique and the optimum perturbation iteration method has been
suggested as potential approaches for addressing the HIV infection model pertaining to CD4+ T-cells [10, 11].
The optimal perturbation iteration method has also been applied to approach the solution of a fractional Ebola
virus disease model [12]. The Adomian decomposition method has been utilized to solve the continuous
population models for single and interacting species [13]. The use of the differential transformation approach
has been employed in order to derive solutions for systems of differential equations [14].

Having been motivated by the studies above, this study deals with an inventive numerical method
based on the Dejdumrong polynomials to readily solve SDDEs, collaborating the matrix expansions concerning
the terms in Eq. (1).

This study is organized as follows: Section 2 reveals some properties of the Dejdumrong polynomials.
Section 3 comprises the solution method via the collaboration of the matrices. Section 4 is devoted to the error
analyasis . The accuracy and efficacy of the proposed method are shown by processing two humerical examples
in Section 5. Section 6 discusses the innovations and outcomes produced by the method presented in Section
5.

12. REPRESENTATION OF DEJDUMRONG POLYNOMIAL:
A degree m polynomial can be expressed explicitly as [15, 16]

. . m
GOl -1,  for 0<i< [El -1,
. . m
(30)i(1 — 7)™, if Q= [5] -1,
D ={ S m 3)
2-3711 -7, if i isevenand i= >
m
DM ,(1—1), for [5] +1<i<m
Definition:
The monomial matrix of Dejdumrong polynomial is [15, 16]
nOO nOl e cee nom
[nlo nll Ex coe nlm
V= [ o ] @
Mo Mma " Mgy yxm+1)
where ny; is defined as
_an(s=r)ar (T +3 my
(-1 3 (s—r)’ forOSrS[Z] 1,
_1\(s—1m)ar m-—r _ E _
-1 3 (S—T)' forr—[zl 1,
m
Nys = (—DEM23™ (s i r) ) forr == andm is even, (5)
_1\(s—r)qm-r m-—r _ E
(-1 3 (s—r)’ forr—lzl+1,
_1\(s—-m+r—1)qm-r m-—r m
(-1 3 ( ) forlzl+1SrSm.

s—-m+r—3
[z] represents the greatest integer < 7, and [t] indicates the least integer > t. The following properties are
holding for the Dejdumrong basis function

i Each basis function of the Dejdumrong is non-negative | € ,
D'(t) =0,vi=0,1,-,m.

;z)im @ =1.

il. The partition of unity, I €

13. SOLUTION METHOD:
We can write any function u(t) by using the first (m + 1) terms of Dejdumrong polynomials as
follows:

N
() = ZDL-N D¢ =DV([@®) G =T@ONCG,  j=12,,]. (6)
i=0
where IV is given in Eq.(4), T(®) = [1 7 2 .. tV]andC;=[% G1 - Gn]".
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However, it is clear that the relation between the k™ derivative T (1) of T(t) is obtained by
TOE@) =T@A*, k=12, (7)
where
(i, ifj=i+1,
A= {O, otherwise. ®)
Therefore, using Eq. (7) in Eq. (6) yields
@) =T@ANC, — j=12-,]. )
In same manner, if we replace T — a;;, T + bjinto £q.(9) we get the following relation
ul(at + b)) = T(@pt + bi) AN € = T(1)B(je, b ) AN € (10)

Ifajk # 0 and b]k =0

B(ajk' bjk) =

(0) @° B () (@) b)® () @t
0 (})(ajk)l(bjk)‘) (’}’)(ajk)l(b,-kw-l
0 0 (12V ) ()" ()
0 0 0o (Y )(a,k) (b)°

Now by substituting Eq. (6) Eq. (9) and Eq. (10) in Eq. (1), Then we can express Eq. (1) in matrlx form as

where

Z Pu® (a7 + by) = H(@)

k=0

uik) (a1t + bx)

u® (a,t + by) = ugk)(az,("[ + byy)

u](,}:) (ajk‘r + b]k)

[T (0)B(ayy, by )A*NC,
T(1)B(azy, bzk)AkNCZ

i T(r)B(ajk,'bjk)AkNCj
= T()B(ax, bo)(4) V¢,

B(ay, by) 0 0 A 0 - 0
Blawby=| ¢ PP b a0 A
0 - 0 Blay by 0 o 0 A
T(z) 0 - 0 N 0 - 0
o= 7 O L LE=) YT
0 - 0 TE 0 0 N
pia(@ pi(@) - Pf](f) h, (1) C;
P.(x) = P§1‘(T) pécz‘('f) PQ{]‘(T) ) H() = hzz(T) and C = C:2 .
Ph(@ Ph@ - bl (%) Y

By using the collocation points given by

s=01,..,N.

Substituting Eq. (12) in Eq. (11), it is obtained the system of the matrix equations
m

> P T B b (1) N = H(t)
k=0

where

(In

(12)

(13)
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0 46
Py (7o) 0 0 H(z))
P, = 0 Pkg'ﬁ) . : H= H(:T1) and
0 0 P(ty) H(ty)
T () 0 0
T=| 0 T
0 . 0 T(zy)

The fundamental matrix Eq. (13) for Eq. (1) generates a system of k(N + 1) algebraic equations that can be
solved to obtain the k(N + 1) unknown Dejdumrong coefficients

WC = H or [W; H] (14)
where

W= P T()B(aw b (A) W

k=0
By using the Eq. (9), yields the conditions Eq. (2) in matrix form for j = 1,2,...,J, k=0,1,..,m—1 as
follows:

k
u @] @ 0 0 1[G [Hu
u(@)| _ 0 T(@AKN - : Ca| _ [Hax
u(a) 0 0 e T@ARNILG L Lk
Or simply
UkC:‘uk or [Uk:‘uk], k:0,1,"‘,m_1. (15)

Therefore, the conditional row of the matrices (15) is swapped out with the last rows of the matrix (14), and
we receive the new augmented matrix, which appears as

WC = H or [W; H|. (16)
If rank(W) = rank([W; H]) = k(N + 1), then, we can write
c= (W) 'R

So, the matrix C is determined uniquely, and the Eq. (1) under the coefficient equation Eq. (2) has a unique
solution. This solution is provided by Dejdumrong polynomial
N

u; (1) = uj (1) = Z ¢in D} (7).

4. RESIDUAL ERROR ESTIMATION AND IMPRO\r;EOMENT OF SOLUTIONS
The actual error functions are defined as
ejn(t) = uj(r) —u;n(7), j=12,..,k
where u; y (7) and ;(7), represent the approximate solutions and the exact solutions respectively.
Let's first define the residual function. The Dejdumrong polynomial solutions are expressed in the system (1)
as

Rin(D) = Z P (U@ + Z P Ou @ + Z Poy (D (D) = (@), = 12, ., .
or briefly, we can wrlte as
k

k k
Z Py; (T)uﬁv) () + Z Py (T)u;‘ll\? (t) + Z Py (T)uj,N () (17)
i=1 j=1 j=1

= hi(7) = Ry n (7).
On same manner, The Dejdumrong polynomial solutions are expressed in condition Eq. (2) as

Z ® @) = uyi=12,..., k. (18)

Secondly, the system of error dlfferentlal equations is obtained as if Eq (17) is subtracted from Eq. (1).

ZPz,j(r)[u} '@ - @] +ZP1,(T)[u“)(r) (@) +ZP0,(r)[u,(r) Uy (@] = ~Rin (0).
=1

instead, we may use the short form
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a47
k k k
> Py@[eR@] + ) @R @]+ Poy@en @] = ~Rin (.
Afterward likewi]szel, if Eq. (18) li{s subtr;l:tled from Eq. (2), theflzvlve obtain in the form
Z(ul.(r)(a) - ug\?(a)) =u,r=0,1,..,m—1.
we might also use the short fo}fr?ll
Z egv)(a) =u,r=01,...m—1 (19)
As a result, we arrive at apprio=x1imations of sol;qltions to the error problems Eq. (18) and Eq. (19)in the form
Cinm = z BinDn(D)yi =12, .., k.
n=0

Therefore, by the amalgamation of the approximate solution to the error issue and the approximate solution
itself, we are able to derive an improved approximation in the specified format.

U nm(T) = uyn (T) + € n m-
Finally, we get the error function of the improved approximate solution in the form.

Einm(T) = ui(7) — ujy M (7).

28
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Figure 11. Comparing approximation solution numerical results with various N values for u, (7).
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Figure 12. Comparing approximation solution numerical results with various N values for u, (7).
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Figure 13. Comparison of the absolute errors of u4(t) and u,(t) Example 2

5. RESULTS AND DISCUSSION

This section uses two illustrated examples to demonstrate the method's effectiveness and accuracy. In
that case, a computer program on Matlab R2021a is developed following the mainframe of the method. The
Dejdumrong polynomial solutions u;y, corrected Dejdumrong polynomial solutions wu;yy = u;y(7) +
ejn,u(t) and error function e; v (1) = u;(r) — u;y(7) are calculated. As a result, tables and figures directly

summarize and compare the computation results of the examples.
Example 1: First, we are considering the system of linear delay-differential equations [17]

{ugz)(r) +tu(t— 1) + tuy(r) =212 —13 -2,
ugz)(r) + 2tu,(t — 1) + 27u, (1) = 412 — 275,
and the initial conditions u,(0) = 0,u,(0) =1, uil)(O) =1and ugl) (0) = 1 with the exact solutions are
u; (1) =1 —14uy(t) =7+ 1. for N =2, the approximate solutions u;(7),j = 1,2 by the Dejdumrong

(20)

polynomial
2

42(0) = ) D).
n=0
Firstly, the set of collocation points are {TO =0,7; = é, T, = 1}, and from Eq. (14), we write the fundamental
matrix equation of the problem as

{PTA" + B, TB(1,~1) + B,TBLO)} C = H

h
e POO) 0 0 B (0) O 0
p=| o m; o [P@=[y I m=| 0 mé) o [B@=[; 1.5
0o 0 P 0 0 B(D)
B.(0) 0 0
_ 1 10 =
=l o Be o |AO=[,
0 0 RO )
TO) 0 0
_ T 0171= _1
T(T):[g) T(T)],T= 0 TR o
0 0 T()
01 0
Z:é g],/l= 0 0 2]
000
§(1,—1)=[B(1b_1) B(l?_l)],B(l,—1)= 0 1 —2]
1.0 0
7004 olann-] 5 1
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2 -4 2 0 0 O
0 0 0 2 4 2
W = 25/8 -19/4 17/8  1/8 1/4 1/8
1/4 1/2 1/4  17/4 -11/2 9/4
3 -4 2 0 0 1
0 0 2 4 -4 2
U, 1 00 00 0
U= U; _ 0 00 1 00
U~ |-2 2 0 0 0 0
Us 0 00 -2 2 0
Replace the last four rows of W by U yields
2 -4 2 000 ;5 -2 0
0 0 0 2 —4 23 0 1/2
[W; G| = (1) 8 8 (1) 00 00 (1) , Therefore € = (1) :
-2 2 0 0 0 0 ;5 1 3/2
0 0 0 -2 2 0 5 1 2
Hence,
u;(t) =t —1?and u,(r) = v + 1. are the approximate solution which is similar to the exact
solution.

Example 4.2. Consider a system of second order delay differential equations [18]

{ugz)(‘r) —u (1) + Uy (1) —u (= 02) = —e" %2 77, o1

ugz)(T) + U (T) — Uy (1) — Uy (T — 0.2) = —e 7102 4 7,

Subject to the initial conditions

1, (0) = utP(0) = 1,u,(0) = 1 and u”(0) = 1.
The exact solution of the problem is u; () = e® and u,(7) = e~".
Tables 1 and 2 compare the absolute errors to [10] with the suggested method at N = 10 and M = 12. Tables
3 and 4 display absolute errors and correction errors discovered using the proposed technique and [10, 19] for
N =14 and M =16. However, Figures 1 and 2 depict the approximations for various values of N. It is
evident that as N increases, the approximate solutions derived by the method used closely align with the exact
solutions, while Figure 3 displays the absolute error for u,(7) and u,(7) when N = 9.

Table 5. Comparison of the absolute errors ey for N = 10 for u,(t) of Eq. (21)

7, | Ref[19] Ref [18] PM
0=v=-1/2 €110 €101
0.1 4.3E-6 7.5884E-14 1.02637e-15 1.28826e-16
0.2 2.8E-5 2.1963E-13 1.72420e-15 3.16876e-16
0.3 8.1E-5 3.1027E-13 1.06733e-15 5.10688e-16
0.4 3.0E-4 45289 E-13 2.80113e-15 7.14267e-16
0.5 7.3E-4 6.3948 E-13 4,59342e-15 9.31397e-16

Table 6. Comparison of the absolute errors ey for N = 10 for u,(t) of Eq. (21)

7, | Ref[10] Ref [18] PM

o=v= _1/2 eZ,lO e2,10,12
01 | 4.1E-6 3.5036 E-14 1.59799E-15 6.23645e-17
02 | 22E5 1.0140 E-13 1.77660E-15 1.54125e-16
03 | 45E5 1.4675 E-13 4.61457E-15 2.51117e-16
04 | 14E-6 2.1655 E-13 6.98641E-15 3.56744¢e-16
05 | 2.6E-4 3.0890 E-13 9.48258E-15 4.74490e-16
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Tables 5—6 demonstrate that the corrected absolute errors get closer to zero as M increases. As a result, we can
conclude that the Dejdumrong polynomial solutions method is particularly efficient for the system of

Table 7. Comparison of the absolute errors ey for N = 14 for u,(t) of Eq.(21)

T; Ref [18] PM
b=v=0 b=v= 1/2 e1,14 el,14,16
0.1 1.2882E-16 9.2420E-17 3.70057E-19 6.84999e-22
0.2 2.6693E-18 6.3736E-18 8.74132E-19 1.63757e-21
0.3 7.5158E-17 1.1398E-16 8.19378E-19 2.62505e-21
0.4 1.1714E-16 3.6547E-17 5.64073E-19 3.66455e-21
0.5 5.2956E-16 1.2615E-16 1.74023E-18 4.78091e-21
Table 8. Comparison of the absolute errors ey for N = 14 for u,(t) of Eq.(21)
T Ref [18] PM
O=v=0 O=v=1/2 €214 €21416
0.1 2.3027E-16 1.7771E-17 1.52292E-19 3.07513e-22
0.2 1.8795E-16 3.9806E-17 3.90163E-19 7.37858e-22
0.3 1.5197E-16 6.0848E-17 9.40023E-19 1.19395e-21
0.4 2.5009E-17 1.9433E-16 1.68942E-18 1.69145e-21
0.5 4.6413E-17 1.4602E-16 1.65901E-18 2.25002e-21

differential equations (21).

Table 9. Comparison of |E1,N,M| corrected absolute errors for N = 3 and M = 4, 6,9 of the Eq. (21)

T Ref [20] PM
|E1,3,4| |E1,3,6| |E1,3,9| |E1,3,4| |E1,3,6| |E1,3,9|

0.0 | 0.00E+00 | 0.00E+00 0.00E+00 0.000E+00 | 0.000E+00 | 0.000E+00
0.1 | 2.865E-4 1.492E-6 6.747E-11 2.865E-06 1.492E-08 7.309E-13
03 | 3.607E-3 9.983E-6 1.916E-10 3.607E-05 9.982E-08 3.319E-12
05 | 5.375E-3 1.807E-5 4.171E-10 5.375E-05 1.807E-07 5.870E-12
08 | 3.474E-2 4.510E-5 1.754E-11 3.474E-04 4.509E-07 1.181E-11
1.0 | 2.074E-1 8.450E-4 7.558E-08 2.074E-03 8.450E-06 7.238E-10

Table 10. Comparison of |E2,N,M| corrected absolute errors for N = 3 and M = 4, 6,9 of the Eq. (21)

T, Ref [20] PM
|E2,3,4| |E2,3,6| |E2,3,9| |E2,3,4—| |E2,3,6| |E2,3,9|
0.0 | 0.00E+00 | 0.00E+00 0.00E+00 0.000E+00 | O0.000E+00 | 0.000E+00
0.1 | 1.920E-3 | B8.381E-7 4.711E-10 1.920E-06 8.378E-09 3.418E-13
0.3 | 2.376E-3 | 5.674E-6 2.280E-09 2.376E-05 5.672E-08 1.541E-12
05 | 3.798E-3 1.055E-5 3.171E-09 3.798E-05 1.055E-07 2.614E-12
0.8 | 1.931E-2 | 2.582E5 2.912E-09 1.931E-04 2.581E-07 4.741E-12
1.0 | 9.957E-2 | 3.713E-4 1.288E-08 9.957E-04 3.713E-06 2.954E-10

6. CONCLUSIONS

SDDEs have been suitably solved by the present method based on the Dejdumrong polynomials and the
collaboration of the matrices of the terms in the system (1). In that case, a computer program of the method has
managed to perform its routines on a considered example. Thus, the numerical and graphic investigations have
revealed the broad applicability and practicality of the present approach. The current method sheds light on
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new aspects and advancements regarding the use of combinatorial polynomials in SDDEs. Thereby, one can
admit that the present method is inventive and straightforward in employing the systems of integro-differential-
delay and nonlinear differential-delay equations. Of course, some modifications can be implemented.
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