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Abstract: Arabic Natural Language Processing (ANLP) is an area of Artificial Intelligence (AI) that enables computers to 

process and understand Arabic text and speech. It powers applications such as translation, sentiment analysis, and speech 

recognition, opening new horizons. However, despite the worldwide popularity of Arabic, ANLP is lagging. The Arabic language 

possesses unique linguistic features that complicate computational processing. In this context, our article seeks to explore these 

challenges and examine Arabic’s inherent characteristics in orthography, morphology, grammar, syntax, and linguistic 

diversity, which contribute to the complexities of its Natural Language Processing (NLP). Indeed, the main challenges are the 

diversity of dialects, the morphological and syntactic richness of Arabic, diglossia, and the absence of short vowels. In addition, 

the scarcity of Arabic resources further complicates NLP efforts. This review can serve as a guide for practitioners in the field 

of Arabic NLP, whether they are computer scientists or linguists. It also calls on the Arab community scientists to take steps to 

meet the potential challenges and increase efforts in the field to promote Arabic NLP. 
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1. Introduction 

Nowadays, technological advances affect every area of 

human daily life. Traditional data processing, which 

relies exclusively on humans, is no longer relevant in 

the face of the efficiency brought by these new 

technologies. Language, as an important human 

activity, will not escape the rule. Using these 

technologies, and in particular Artificial Intelligence 

(AI) techniques, linguistic data will be processed 

automatically through what is called Natural Language 

Processing (NLP). It consists of developing computer 

programs based on AI algorithms capable of automatic 

translation, spelling and grammar checking, language 

didactic, and so on [41, 57, 80]. Progress is being made 

despite the major challenges, and research is continuing 

with the aim of achieving advanced levels of automatic 

human language processing, in which the machine 

becomes completely autonomous without human 

assistance [53, 82, 96]. 

Language can be defined as a set of rules or symbols 

where these symbols are combined and used to enable 

communication between human beings by transmitting 

or disseminating information [47, 64, 83]. The famous 

linguist Chomsky [35] says that “language is the 

inherent capability of native speakers to understand and 

form grammatical sentences. A language is a set of 

(finite or infinite) sentences, each finite length 

constructed out of a limited set of elements”. Linguistic 

diversity is an important aspect of human culture and  

 
communication. Thousands of languages co-exist in the 

world. Although it is difficult to determine the exact 

number of languages, it is estimated that between 5,000 

and 7,000 languages are spoken worldwide and around 

300 writing systems [5, 99]. Some languages are spoken 

by just a few people, while others are spoken by millions 

or even billions, such as Mandarin Chinese, and 

English. Among the five most spoken languages in the 

world, is the Arabic language [61]. Arabic is the official 

language of 22 countries, the mother tongue of over 400 

million speakers, and is considered to be the 4th most 

widely used language on the internet [30]. Arabic is also 

the Semitic language of the Quran, with a rich and 

complex morphology that differs significantly from 

Latin languages such as English and French. 

Furthermore, Arabic can be categorized into three main 

varieties [53]:  

1. Classical Arabic (CA) which is the form of the 

Arabic language used in literary texts composed by 

early Arab scholars. The Quran can be considered as 

the highest form of CA texts. 

2. Modern Standard Arabic (MSA), used for formal 

writing and conversation. It morphologically and 

syntactically resembles CA, although CA’s style is 

much richer [87]. 

3. Arabic Dialects (AD) which are used in everyday life 

communication and informal exchanges. These 

dialects are mainly divided into Egyptian, Levantine, 

Gulf, Iraqi, Maghrebi, and others. They are 
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geographically distributed in the 22 countries of the 

Arab world [53].  

For all these reasons and others, the Arabic language is 

of considerable importance and deserves to be a subject 

of study. 

On the other hand, linguistics is the scientific study 

of language in its particular properties and 

characteristics in general. It is a multidisciplinary field 

that involves the study of sounds or phonology, word 

morphological formation, grammatical structure of 

sentences, meaning and semantics, language 

acquisition, language processing, and the relationship 

between language and other aspects of human behavior 

[93, 103]. Linguistics also encompasses several 

important subfields, among others, Computational 

Linguistics (CL) and NLP. While CL is more concerned 

with the theoretical and mathematical foundations of 

language processing, the NLP focuses on the practical 

implementation of algorithms and models for 

processing natural language. They both contribute to our 

understanding and development of language processing 

systems by analyzing and processing human language 

using mathematical models and algorithms. They aim to 

enable computers to understand statements or words 

written or spoken in human languages to facilitate 

human machine communication and to satisfy the desire 

to communicate with the computer using natural 

language. NLP can be categorized into two parts: 

Natural Language Understanding (NLU), which enables 

NLU and analysis by machines (extracting concepts, 

entities, emotions, keywords, etc.,); and Natural 

Language Generation (NLG), which evolves the task to 

make the machine understand and generate language. 

NLG is the process of producing expressions, sentences, 

and paragraphs that make sense [64]. 

While NLP research is making considerable 

progress, particularly in Latin languages such as 

English, the results increasingly show the importance of 

working with languages other than English. Given the 

importance of Arabic as a widely spoken language, 

extending NLP works to Arabic can lead to more 

inclusive and effective applications that address a large 

and diverse population and explore other cultures. 

However, Arabic NLP suffers, until today, from 

enormous delays despite the efforts made in the form of 

workshops, conferences, resource development, etc., 

[23, 52, 81]. Arabic NLP is particularly challenging due 

to several factors. It is known as a complex language, 

with a rich vocabulary, intricate grammar, and multiple 

dialects. To go further in this field, and give Arabic 

automatic processing a promising future, we first need 

to identify all the causes hindering its development. 

Then, the annotation of linguistic data is essential for 

creating diverse resources, designing and improving 

linguistic models, and prioritizing research to overcome 

these ambiguities and challenges. Our work is part of 

this approach, in which we will attempt to identify the 

various causes and specifications that may explain this 

delay. We will try to give researchers and developers, 

whether computer scientists or linguists, the main 

reasons and information they need to work with Arabic 

NLP. 

The remainder of this document is organized as 

follows: Section 2 addresses the related work. Section 3 

gives an outline of human languages and linguistics, 

which form the general context of our study. Section 4 

describes CL and NLP. An overview of the Arabic 

language is given in section 5, while the specific 

features that make it a challenge for NLP will be 

reviewed in section 6. In section 7, the current situation 

of the Arabic NLP is discussed. Section 8 is devoted to 

the conclusion and perspectives. 

2. Related Work 

Arabic Natural Language Processing (ANLP) presents 

many challenges due to the language’s complex 

morphology, intricate grammatical structures, dialectal 

variations, data limitations, and punctuation 

inconsistencies. These complexities significantly 

impact NLP tasks and require specialized approaches to 

improve performance and accuracy. Recently, the 

subject has become increasingly important and widely 

addressed, given the importance of both the Arabic 

language and automatic human language processing. In 

the following, we aim to provide a summary of relevant 

related work. 

Morphologically and grammatically, Arabic is a 

highly inflected language, where a single root can 

generate several derived forms, making it difficult to 

recognize words and extract meaning. NLP in Arabic 

faces significant challenges due to the complexity of the 

language. Issues such as orthographic ambiguity, and 

morphological richness make processing Arabic 

particularly difficult [10, 79]. In addition, the richness 

of Arabic derivational processes contributes to 

polysemy, requiring advanced algorithms to accurately 

interpret context. The grammatical complexities of 

Arabic, such as subject-verb agreement, case marking, 

and non-concatenated morphology, further complicate 

automated text processing [72]. Ambiguous diacritics, 

lack of capitalization, broken plurals, and semantic 

intricacies are other challenges that complicate ANLP 

tasks [46]. 

Dialect variations and informal language are major 

challenges for Arabic NLP. The difficulties of NLP in 

Arabic stem from the significant differences between 

MSA and the multitude of regional dialects, which 

affect the consistency of text processing [10, 73]. In 

addition, many social media and conversational texts are 

written in dialects, and the informal nature of dialectal 

Arabic introduces ambiguity, making NLP tasks, like 

sentiment analysis, topic classification, and Named 

Entity Recognition (NER), particularly challenging 

[19]. 
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Another issue hindering the progress of NLP in 

Arabic is the difficulty of text pre-processing and data 

limitations. Text preprocessing techniques, including 

normalization, tokenization, and stemming, are 

especially challenging to implement due to Arabic’s 

unique character set and grammatical rules [76]. The 

lack of high-quality annotated datasets exacerbates 

these challenges. As a result, the effectiveness of 

machine learning approaches is limited. Studies have 

highlighted the need for better pre-processing 

techniques to improve the performance of Arabic NLP 

systems [1, 73]. 

The inconsistencies in Arabic punctuation, shaped by 

its distinct syntactic structures, create challenges for 

NLP applications, particularly in detecting sentence 

boundaries and predicting punctuation. The legibility 

and consistency of machine-generated text have been 

improved through the development of annotated 

datasets on Arabic punctuation [102]. 

However, recent advances in deep learning, 

particularly transformer-based models such as Arabic 

Bidirectional Encoder Representations from 

Transformers (AraBERT) [23], have shown significant 

improvements in Arabic NLP tasks, outperforming 

traditional models such as Recurrent Neural Network 

(RNN) and Convolutional Neural Network (CNN). In 

[73], a comparative study showed that transformer-

based models achieve better accuracy in a variety of 

language processing tasks, including sentiment analysis 

and Machine Translation (MT). 

A growing area of research is the integration of 

Arabic language skills into Large Language Models 

(LLMs). Recent studies have highlighted the need for 

appropriate datasets and models to improve the 

performance of Arabic LLMs, with a focus on security, 

dialect diversity, and cultural adaptation [9, 17, 26, 74]. 

Conversely, while progress on LLMs in Arabic is 

promising, issues such as the under-representation of 

dialects and the need for comprehensive security 

measures persist, suggesting that further research is 

crucial to realize the full potential of LLMs in Arab 

contexts. 

After this brief review of the literature, we can see 

that no paper addresses the subject in its entirety, i.e., a 

document that deals with all the challenges of the Arabic 

language for its automatic processing. The 

morphological and grammatical challenges have been 

addressed by the authors of [10, 46, 72, 79]. The aspect 

of AD variation and the widespread use of informal 

Arabic is highlighted by the authors of [10, 19, 73]. In 

[1, 73, 76], the difficulties of the pre-processing of 

Arabic texts and the lack of linguistic data are discussed. 

The syntactic structures of the Arabic language were 

studied by Yagi et al. of [102]. Concerning the 

integration of LLMs in the Arabic language, Ashraf et 

al. [26] and Aloui et al. [17] have stated the need for 

appropriate data sets and models. To provide the 

scientific community with a single reference document, 

our article will try to summarize all these and other 

aspects and characteristics of the Arabic language that 

may pose a challenge to its automatic processing. It also 

provides some key statistics and findings that illustrate 

the current state of research and resources in this area. 

3. Human Languages and Linguistic 

Science 

3.1. Human Languages 

With the primary purpose of satisfying the natural need 

for communication between humans, several languages 

come into existence. Language constitutes a 

communication form that is specific to human beings. It 

can evolve naturally or intentionally constructed, but in 

either case, its main characteristic is its use for 

communication between humans. It is used to express 

an infinite variety of meanings (thoughts, feelings, 

ideas, etc.,) in a complex and dynamic system that varies 

from one culture and region to another, by combining 

specific discrete units of sound, symbols, words, 

grammatical structures, and even gestures. Every 

language is a set of knowledge and skills that allow the 

speakers of the language to communicate with each 

other, to express ideas, assumptions, emotions, desires, 

and all other things that need to be expressed [85]. 

Among the human language characteristics is that the 

same concept can be represented with the same utility 

by different words. Sometimes these words are even 

very different from one language to another. 

Although there may be historical links and 

connections between different languages, the absolute 

implication that they evolved from a single original 

language is not always true. Despite this, many studies 

have initially sought to trace the roots of language back 

to a single source [106]. It is interesting to note that 

human language is not always used to communicate 

with other humans and in some cases is incorporated 

into other languages. Taking the example of the 

language used to train and command animals, although 

it is inspired by human language, it cannot be used by 

both parties for full communication. 

Like all aspects of human life, language evolves, over 

time, in a complex way and there are many different 

theories about how it developed [51]. Individuals 

acquire one or more languages during their childhood 

and can be considered native speakers of these 

languages [107]. There are about 5,000 to 7,000 

different languages worldwide. They are distinguished 

in their vocabularies, their sounds, and their 

grammatical rules. Although there are many different 

languages, each has the same value for communicating 

thoughts, even if they do so in different ways, but their 

main purpose is the same in all human cultures [5, 91]. 

One of the most important human languages in the 

world, the Arabic language. Arabic is the mother tongue 

and the first language of over 400 million people in the 
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22 countries that make up the Arab world from the 

Atlantic Ocean to the Persian Gulf. It is also the fifth 

most spoken language in the world, and one of the six 

official languages of the United Nations [14, 36]. Arabic 

is indeed linked to Islam, as it is the language in which 

the Quran, the sacred book of Islam, was revealed. 

Muslims the world over use it for religious rituals and 

prayers. All Muslims pray five times a day and perform 

other rituals in Arabic, even if it’s not their mother 

tongue, which shows the importance of the Arabic 

language worldwide [6]. 

Following all that has been said before, regarding the 

dynamism, complexity, and even the continuous 

evolution of human languages, it is impossible to define 

it completely, because the subject is still very 

controversial. Among others, the origin of languages 

and even how humans acquire languages are not fully 

understood, making the study of human languages a 

constantly evolving field. Furthermore, the study of 

human language (linguistics) is an interdisciplinary 

field that can encompass sociology, psychology, 

neuroscience, and computer science, among others [31, 

32, 84]. 

3.2. Linguistic Science 

As mentioned earlier, human language is a set of 

knowledge and skills that allow us to communicate with 

each other and express our ideas. Linguistics, also 

known as linguistic science, is the study of such 

knowledge and skills in all their aspects. It consists of 

the language’s scientific study, including its structure, 

grammar, syntax, semantics, phonetics, and phonology. 

Linguists (experts in linguistics) dive into the analysis 

of the form, meaning, and context of language. They 

analyze grammar or syntax, semantics or the speech 

meaning, or how language is used in context. They use 

scientific procedures such as data gathering, 

investigation, and analysis. Empirical methods also are 

used to analyze linguistic data and thus provide 

objective and systematic descriptions and explanations 

of linguistic phenomena [67]. Indeed, the main focus of 

linguists is to comprehend the nature of language in 

general by asking questions such as: 

 What are the common characteristics of all human 

languages? 

 What is the relationship between language and other 

types of human behavior? 

 What are the links between the modes of linguistic 

communication (speech, writing, sign language)? 

Language is a multi-layered phenomenon, from the 

sounds produced by speakers to the meanings these 

sounds express, encompassing various aspects and sub-

subfields. These subfields help us to understand the 

different dimensions of language and its use [89]. Most 

professional linguists specialize in one or more of them. 

The main ones are: 

3.2.1. Phonetics 

Phonetics is a linguistics branch that studies the sounds 

of human speech. It is concerned with the physical 

properties of speech sounds, how these sounds are 

produced and perceived by humans, and how they are 

represented in written language. Phonetics is concerned 

with the anatomy and physiology of the vocal tract, and 

how waves move through it to produce speech sounds. 

It is also interested in the acoustic properties of speech 

sounds, the way they are pronounced, and their 

classifications. Phonetics is an important study era that 

allows us to understand how language is produced and 

how it differs from one language to another [58, 108]. 

Phonetics experts’ study both the production of speech 

sounds by the human speech organs (articulatory 

phonetics) and the sound features themselves (acoustic 

phonetics). 

3.2.2. Phonology 

Phonology is the branch of linguistics that is focused on 

how speech sounds are organized in a language and the 

basic rules that govern the combinations of these 

sounds. Phonology studies both the physical properties 

of speech sounds (phonetics) and the abstract 

relationships between these sounds (phonemes). The 

aim is to analyze the sound structure of a language and 

understand its underlying form. Simply put, phonology 

is the study of the sound features of languages and how 

they are used to communicate meaning [58]. 

3.2.3. Morphology 

Morphology in linguistics is the study of how words are 

formed and their internal structure. It consists of 

analyzing the smallest units of meaning in language, 

called morphemes. In other words, how to distinguish 

between roots and affixes in the composition of words, 

and how they can be combined to create different words. 

Morphology is essential for understanding how words 

are structured or composed to convey meaning in 

language [24, 69, 100]. 

3.2.4. Syntax 

Syntax is the set of principles, rules, and processes that 

shape the structure of sentences in a language. It is the 

study of how elementary words or sound units are 

combined to form larger units such as clauses, phrases, 

and sentences, and how these units are organized to 

create meaning. Syntax deals with issues such as the 

order of the words in sentences, how they are grouped 

to form sentences and clauses, and the relationship 

between different sentence parts. Overall, syntax is 

concerned with the grammatical structure of language, 

rather than with its meaning or expression. Syntax in 

linguistics is important for a good understanding of the 

differences between languages, as well as how language 

is learned and processed. It is a crucial element of 
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linguistic analysis that helps us understand many other 

linguistic concepts such as semantics and morphology 

[8, 33, 70]. 

3.2.5. Semantics 

Semantics is a linguistics branch that focuses on the 

sense of words, phrases, sentences, and larger units of 

speech. It is interested in how language users make 

meaning, and how they interpret and understand 

meaning in the context of their interactions. Semantics 

is associated with syntax, while syntax is concerned 

with the formal rules of language, semantics deals with 

the meaning that these rules transmit. Several levels of 

semantics can be differentiated, lexical semantics, 

which deals with the meaning of single words; phrasal 

semantics, which examines the meaning of phrases 

composed of several words; and sentential semantics, 

which examines the meaning of whole sentences [27, 

50]. 

3.2.6. Pragmatics 

Pragmatics is a discipline in linguistics that looks at how 

the context affects the meaning of a sentence. It interests 

in how speakers use language to transmit meaning and 

how listeners interpret that meaning in light of various 

contextual factors. Pragmatics goes beyond the literal 

meaning of words and sentences to take into account 

elements such as the social context. Pragmatics focuses 

on conversational implicatures, that is, what a speaker 

implies and what the listener infers [34, 68]. 

Furthermore, linguistics also encompasses other 

aspects such as how languages are formed and how they 

function, as well as, the historical and social contexts in 

which they are used and evolved, and the relationship 

between languages, cultures, and societies [25]. 

Consequently, linguistics is a highly interdisciplinary 

field that involves the study of language in a wide range 

of contexts [7, 40], such as sociolinguistics, where the 

language is studied in its relation to society [60]; 

psycholinguistics, language and its relation to the mind 

[92, 94]; and CL, which consists of studying processing 

language by computers [37, 64, 71]. 

4. Computational Linguistics and Natural 

Language Processing 

CL is a sub-field of linguistics that combines the 

theories and results of linguistics in all its research areas, 

such as phonetics, phonology, syntax, semantics, etc., 

with computational techniques, mathematical models, 

and algorithms to study and analyze human language. 

This involves the scientific study of language and its 

underlying structure to understand its meaning and 

construction so that it can be modeled using computer 

models and algorithms. That is to say, CL applies 

computational techniques to linguistic data (speech and 

text) to achieve a better understanding of linguistic 

phenomena. It seeks to understand how humans use 

language and how this can be modeled and represented 

in machine-readable form, by designing models and 

algorithms to automate linguistic analysis tasks, such as 

sentence parsing, semantic information extraction, or 

language model generation [78, 90]. 

While CL aims to use mathematical methods and 

algorithms to better understand linguistic phenomena, 

NLP focuses on developing practical applications that 

enable computers to understand, interpret, and produce 

human language. It should be noted, however, that there 

is often an overlap between CL and NLP, as they are 

closely related fields. Whereas, NLP uses techniques 

from CL to develop models and algorithms to process 

human language. In another way, CLencompasses much 

more than NLP, as it also covers text mining, 

information extraction, and more [98]. NLP is an 

interdisciplinary field that combines computer science, 

CL results, and machine learning models to process 

human language. It is a sub-field of AI and computer 

science that deals with the automatic processing of 

linguistic data, which enables computers to understand, 

analyze, and generate human language. This allows us 

to bridge the gap between human communication and 

computer understanding, enabling and facilitating the 

way humans interact with machines [42]. 

Recently, with the increased interest in human-

machine communications, NLP has seen rapid and 

remarkable progress thanks to technological advances, 

computing power, and the reliability of machine 

learning algorithms [96]. LLMs advanced AI models 

designed to process and generate human-like text based 

on deep learning techniques, particularly transformer 

architectures, where multi-head attention layers are 

stacked in a deep neural network. These models contain 

hundreds of billions (or more) of parameters. They are 

trained on large amounts of text data, enabling them to 

understand linguistic patterns, context, and semantics in 

a wide range of domains [105]. LLMs can learn from 

context and adapt to different tasks through fine-tuning 

or prompt engineering. Currently, LLMs such as GPT-

4 [28], BERT [65], and Galactica [95] can perform a 

variety of NLP tasks, including text generation, 

translation, sentiment analysis, question answering, and 

summarization. These enable humans to interact with 

computers more naturally and intuitively, making the 

machine capable of processing and understanding 

natural languages, which opens the door to a variety of 

applications. There exists a wide range of real-life NLP 

applications, in the following we list some of the most 

common [64]: 

 Chatbots and Virtual Assistants 

NLP is used to develop intelligent chatbots and virtual 

assistants, both of which are AI-based software 

programs that interact with humans, capable of 

understanding and responding to human queries and 

commands. This is leading to the production of systems 
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capable of enabling robots to interact with humans in 

natural languages, such as Google’s assistant and 

Amazon’s Alexa. 

Arabic chatbots and virtual assistants are working to 

evolve and overcome language challenges. Major tech 

companies such as Google, Amazon, and Microsoft 

have introduced support for Arabic in their virtual 

assistants (Google Assistant, Alexa, and Cortana). 

There are also local initiatives to develop AI-enabled 

Arabic conversational agents using models such as 

AraBERT, enhancing chatbot accuracy in industries like 

banking and customer service (healthcare, and e-

learning) [11, 23]. However, issues such as Arabic’s 

rich morphology, ambiguous diacritics, numerous 

dialects, and lack of data are hindering the progress of 

Arabic chatbots and virtual assistants to make them 

more effective and accessible [15]. 

 Information Extraction and Text Mining 

Information extraction is the process of outputting and 

extracting structured information from unstructured or 

semi-structured data sources, such as text documents or 

web pages. This operation involves NLP techniques to 

analyze and understand the content of the target source 

and identify relevant information such as named 

entities, relationships between them, and linked events. 

In many cases, extracting entities such as names, 

locations, events, dates, times, and prices is a powerful 

way to obtain information relevant to a user’s needs. 

Information extraction and text mining in Arabic 

have seen some progress in recent years, thanks to 

advances in NLP and AI techniques. Pre-trained models 

such as AraBERT and Collaborative Arabic Multi-

dialectal Enhanced Language Bidirectional Encoder 

Representations from Transformers (CAMeL-BERT) 

have improved Arabic text mining, enabling better NER 

topic modeling [18, 43]. Arabic text mining is 

commonly applied in the financial, health, and 

government sectors for purposes such as fraud 

detection, opinion mining, and automated document 

processing. However, difficulties remain due to the 

complexity of the Arabic language, including its rich 

morphology, dialectal variations, and the lack of high-

quality annotated datasets. 

 Text Summarization 

Summarizing long documents is one of the important 

NLP applications. It consists in condensing and 

summarizing a long text document into a short, concise 

text. Text summarization has become more accessible 

and efficient thanks to AI algorithms and online tools, 

which offer major advantages such as a significant 

reduction in reading time, key information extraction, 

and generating summaries for various purposes. 

Automatic summarization of Arabic text has recently 

become more efficient thanks to the efforts and 

improvements made in the Arabic NLP. To improve 

summarization accuracy, researchers have developed 

extractive and abstractive summarization models using 

the AraBERT, T5, and Seq2Seq architectures [4, 46, 59, 

101]. Arabic summarization is commonly used in news 

aggregation, legal document processing, and academic 

research, with the availability of datasets and the 

adaptation of AI models constantly improving. 

However, challenges remain due to Arabic language 

issues. 

 Speech Recognition 

Also known as Automatic Speech Recognition (ASR) or 

speech-to-text, which is the ability of a machine or 

program to identify words spoken aloud and convert 

them into readable text. It is a capability that enables a 

program to convert human speech into written form. 

This technology represents a giant step towards simple 

and practical communication between man and 

machine, which allows it to acquire great importance. 

Speech recognition plays a crucial role in voice 

assistants, dictation engines, language-learning 

applications, etc. 

Arabic speech recognition has made significant 

strides. Several systems now support Arabic, including 

Google speech-to-text, International Business Machines 

(IBM) Watson, and Mozilla DeepSpeech. In addition, 

regional initiatives such as Qatar Computing Research 

Institute Automatic Speech Recognition (QCRI ASR) 

and Arabic speech corpus are making significant 

contributions to its development [21, 75]. However, 

dialect diversity, lack of labeled speech data, phonetic 

ambiguity, and other problems related to the Arabic 

language remain. 

 Machine Translation (MT) 

MT is considered one of the most important NLP 

applications, and its value has increased with Internet 

democratization. MT is the use of automated software 

to translate text from one language to another without 

human intervention. MT has remarkably facilitated 

communication between people of different languages 

and cultures. This has made it possible to draw on the 

immense wealth of knowledge in the different 

communities. It’s a technology that has evolved, and 

with the advent of AI, Neural Machine Translation 

(NMT) is considered the most accurate and advanced 

approach. Nowadays, automatic translation engines 

enable translation from and into several languages, for 

example, Google’s translation engine enables 

translation into over sixty languages. Nevertheless, 

despite all these advances, MT still has its limitations 

and can come up against complex linguistic structures 

and cultural nuances. 

Advances in NMT and deep learning have been 

instrumental in improving Arabic MT. Arabic-English 

translations are remarkably reliable in most models, like 

Google Translate, Microsoft Translator, and Meta’s No 

Language Left Behind (NLLB). Specialist models such 

as AraT5 and MARBERT enhance performance [3, 77]. 
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Despite the problems associated with the Arabic 

language, research is underway into Arabic dialectal 

translation and context-aware models to improve 

accuracy and fluency. 

 Sentiment Analysis 

Also known as Opinion Mining. Sentiment analysis is 

an NLP technique used to analyze textual data to 

determine the feeling or emotion expressed in it. 

Sentiment analysis is an important business intelligence 

tool that helps companies improve their products and 

services. It involves analyzing large volumes of textual 

data, such as emails, transcripts of customer service 

discussions, social media comments, and reviews, to 

better understand customer attitudes and improve 

services. In politics, sentiment analysis is also used to 

find out people’s tendencies towards a party or an 

individual. 

Arabic sentiment analysis is advancing through the 

development of deep learning models such as 

AraBERT, MARBERT, and CAMeL-BERT, which try 

to improve the accuracy of emotion and opinion 

detection [22]. It monitors social media, analyzes 

customer feedback, and tracks political sentiment. 

Arabic sentiment analysis model training has been 

improved using annotated datasets such as Arabic 

Sentiment Analysis System (ArSAS) and Arabic 

Sentiment Tweets Dataset (ASTD) [49]. However, 

sentiment analysis in Arabic lags because of dialectal 

diversity, code-switching (mixing Arabic with English 

or French), and ambiguity due to the absence of 

diacritics. 

These are just a few examples of the many NLP 

applications. The field is still evolving, new needs arise 

and new applications are being developed to solve 

various language-related challenges. While NLP 

applications in English have reached a satisfactory level, 

the need for other languages, such as Arabic, is growing. 

Given the recent technological advances in the Arab 

world and its openness to different cultures, the need for 

efficient tools for the automatic processing of Arabic 

will be of great importance. 

5. Arabic Language Overview 

Arabic language is a rich and diverse language with a 

complex grammatical structure. In light of the three key 

parameters morphology, syntax, and lexical blends, the 

Arabic language is composed of three main classes or 

types: CA, MSA, and Dialect Arabic (DA): 

1. CA, also called Quranic Arabic (the language of the 

Quran, the holy book of Islam), is used in religious 

writings such as the Sunnah and Hadith, as well as in 

many ancient Arabic manuscripts. 

2. MSA is the type of formal communication 

understood by the majority of Arabic speakers as the 

official language of the Arab world. MSA is the main 

language of the media, education, television, 

newspapers, and books. It is mainly based on the 

syntax, morphology, and phonology of CA, and can 

be transformed to accommodate new words that need 

to be created as in the field of science or technology. 

3. The AD or “colloquial Arabic,” in contrast, are the 

true native language forms. They are used only in 

informal everyday Arab communication, are not 

taught in schools, and are not standardized. Dialects 

are mainly spoken and not written. However, the 

situation is changing as more and more Arabs have 

access to electronic means of communication such as 

social media platforms, where people prefer to 

express themselves in their dialect. These ADs are 

less related to CA and differ from MSA. They are the 

result of interaction between different ancient CA 

dialects and other neighboring and/or colonial 

languages, for example, the Algerian dialect is deeply 

influenced by Berber and French. The Arabs do not 

consider MSA and DA to be two distinct languages 

despite the two variants having clear domains of 

prevalence: formal written MSA and informal 

spoken (dialect); which leads to a particular type of 

coexistence between the two forms of language. This 

type of situation is what linguistics calls diglossia 

[88]. ADs vary geographically throughout the Arab 

world and can be divided into: 

 Maghrebi Arabic: covers the dialects of 

Mauritania, Morocco, Algeria, Tunisia and Libya. 

 Egyptian Arabic: covers the dialects of the Nile 

Valley: Egypt and Sudan. 

 Levantine Arabic: includes dialects of Lebanon, 

Syria, Jordan, and Palestine. 

 Gulf Arabic: includes the dialects of Saudi Arabia 

(although it has a wide range of sub-dialects), 

Yemen, Kuwait, the United Arab Emirates, 

Bahrain, Oman, and Qatar. 

 Iraqi Arabic: dialects of Iraq and containing 

elements from the Levantine and Gulf. 

The Arabic language is read and written from right to 

left. It is written using the Arab script, which is also used 

to write other languages around the world that are not 

related to Arabic, such as Persian and Kurdish. Arabic 

script uses two types of symbols to write words: Letters 

and diacritical marks [56]. 

 Letters 

Arabic letters are written from right to left in cursive 

style whether printed or handwritten form, with no 

upper or lower case letters. They consist of two parts: 

the letter form and the letter mark. The letter form is an 

essential element of the letter. In the Arabic language, 

there is a total of 19 letter forms (Figure 1). 

 

Figure 1. Arabic letter forms [56]. 
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Letter marks, also known as consonant diacritical 

marks: Dots (one, two, or three to go above or to go 

below the letter form). The short Kaf, which is used to 

mark Kaf )كاف ك( letter shapes, and the Hamza (همزة ء) 

which can appear above or below particular letter forms. 

Note that the term Hamza is used for both the letter form 

and the letter mark. The letter mark Madda (آ) is 

considered a variant of Hamza (Figure 2). 

 

Figure 2. Arabic letter marks [56]. 

Combinations of letter forms and letter marks give 

the 36 letters of the Arabic alphabet used to write MSA. 

Note that, some letters are created using letter forms 

only, without any letter marks (Figure 3). 

 

Figure 3. Arabic letters [56]. 

Of the 36 Arabic letters used in MSA, the basic letters 

of the Arabic alphabet correspond to the 28 consonant 

sounds. They are formed using all letter forms except 

the Hamza letter form. In all these letters, the letter 

marks are fully discriminating and distinguish the 

different consonants from each other. There are two 

commonly used Arabic alphabetical sorts. The former is 

based on the latter shapes. It is called in Arabic (الفبائية) 

‘Alyfbaiyah’. It consists of grouping letters of similar 

shapes together (Figure 4-a)). The second called (أبجدية) 

‘Abjadiyah’, is loosely based on the ancient Phoenician 

alphabetical order. This order is mainly used for 

enumerating small lists, as is done in Arabic 

dictionaries, where words are generally listed in groups 

sorted in Abjad order (Figure 4-b)). 

 

a) Grouping letters of similar shapes together. 

 

b) Abjad order. 

Figure 4. Arabic’s alphabetical sorting order. 

Depending on their position in the word: initial, 

medial, final, or stand-alone, Arabic letters are not 

written in the same way, but take different shapes. The 

shapes of the initial and medial letters are generally 

similar, as are the final and stand-alone shapes. Most 

letters in a word are written in a fully connected form. 

A few letters are connected to the preceding letters but 

not to the following ones; they are either initial or 

standalone. Small white spaces follow disconnected 

letters, creating visually isolated islands of connected 

letters, called word parts. Figure 5 illustrates the 

different shapes of some Arabic letters according to 

their position in the word.  

 

Figure 5. Arabic letters with their different shapes [56]. 

 Diacritics 

Diacritical marks (تشكيل) ‘Tashkeel’, make up the 

second class of Arabic script symbols. These signs are 

used in Arabic script to indicate various linguistic 

features, such as vowels and pronunciation, to help 

readers overcome the ambiguity of certain words. These 

diacritical marks play a crucial role in clarifying the 

meaning and pronunciation of Arabic letters. While 

letters are always written, diacritics are optional: written 

Arabic can be fully diacritized, as in religious and 

educational texts for children; partially diacritized; or 

entirely non-diacritized. Diacritic is formed by 

diacritical marks above or below a consonant (letter 

mark) to give it a sound. 

Diacritical marks are divided into three groups: 

Vowel, Nunation, and Shadda. Vowel diacritics 

represent the three short vowels of Arabic: ’Fatha’ 

 and no vowel ,(كسرة) ’and ‘Kasra ,(ضمة) ’Damma‘ ,(فتحة)

‘Sukun’ (سكون). The nunation can only appear in the 

final position of words in nominal nouns (nouns, 

adjectives, and adverbs). Nunation diacritics look like a 

doubled version of their corresponding short vowels. 

Shadda is a double consonant diacritic, usually 

combined with a vowel or nunation diacritic (Figure 6 

shows the different diacritical marks with the latter ب). 

Diacritical marks are divided into three groups: 

Vowel, Nunation, and Shadda. Vowel diacritics 

represent the three short vowels of Arabic: ‘Fatha’ (فتحة), 

‘Damma’ (ضمة), and ‘Kasra’ (كسرة), and no vowel 

‘Sukun’ (سكون). The nunation can only appear in the 

final position of words in nominal nouns (nouns, 

adjectives, and adverbs). Nunation diacritics look like a 

doubled version of their corresponding short vowels. 

Shadda is a double consonant diacritic, usually 

combined with a vowel or nunation diacritic (The Figure 

6 shows the different diacritical marks with the latter ب). 

 

Figure 6. Arabic diacritic marks [56]. 
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On the whole, Arabic is a widely spoken language 

with a rich history and culture. It is known for its 

complexity and richness, which makes it challenging for 

many non-native speakers to learn. Furthermore, its 

grammar is so complex that it is even difficult for Arabic 

speakers to master. If Arabic presents these specific 

challenges for learners, they will certainly make it more 

difficult to process automatically. These challenges will 

contribute negatively to the development of effective 

Arabic NLP applications. 

6. Specific Arabic NLP Challenges 

After more than fifty years of research to develop 

techniques enabling computers to automatically process 

natural languages, the field has reached a reasonable 

level of maturity, particularly for the English language. 

This is due to the widespread use of English as a world 

language and the extensive research carried out in 

English-speaking countries. Although English NLP has 

a more mature ecosystem and a significant advantage, 

other languages are trying to catch up to varying 

degrees. When comparing English and Arabic NLP, the 

latter is at least a decade behind. We can attribute this to 

several factors, some are linked to the Arabic language 

itself, others rather to the shortcomings of the works in 

question [29]. 

Arabic is an extremely twisted language with a 

complicated structure in terms of orthography, 

morphology, grammar, and syntax. It has many specific 

features that make its NLP challenging. In what follows, 

we will try to summarize the main ones. 

6.1. Orthographic Features 

As we’ve seen, the shape of an Arab letter can be 

modified depending on whether it’s at the beginning, 

middle, or end of the word; linked to a preceding and 

following letter, or simply linked to a preceding. This 

already constitutes a non-standardization that needs to 

be taken into account when designing Arabic NLP 

applications. On the other hand, Arabic has no capital 

letters, unlike many Latin-based languages such as 

English and French, in which the capital letter is an 

orthographic marker showing that a word is a phrase’s 

beginning or a Named Entity (NE). Without that 

spelling marker, proper nouns derived from adjectives 

are a source of ambiguity: for example, the same word 

 .can mean both a girl’s first name and inspiration ”إلهام“

This makes it all the more challenging to recognize 

Named Entities in Arabic, such as names of people, 

places, or things. Moreover, the absence of capital 

letters can make the use of acronyms unhelpful and 

insignificant. This can lead to confusion, particularly 

when translating, extracting information, or naming 

entity processing in general [48]. 

Also, Arabic includes a set of orthographic symbols, 

called diacritical marks (short vowels), that indicate the 

correct pronunciation of words. These marks can 

completely change the sense and meaning of a word. For 

instance, the non-vowel word (بر) supports several 

alternatives such as (  بِر), which means obedience, 

kindness, and virtue; ((  بَر meaning land or ground; and 

 that means wheat. Overcoming ambiguities requires (برُ  )

knowledge of the context in which the word is 

introduced. Note that the non-vowel orthography is the 

standard form of the Arabic language. MSA is generally 

devoid of diacritics, and restoring or generating them is 

an additional and crucial task for Arabic NLP [44]. 

Arabic script, likewise, includes three other long 

vowels (حروف العلة): “أ” (alef), “و” (waw), and “ي” (yaa). 

A word that contains a vowel letter fluctuates depending 

on its position in the sentence and does not keep a stable 

state. Sometimes we find them fixed, sometimes we 

remove them, and sometimes diacritical marks are 

prescribed to prevent them from appearing, either 

through incapacity or heaviness. The defective (weak) 

verb )الفعل المعتل(, a well-known case in MSA, is any verb 

whose root has a long vowel as one of its three radicals. 

These verbs will undergo vowel changes when 

conjugated. This specificity of long vowels in Arabic 

gives rise to two forms of spelling: with or without 

vocalization. Automation systems must remedy this 

situation [20]. 

Hamza (الهمزة ء) spelling is also subject to numerous 

and changing rules, making it difficult to master, even 

for Arabic speakers. The letter Hamza has several 

spelling forms )ء, أ, ؤ , or ئ), which is called ”seat of Al-

Hamza”, depending on its diacritical mark and that of 

the letter preceding it. When Hamza arrives at the 

beginning of the word, it is written on or below an 

“Alef” ( أ, إ ) according to its diacritic sign. Moreover, 

there is an exception to this rule when it concerns 

Hamzat El Kata (همزة القطع) or Hamzat El Wasl (همزة 

 ,The former is always written and pronounced .(الوصل

while the latter is neither written nor pronounced, and 

a ”bare Alef” ( ا ) is used. Distinguishing the type is itself 

a challenge, the rule is to add the conjunction “and” (و) 

before and see if it is pronounced; therefore, written. 

Otherwise, when the Hamza appears in the middle or at 

the end of a word and is written on its seat (أ, ؤ , or ئ), 

the choice of the right one follows the vowels hierarchy 

in the Arabic language: the Kasra, the Dama, and then 

the Fatha which has the lowest priority. Determining Al-

Hamza orthographic variants is of notorious complexity 

and therefore requires special handling in the 

elaboration of the computational system [104]. 

All these orthographic features among others show 

clearly the inconsistency of Arabic orthographic rules, 

making its automatic processing more difficult. The 

solution is generally to rely much more on contextual 

analysis, which is no easy task either. 

6.2. Morphological Features 

One of the well-known properties of Arabic is that it is 

very rich and morphologically complex. Its vocabulary 
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can be flexibly extended using roots and morphological 

samples. Arabic words are generally formed from roots. 

The root refers to a basic three or four-consonant word 

that represents a central meaning or concept. Most of 

them consist only of three consonants and a large 

number of words can be derived from each root by 

adding vowels and/or other consonants. The root system 

is a unique concept specific to the Arabic language, 

allowing to expansion of the vocabulary. Compared to 

English, Arabic words are highly inflected. While 

English relies heavily on affixation, Arabic is based on 

a morphology that is both concatenative (affixes and 

stems) and templatic (root and patterns). The most 

complicated situation is that of words that can represent 

an entire sentence. These are generally the longest 

words in the Arabic dictionary. They are made up of a 

root and hidden and/or connected pronouns. For 

instance, the word أنَلُ زِمُكُمُوهَا)) can be translated into 

English as the following sentence: Do we oblige you to 

do so? The word consists of: the root (لزم), the subject 

doing the action (نـ), then the first object (كم), and the 

second object (ها); and the interrogative hamza (أ) is 

added at the beginning to become a complete sentence 

in one word: (أنلزمكموها ؟). Distinguishing each part 

according to its role in the word is a challenge [39]. 

Another aspect of the morphology of Arabic words is 

that they generally depend on the sentence, and it is 

difficult to draw a line between the word and its 

sentence. This leads to morpho-syntactic structures 

according to inflection, declension, and clitics. The 

syntactic relationship of a word to other ones in the 

sentence is indicated by its inflectional endings, not by 

alternative words. For example, in the sentence, ( وبخ

 which means: The father scolded his son. The (الأب إبنه

suffixed pronoun (ـه) in the word (إبنه), refers to the word 

 The morpho-syntactic structure makes it possible .)الأب(

to incorporate a large number of additions to a word, 

hence the richness of the language’s vocabulary, and it 

would be difficult to pinpoint all the possible cases [16]. 

In MSA, a word can be made up by joining two words 

together (can be nouns, verbs, or particles), which is 

called annexation. In general, the meaning of the word 

compound is clear, insofar as its meaning corresponds 

to that of the parts assembled. As in the word (برمائية), 

which is made up of the two words: (بر) “land” and (مائية) 

“water”, to refer to amphibians. However, the absence 

of a rule governing annexation to form compound words 

adds another challenge to the automatic processing of 

the Arabic language [97]. 

The Arabic language is highly derivational, and 

inflection leads to a high degree of fluctuation in 

morphology, which complicates modeling and, 

consequently, computational processing will be more 

challenging. 

6.3. Syntactic Features 

Syntactically, Arabic is generally considered to be a 

free-word language, with different word order patterns 

in a sentence. This syntactic flexibility makes it possible 

to express oneself in a variety of ways and to adapt 

sentences to different contexts and communication 

objectives. In Arabic, a sentence can have four types of 

word order; all are considered correct and convey the 

same meaning: Subject-Verb-Object (SVO), Verb-

Subject-Object (VSO), Verb-Object-Subject (VOS), 

and Object-Verb-Subject (OVS). This flexibility in 

word order is a feature of Arabic syntax that further 

contributes to the richness and even to the complexity 

of the language. Therefore, generating or understanding 

sentences for different Arabic NLP applications will be 

a challenge [62]. 

Anaphora resolution is another syntactic issue that 

Arabic NLP applications have to address. Anaphora 

consists of referring nouns in the sentence by particular 

entities or pronouns. Almost all NLP applications 

require a successful mechanism for identifying and 

resolving anaphora. Nevertheless, this task is classically 

recognized as a very difficult problem in language 

processing, especially in Arabic. It is a complex task 

that requires a great deal of time and effort for NLP 

systems to understand and resolve references to earlier 

or later words in a discourse. Without finding the 

appropriate antecedent of the anaphora, the meaning of 

the sentence would not be fully and correctly 

understood. One of the most common types of anaphora 

in Arabic is the pronominal anaphora. It could be a third 

personal pronoun, which is known in Arabic as (ضمير 

بالغائ ). It has an empty semantic structure and has no 

meaning independently of its antecedent or main 

subject. The Arabic pronoun does not make the 

linguistic distinction between the human pronoun 

(he/she for example in English) and the non-human 

pronoun (it), which may cause ambiguity and external 

knowledge is required to correctly identify the 

antecedent. Another very common type of anaphora in 

Arabic is the hidden or zero anaphora (الضمير المستتر). It 

occurs when there is no entity acting as a subject. Zero 

anaphora can be determined easily by the human mind, 

but it can represent a great challenge for automated 

systems [38].  

Agreement is also a syntactic feature that must be 

taken into account in NLP systems. In Arabic, an 

adjective follows generally the noun it describes in 

terms of number, gender, case, etc. Nevertheless, it also 

depends on the word order and can be total or partial, 

which leads to exceptions. For example, in the SVO 

order, the verb agrees with the subject in terms of 

number and gender. On the other hand, verbs in VSO 

order agree with the subject only in gender. In the 

auxiliary sentence, if the auxiliary comes before the 

subject, it agrees in gender only, while the verb agrees 

in both gender and number with the subject. However, 

if the subject precedes the auxiliary, the auxiliary and 

the verb both agree in gender and number. On the other 

hand, when it comes to agreement between numbers and 
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countable nouns, there is a complex set of rules for 

determining the literal number that agrees with the 

counted noun. The literal generation of numbers 

depends on the expression of the noun counted in the 

sentence. Agreement in Arabic is either total or partial 

and sensitive to word order in the sentence; several 

cases are envisaged, adding further challenges to Arabic 

NLP [54]. 

6.4. Diglossia and Dialectal Variation 

Diglossia refers to a linguistic situation in which two 

distinct varieties of a language are used in a community, 

high and low variety. While the high variety is used in 

formal contexts, the low one is used in everyday 

informal conversations. In the case of Arabic, diglossia 

is a well-known phenomenon. Further, the term 

diglossia was originally used to describe the linguistic 

situation in Arabic-speaking countries. In the Arab 

world, we find MSA, a high variety used in formal 

contexts such as literature, newspapers, and education; 

and various spoken colloquial dialects, low varieties 

used in everyday communication. In addition, Arabic 

speakers have a wide range of dialects that vary 

considerably from one another. Each dialect has its own 

vocabulary and pronunciation. We can add to all this 

variety, a non-standard romanization called ‘Arabizi’, in 

which the Arabic text is written by mixing Latin 

characters, numbers, and some punctuation marks, 

mainly used by Arab Internet users on social networks, 

Short Messaging System (SMS), and discussion forums. 

All these varieties will constitute a challenge and will 

add further difficulties to NLP applications which have 

to deal with both MSA and its different dialects [45]. 

6.5. Challenges for Large Language Models 

Application 

LLMs face significant challenges when applied to 

Arabic due to the language’s complex morphology, 

dialectal diversity, and specific writing issues. As 

mentioned earlier, the richness of the Arabic inflectional 

and derivational system makes word segmentation and 

contextual interpretation difficult. This involves 

developing tokenization methods specific to Arabic, 

attention mechanisms, or pre-training objectives that 

take into account Arabic’s properties [86]. The presence 

of several dialects, many of which have insufficient 

annotated data, limits the model’s performance beyond 

MSA. Furthermore, the scarcity of high-quality labeled 

datasets, even for MSA, further limits the training and 

fine-tuning of Arabic NLP models. Arabic’s writing and 

orthographic characteristics, such as the absence of 

capital letters, the ambiguity of diacritics, and the shape 

of letters according to context, pose additional 

difficulties for tokenization [12]. The right-to-left 

writing system of Arabic also leads to formatting and 

processing problems in NLP models, which are 

primarily designed for languages written from left to 

right. In addition, certain dialects and communities may 

be misrepresented due to biases in the training data. 

Most Arabic-specific models lag behind their English 

counterparts due to smaller datasets and high training 

costs, leading to computational limitations that further 

hamper the development of the Arabic LLMs [26]. 

It’s worth noting that the challenges mentioned above 

are not an exhaustive list, and there may be additional 

challenges specific to certain Arabic NLP tasks or 

applications. 

7. Current Situation and Discussion 

Despite all the challenges mentioned above, Arabic 

ANLP has experienced significant growth and 

development in recent years. Work and concerted 

efforts to promote the field are in full swing, and 

extensive linguistic resources and models adapted to the 

unique characteristics of the Arabic language have been 

created. Key statistics and information illustrating the 

current state of research and resources, including: 

1) Conferences and shared tasks 

 The 2nd ArabicNLP conference [55]: held in 

August 2024, this conference presented eight 

shared tasks, attracting a total of 79 papers, 8 

review papers, and 71 system descriptions. Two 

shared tasks were particularly noteworthy: Arabic 

Financial NLP (AraFinNLP), which received 9 

papers, dealing with applications in the financial 

field; and News Media Narratives of the Israel 

War on Gaza (FIGNEWS), which received 17 

papers, highlighting the interest in dealing with 

news media content. 

 The 1st Arabic Natural Language Understanding 

Shared Task (ArabicNLU) [63]: this task focused 

on Word Sense Disambiguation (WSD) and 

Location Mention Disambiguation (LMD). Of the 

38 teams registered, 3 participated in the final 

evaluation. 

2) Language resources 

 101 billion Arabic words dataset [17]: released in 

April 2024, this is the largest Arabic corpus to 

date, compiled from common crawl Web 

Extracted Text (WET) files. It has been rigorously 

cleaned and de-duplicated to ensure data quality 

and provides a substantial resource for training 

authentic Arabic language models. 

 ArabicaQA dataset [2]: introduced in March 2024, 

it contains 89,095 answerable questions and 3,701 

non-answerable questions, as well as additional 

labels for open-domain questions. The ArabicaQA 

dataset fills the gaps in resources for machine 

reading comprehension of Arabic and answering 

questions in the open domain. 

3) Model development 
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Development of models designed for the Arabic 

language, like ArabianGPT and Arabic Compact 

Language Model (ACLM). ArabianGPT [66] Launched 

in February 2024, this is a range of models based on 

transformers specially designed for Arabic. The models, 

with parameters ranging from 0.1 to 0.3 billion, use the 

AraNizer tokenizer to handle the complex morphology 

of Arabic. Fine-tuned versions have significantly 

improved, with sentiment analysis accuracy reaching 

95%. ACLM [13] is a small, efficient language model 

adapted for MSA. It is built using the 135-million-

parameter AraGPT2 base model. Thanks to rigorous 

pre-training on carefully selected datasets, ACLM has 

achieved impressive linguistic capabilities. It offers a 

compact and efficient solution that bridges the gap 

between the high resource requirements of large models 

and practical needs, representing a significant advance 

in Arabic NLP. 

All these works and others show that even though the 

challenges and specifications of the Arabic language 

have an impact on the immaturity of NLP applications 

in Arabic, progress can be made. We strongly believe 

that the main reason for this delay is the lack of research 

and development. Although there has been some 

advancement in recent years, Arabic NLP still lags 

behind other languages. The unavailability of tools and 

resources indicates that there is still work to be done for 

further progress. Limited research and development 

efforts have had the effect of restricting the number of 

tools, models, and datasets available for NLP tasks in 

Arabic such as annotated corpora, and lexicons. This 

lack of resources hinders the development of robust 

NLP applications for Arabic and limits the accuracy and 

performance of existing ones. To meet these challenges, 

we need to develop high-quality Arabic datasets, 

improve tokenization techniques, reduce biases, and 

exploit multilingual models such as mBERT and GPT-

4 to improve NLP performance in Arabic. The absence 

of a willingness on the part of the Arab community to 

promote research on Arabic NLP, by launching serious 

projects on the subject with the involvement of qualified 

human resources, remains the weak link in its 

development. Computer scientists and linguists alike are 

called upon to step up their efforts, working in close 

collaboration to tackle the challenges mentioned above. 

As far as we know, there is no single, standard way of 

developing an IT system, whatever the field. Each 

domain is a separate project, with its own rules and 

exceptions that need to be dealt with. If English has 

reached this level of maturity, it is thanks to the research 

and efforts made in the field by the English-speaking 

community. 

8. Conclusions 

Arabic as a language is both challenging and interesting 

given its widespread use throughout the world. Despite 

this, its NLP still suffers from shortcomings compared 

to other languages. In this article, we have tried to look 

at the main causes and linguistic characteristics of 

Arabic that hinder its NLP development. We have tried 

to go deeper into the basics of word and sentence 

structure, as well as the relationships between sentence 

elements. Arabic is a phonetic language, in the sense 

that there is a direct correspondence between the letters 

and the sounds with which they are associated. An 

Arabic word requires changes in the letter shape 

depending on its position in the word, and there is no 

notion of capital letters. It does not dedicate letters as 

vowels but uses diacritical marks instead. In general, 

MSA texts are not diacritized since short vowels are 

optional. This can lead to ambiguity and difficulty in 

analyzing Arabic words. Morphologically, the structure 

of the words is both rich and complex, so that they can 

represent a complete phrase or sentence. Identifying and 

distinguishing each part according to its role in the word 

is a challenge. In syntactic terms, the Arabic sentence is 

complex, with a free word order in which the 

constituents of the sentence can be interchanged without 

affecting the meaning. Resolving anaphora is also a 

challenge, as contextual knowledge is required, which 

increases syntactic and semantic ambiguity and 

necessitates a more complex analysis. To illustrate these 

and other challenges, descriptive examples in MSA are 

given, in the hope that readers will appreciate the 

complexity associated with Arabic NLP. 

Consequently, Arabic differs from other languages 

because of its complex and ambiguous structure. Its 

NLP presents unique and specific challenges. These 

challenges underline the need for specialized tools and 

techniques to deal with the unique features of the Arabic 

language in the NLP domain. Researchers and 

developers are called upon to work actively to find 

possible solutions. 
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