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INTRODUCTION

Learning Arabic as a foreign or second language still proves difficult for nonnative speakers,
especially in writing. The errors in grammar that learners of Arabic make most often are those
associated with the structure and formation of words (Syafe’i et al., 2022). From the perspective of
Error Analysis Theory, learner errors should not be viewed merely as signs of failure, but as evidence
of learners’ developing linguistic systems and interlanguage competence (Corder, 1967; Ellis, 2008).
These kinds of mistakes are found in relation to i’rdb, gender and number agreement, definiteness,
sentence structure in terms of nouns and verbs, verb pattern, and diacritical marks accuracy in
Arabic composition. These errors influence not only the grammatical correctness of the student’s
writing but also the clarity and coherence of the writing. The aim of insha’ teaching is to write an
Arabic composition that is grammatically correct and semantically and rhetorically right. It is hard
for students to do so because of their lack of competence in nahwu-sarf and the absence of feedback.

In terms of implementation in the classroom setting, the correction of Arabic written texts
remains reliant on the role of teachers and/or lecturers. While manual correction can offer useful
and valuable feedback, it is very time-consuming, unreliable, and often hard to maintain with a class
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having many students. Written corrective feedback research highlights the importance of feedback
in learning writing skills, although it relies on clarity and consistency among others (Ferris, 2011;
Hyland & Hyland, 2006; Karatay & Karatay, 2024). Such a requirement calls for the development of
feedback mechanisms that help teachers in detecting the common grammatical mistakes that
students make, while at the same time enabling students to correct their mistakes with minimal
intervention. This has led to the rising importance of automated grammar checking systems in
teaching Arabic writing skills (Karatay & Karatay, 2024; Weng & Chiu, 2023).

With the advancement of Artificial Intelligence (AI) and NLP, there have been some
possibilities that can be explored for solving this problem. The use of a grammar checker based on
Al is one such application that can be used for solving this problem (Cano et al., 2024; Hady et al,,
2026; Rusmansyah et al,, 2025; Zainuddin et al., 2025). In English writing instruction, tools such as
Grammarly and Write & Improve have been reported to support students’ writing development by
offering automated feedback and revision assistance (Fitria, 2021). Nevertheless, there exist
additional complexities in developing and teaching similar applications for the Arabic language
owing to the complexity of morphology, flexibility of syntax, presence of diacritics which may be
optional, as well as existence of syntax such as irab (Antoun et al,, 2020; ElSabagh et al., 2025).
Consequently, the correction of grammatical errors in the Arabic language should not just be viewed
as a technical approach whereby mistakes in terms are replaced with the right ones but entails
sensitivity towards sentence structures and grammatical rules (Alhafni et al., 2023; Kwon et al,
2022).

Recent studies provide an important foundation for the development of Al-based Arabic
grammatical error correction. Hanandeh et al, (2024) show that Al implementations within the
realm of the Arabic language provide both potential opportunities and also pose some challenges
regarding linguistic resources and language identity. The work of Al-Haddad et al. emphasizes the
importance of NLP systems, machine translations, and the Arabic models of language, including
AraBERT, CAMeLBERT, and AraELECTRA (Hanandeh et al.,, 2024). The emergence of Arabic-specific
pre-trained language models has strengthened Arabic NLP research because these models are
trained to better represent Arabic linguistic features than general multilingual models (Alhafni et al,,
2023; Antoun et al,, 2020, 2021). Earlier work by Shaalan, (2005) introduced Arabic GramCheck,
which was developed as a grammar checker based on the Prolog programming language that can
detect errors in nominal and verbal sentence structure. While the development of this grammar
checker was indeed significant, it was still narrow in scope in that it only covered certain structures
of standard Arabic. (Alhafni et al.,, 2023; Shaalan, 2005).

More recent research has shifted towards neural, Transformer-based, and large language
model approaches. Solyman, Zhenyu, Qian, Elhag, Toseef, and Abdelaal et al, (2024), for example,
developed the SCUT AGEC model for Arabic grammatical error correction using convolutional neural
machine translation, synthetic data, and fine-tuning techniques. Their work demonstrates the
potential of neural models to improve Arabic grammatical correction performance. Subsequent
studies have shown that Transformer-based models, including AraT5 and AraBART, can improve
Arabic grammatical error detection and correction, especially when supported by learner corpora,
error tagging, and high-quality synthetic data (Alhafni et al., 2023; Kwon et al., 2022; Moatez et al.,
2022). Other studies have also shown that large language model approaches can improve context-
sensitive correction, although they continue to face difficulties in handling diacritics, syntactic
dependency, i’rab, and fine-grained morphological distinctions (Alrehili & Alhothali, 2025; Kwon et
al,, 2022). In addition, research on Al-assisted feedback in writing, including studies involving Arab
EFL learners, suggests that Al-generated feedback may support grammatical accuracy and learner
autonomy (Mansoor et al, 2025). However, findings from EFL contexts should be interpreted
carefully because English writing feedback does not fully represent the linguistic and pedagogical
complexity of Arabic insha’learning (Hyland & Hyland, 2006; Karatay & Karatay, 2024).

Nevertheless, there is a lack of consistency in the research literature about automatic
correction of Arabic grammar using Al. Most of the current research tends to emphasize either the
technical aspects related to model building or data collection or benchmarking, but not necessarily
the pedagogical implications (Alhafni et al., 2023; Karatay & Karatay, 2024; Kwon et al.,, 2022).
Although there has been some discussion in existing literature regarding the models of NLP for
Arabic, grammatical error correction tools, learner corpora, and Al feedback, the issue in question is
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generally addressed in isolation from other issues mentioned above. It is crucial since the grammar
checking tool will become beneficial in a pedagogical setting only if the error correcting technique of
the model matches the real grammatical problems that the students have and if its feedback can be
used in class (Alhafni et al., 2023; Corder, 1967; Weng & Chiu, 2023).

To bridge this gap, the current review combines computational studies on the subject of Arabic
Grammatical Error Correction (GEC) with pedagogical insights into insha' learning by adopting a
human-in-the-loop perspective. Unlike most literature on GEC that tends to concentrate purely on
the performance of the models, this review focuses on integrating evidence from three perspectives
(Kitchenham, 2004; Page et al., 2021; Xiao & Watson, 2019). In contrast to the research that deals
solely with the performance of systems in a technical manner, this review brings together three
interrelated dimensions: Arabic grammatical errors commonly made by learners, advantages and
disadvantages of the Al-based grammatical error correction systems, as well as the implications of
the use of such systems for teaching the Arabic language. In this sense, the uniqueness of this research
is in its effort to integrate Arabic error analysis, Al-based correction, and pedagogy in one review
(Alhafni et al., 2023; Corder, 1967; Weng & Chiu, 2023)

Therefore, the purpose of this study is to: (1) determine the prevalent errors in the area of
nahwu and sarf observed in research on non-native Arabic written works; (2) provide an overview
of the performance, advantages, and limitations of Arabic grammar checking using Al; and (3) derive
pedagogical recommendations on the use of Al grammar checkers in the instruction of insha’. Thus,
the contribution of this study to research on the education of the Arabic language is that it provides
insights into the appropriate utilization of Al grammar checkers in the process of writing instruction
(Ferris, 2011; Karatay & Karatay, 2024; Kwon et al., 2022; Weng & Chiu, 2023).

METHOD

The Systematic Literature Review (SLR), coupled with qualitative thematic synthesis, was
adopted in this study. The SLR method was chosen due to its capability of allowing previous studies
to be located, evaluated, and synthesized in a systematic manner (Kitchenham, 2004; Xiao & Watson,
2019). This research being a literature review, no empirical validation of a particular Arabic grammar
checker using Al is made. Rather, the existing information on Al-based Arabic grammatical error
correction in relation to nahwu-sarf error pattern detection and associated challenges is compiled.

The review process followed the PRISMA 2020 framework, particularly in documenting the
stages of identification, screening, eligibility, and inclusion (Page et al., 2021). This review is not pre-
registered since the study is concerned with language acquisition, Arabic natural language
processing, and education technology rather than clinical studies. However, the search strategy,
inclusion criteria, screening process, quality assessment, data collection, and synthesis methods have
been detailed below for transparency and reproducibility purposes.

The following literature review has been conducted to answer three research questions: (1)
What are the main errors in nahwu-sarf in Arabic writing studies of non-native speakers? (2) Which
Al approaches have been utilized for identifying and correcting Arabic grammatical errors, and what
are their benefits and weaknesses? (3) What implications does the use of Al-based grammar checkers
have for insha’ education of non-native Arabic speakers?

A literature review has been conducted in the Scopus database, DOAJ database, and Google
Scholar. Scopus was used to find journal papers and proceedings that are indexed internationally,
while DOA] has been included to locate open-access studies on the topics under discussion.
Moreover, Google Scholar was employed as an additional database to locate additional scholarly
works pertaining to Arabic natural language processing, grammatical error correction, and assisted
language learning using artificial intelligence. The literature search has been restricted to the period
from 2020 to 2025.

The search string included three keyword clusters: structure of Arabic linguistics, grammatical
error correction, and technologies based on artificial intelligence. The main search string used was:
("Arabic grammar" OR "Arabic morphology" OR "Arabic syntax" OR "nahwu" OR "sarf') AND
("grammar checker" OR "grammatical error correction” OR "error correction" OR "error detection”
OR "error tagging" OR "GEC" OR "GED") AND ("artificial intelligence” OR Al OR NLP OR "machine
learning” OR "deep learning” OR Transformer OR "large language model" OR ChatGPT). The
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keywords were refined through preliminary searches to reduce irrelevant results, particularly
studies focusing only on speech recognition, machine translation, sentiment analysis, or general Al
in education. Search results were exported in CSV or RIS format and managed using Zotero to

organise bibliographic data and remove duplicates.

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Studies published between 2020 and 2025

Studies focusing on Arabic grammatical error
detection, grammatical error correction, error
tagging, learner corpus development, or Al-based
grammar checking

Studies discussing Arabic grammar, morphology,
syntax, nahwu-sarf, irab, sentence structure,
diacritics, or learner writing errors

Peer-reviewed journal articles, indexed conference
proceedings, or reputable scholarly publications
Studies reporting model development, corpus
construction, evaluation metrics, error categories,
or pedagogical implications

Full-text articles available in English or accessible
scholarly format

Studies published before 2020, except
foundational works used outside the SLR dataset

Studies focusing only on general Arabic
linguistics without Al, NLP, or error correction
components

Studies focusing only on unrelated NLP tasks,
such as speech recognition, sentiment analysis,
or machine translation without grammar
correction

Opinion pieces, editorials, blog posts, and non-
peer-reviewed sources

Studies that mention Al generally but do not
provide evidence related to Arabic grammatical
correction

Articles without full-text access or with
insufficient methodological information

The article selection process followed the PRISMA stages, see Figure 1. During the first round
of literature search, 135 documents were found in Scopus, DOAJ, and Google Scholar databases. Out
of them, 24 duplicates were excluded, leaving 111 documents to be examined based on their titles
and abstracts. In the second step of screening, 69 out of 111 documents were eliminated because
they had no connection to Arab grammar error correction, artificial intelligence (Al)-based grammar
checking, or learners' writing tasks. Next, 42 documents went through a full-text analysis; 31 of them
were left out because they did not have a clear link to Arab grammar error correction, did not contain
information about error categories and model efficiency, and failed to pass the quality assessment

criteria.

Records identified from databases
(Scopus, DOAIJ, Google Scholar): n =135

Records removed before screening: n = 24

* Duplicate records removed
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Records excluded: n = 69
* Not directly related to Arabic grammatical
error correction
* Not focused on Al-based grammar checking

v

L Full-text articles assessed for eligibility: n = 42 J

Eligibility

* Not related to learner writing

Full-text articles excluded: n = 31
®  Not specifically focused on Arabic grammatical
error correction
* Did not report error categories or
model performance

A4

¢ Insufficient methodological detail
¢ Did not address Arabic writing or learner errors
e Did not meet the quality appraisal threshold

Studies included in final synthesis: n = 11

® Relevant to Al-based Arabic grammatical error correction

e Focused on Arabic writing, learner errors, or
grammar-checking systems
o Full text available

*  Met the inclusion criteria and quality appraisal standard

Figure 1. PRISMA Flow Chart
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In order to verify the quality and credibility of the selected articles, a quality appraisal checklist
was used before conducting the synthesis. This was done through the application of six criteria for
assessing each study, which were borrowed from systematic review methodologies; namely, clarity
of research aim, relevancy to correction of errors in Arabic grammar, clarity of source or corpus of
data, clarity of method/model, results/evaluation criteria, and relevancy to Arabic writing
instruction/feedback using Al (Kitchenham, 2004; Xiao & Watson, 2019). Each criterion was scored
on a three-point scale: 2 = clearly fulfilled, 1 = partially fulfilled, and 0 = not fulfilled. Studies scoring
8 or higher out of 12 were included in the final synthesis. Table 2 summarises the quality appraisal
criteria and the data extraction framework used to evaluate the methodological quality of the
selected studies and to organise the information required for thematic synthesis.

Table 2. Quality Appraisal and Data Extraction Framework

Component Criteria / Extracted Data
) ) Research aim, relevance to Arabic GEC, clarity of data source/corpus, clarity
Quality appraisal . . . .
of method/model, reporting of findings or metrics, pedagogical relevance
Scoring system 2 = clearly fulfilled; 1 = partially fulfilled; 0 = not fulfilled
Inclusion threshold  Studies scoring 8 or higher out of 12
Extracted
Author, , publication t
bibliographic data HLIor, year, publication type

Extracted research Research focus, data source/corpus, Al model or approach, error type,
data evaluation metric

Extracted synthesis Main findings, technical limitations, pedagogical relevance, contribution to
data the research questions

The selected studies were analysed using thematic analysis, which is suitable for identifying
and interpreting patterns across qualitative data (Braun & Clarke, 2006). Four major stages of
analysis were adopted, which consisted of reading through the included studies, generating initial
codes, putting together related codes to create themes, and interpretation of the themes in regard to
the research questions. These include nahwu-sarf error patterns, Al methods of correction and their
performance, limitations of technology and language, and pedagogical implications of insha"

VOSviewer was also employed as an additional tool to visualize the co-occurrence of keywords
and research trends among the selected literature. Before the analysis, synonymous keywords like
"Arabic GEC," "Arabic grammatical error correction,” and "grammar correction” were clustered
together in order to eliminate any repetitions. The VOSviewer findings were solely utilized for
visualizing research trends, whereas the analysis itself was mainly focused on a close analysis of the
11 selected papers.

Some limitations that need to be taken into consideration are: Firstly, the search for
information via Scopus, DOA], and Google Scholar may be biased due to the fact that there might be
other relevant studies in the Arabic language that are not available in these databases. Secondly,
there is an issue of language bias due to the fact that only studies available in the English language
were used. Thirdly, publication bias might arise since only studies showing good performance of the
models in question get published, while those with poor or negative results do not. Lastly, only 11
studies satisfied the requirements; hence, the conclusion of this paper cannot be considered
comprehensive.

RESULTS AND DISCUSSION

Research Mapping and Thematic Overview

Before presenting the thematic synthesis, this section first maps the general direction of the
reviewed literature using VOSviewer. The VOSviewer analysis was used as a supplementary tool to
visualise keyword co-occurrence among the eleven studies included in this review. Therefore, the
visualisation should be interpreted as a descriptive map of the reviewed corpus rather than as a
comprehensive bibliometric representation of the entire Arabic NLP field. Synonymous and closely
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related terms, such as “Arabic GEC,” “Arabic grammatical error correction,” “grammar correction,”
and “error correction,” were harmonized before interpretation to reduce duplication and improve
thematic clarity
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Figure 2. VOS-Viewer Display for Type of Analysis Network Visualization

Although the network visualization shows the structure and connections between the major
research topics, it does not show the development of these topics through time. In order to enrich
the findings with a further view, an overlay visualization was constructed using VOSviewer to show
the temporal distribution of the keywords of the reviewed literature. Through colouring according
to the average year of publication, the overlay visualization depicts the trend of the interests from
the early rule-based and corpus-based approaches to more recent papers focusing on the
Transformer architecture, LLMs, and context-based Arabic grammatical error correction.
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Figure 3. VOS-Viewer Display for Type of Analysis Overlay Visualization
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Based on the network visualisation in Figure 2, the reviewed studies can be grouped into
several interconnected clusters. The first cluster is linked with “grammatical error correction,” “GEC,”
and “ChatGPT,” which means that recent studies about Arabic grammar correction have been going
beyond just identifying errors (Alhafni et al,, 2023; Kwon et al,, 2022). The second cluster has to do
with the area of correction of errors in Arabic grammar, as well as proposed models for this process.
This particular cluster shows how technical the field is when it comes to designing correction models
(Abdelaal etal., 2024; Solyman et al., 2021). The third category is related to NLP, Arabic morphology,
Arabic grammar, and Al This cluster emphasizes the linguistic aspect of Arabic GEC, which includes
the challenge of handling the morphology, syntactic relations, diacritics, and grammatical
dependencies at the sentence level (Alrehili & Alhothali, 2025; Belkebir & Habash, 2021).

From the overlay visualisation provided in Figure 3, it can be seen that there is a gradual change
in the orientation of the studies reviewed. In general, earlier studies in the reviewed collection of
papers have been found to highlight approaches based on rules or sequence labelling or corpora, but
more recent studies are increasingly focused on exploring Transformer models, data synthesis, and
applications in large language models. This does not mean that rule-based approaches have lost their
importance; rather, it means that Arabic GEC research is progressing from rule-based to hybrid
approaches combining linguistic rules, learner corpora annotation, and neural networks. This
development is essential as grammatical errors in Arabic languages cannot be fixed using word-level
correction alone; they need sentence-level processing.

In addition, the keyword map reveals that the reviewed literature is not strictly technical in
nature. The keywords that demonstrate the relationship between the development of Al-based GEC
for Arabic and writing pedagogy include learner errors, writing assessment, and essay scoring. Thus,
there is an indication that Arabic GEC based on Al has started to be considered not merely as a
computational tool but also as a future tool for teaching Arabic writing skills. However, the
pedagogical aspect of Arabic GEC still requires further exploration because the majority of the
reviewed articles concentrate more on the issues related to model performance, development of
corpus, and correction of learner errors. This idea corresponds with the research gap indicated in
the Introduction section.

The thematic synthesis of the eleven studies resulted in six major themes: neural, Transformer,
and LLM-based model development; Arabic error corpus and error tagging; GEC for non-native
Arabic learners; automatic grammaticality assessment of essays; structure-based correction; and
synthetic data generation for low-resource Arabic GEC. These themes show that Arabic GEC research
has developed in three interrelated directions: improving correction models, strengthening error
data resources, and exploring possible pedagogical applications for Arabic writing instruction. The
synthesis is summarised in Table 3.

Table 3. Thematic Synthesis of the Analysed Articles
Related

Main Theme Studies Research Focus Key Findings and Pedagogical Relevance
Abdelaal These studies report improved correction
et al, performance through neural architectures,

Neural-, Development of . . .

(2024); . fine-tuning, synthetic data, and prompt-

Transformer-, Arabic GEC models .

Musyafa . based correction. However, challenges

and LLM- using NMT, R N ) .
et al., remain in irab, diacritics, and fine-grained

based GEC Transformer-based . . .

(2024); syntactic relations. Pedagogically, these

model models, and LLM- o .

development Solyman based approaches models may support initial corrective
et al, ' feedback in insha’ learning, but teacher
(2021) validation remains necessary.

Arabic  error Alrehili & Development of Error-tagging systems and learner corpora

corpus Alhothali, Arabic error provide important resources for identifying

development (2025); annotation systems recurrent grammatical errors and training
and error Belkebir and learner-oriented Arabic GEC models. Their pedagogical
tagging & corpora. relevance lies in supporting error-based
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Main Theme lS{teli?ltieeg Research Focus Key Findings and Pedagogical Relevance
Habash, remedial instruction and local learner
(2021) corpus development.
?thhaflr The reviewed studies indicate that non-
Ghnemat Detection and native Arabic learners show error patterns
GEC for non- (2022); ’ correction of tvbical that differ from native-speaker writing,
native Arabic Madi ’ & L2 Arabic le};I;ner especially in agreement, definiteness,
learners Al PR morphology, and verb forms. This finding
Khalifa ' supports the need for Arabic grammar
(2020)’ checkers adapted to L2 learner profiles.
Automatic Use of Arabic models Automatic grammaticality assessment may
grammaticality Kwon et for Automatic help lecturers conduct preliminary diagnosis
assessment al., assessment of essa of students’ writing. However, it should be
and essay (2022) rammaticali Y used as a supporting tool rather than as a
scoring & - final scoring authority.
Structure- Use of POS tacein Structure-based approaches are relevant
8BNS, hecause many Arabic errors involve
based and Essa et dependency parsing, . ,
dependency- al and sequence sentence-level relations, such as mubtada’-
Aware (2"025) models for sentence- khabar, fi'l-fa‘il, and mafl structures. This
correction level correction supports the need for grammar checkers that
' go beyond token-level correction.
Alrehili & Synthetic data can expand training resources
Synthetic data Alhothali, Use of synthetic data for Arabic GEC, especially in low-resource
generation for (2025); to overcome limited settings. For educational use, this approach
low-resource Musyafa  annotated Arabic may inform the development of local
Arabic GEC et al, GECresources. datasets based on Indonesian learners’
(2024) nahwu-sarf errors.

In general, the findings from this mapping study and thematic synthesis clearly reveal the fact
that GEC of Arabic has evolved from an error detection-only framework to a more complex correction
system using various techniques such as learner corpora, neural models, synthetic data, and a
pedagogical feedback system. However, it is also evident from the review of the literature that there
are some concerns in the field which remain unaddressed, such as learner dataset scarcity, i'rab and
diacritics, classroom validation, and human supervision. Therefore, the following sections discuss
the findings in relation to the three research questions: dominant nahwu-sarf error patterns, Al
model performance and limitations, and pedagogical implications for insha’ learning among non-
native Arabic learners.

Dominant Nahwu-Sarf Error Patterns in Non-Native Arabic Learners’ Writing

The thematic synthesis indicates that non-native Arabic learners tend to experience recurring
difficulties in grammatical accuracy, particularly in areas related to morphology, agreement,
definiteness, and sentence-level interpretation. However, the reviewed studies do not examine
learner errors from a single perspective. Some studies focus directly on learner-generated errors,
while others examine Arabic grammatical error correction through model development, corpus
construction, or error annotation. Therefore, the error patterns discussed in this section should be
understood as a synthesis of learner-related findings and error categories used in Arabic GEC
research, rather than as direct classroom findings from all eleven studies.

Morphological and agreement-related errors are among the clearest patterns identified in the
reviewed literature. Althafir & Ghnemat, (2022) show that non-native speakers learning Arabic as a
second language often produce grammatical errors involving feminine-masculine agreement and
definite-indefinite forms. Their study is relevant because it develops an Arabic grammatical auto-
correction approach for non-native Arabic learners using a hybrid rule-based and AraBERT model.
This suggests that Al-based grammar checkers for L2 Arabic learners should be sensitive to
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agreement and definiteness errors, rather than relying only on general spelling or surface-level
correction.

The other significant pattern has to do with morphological complexity and word-form
interpretation. Error correction of Arabic grammar continues to be challenging since Arabic is a
language with a high degree of morphological complexity and therefore needs considerations of the
relationship between root and pattern, word formation, grammatical properties, and sentence
context. Research done on Arabic GEC indicates that the effectiveness of the models is influenced by
the complexity of Arabic grammar (Alhafni et al., 2023; Kwon et al., 2022; Solyman et al,, 2021). For
this very reason, mistakes made in relation to sarf, including selection of word forms, agreement
features, and derived structures, must be seen as aspects of morphological processing problems
rather than superficial errors alone.

Sentence-level and syntactic issues should also be addressed, although this category is
supported by the reviewed literature to varying degrees. Even though there are some studies that do
not analyze L2 Arabic classroom writing, they prove that any Arabic GEC system should take into
consideration sentence structure and grammatical relations to correct the mistakes accurately. The
use of structure-aware methods, such as dependency and sequence-to-sequence correction models,
proves that Arabic grammar correction should go beyond token-level replacement (Essa et al., 2025).
It has relevance to nahwu because many of the grammatical mistakes in the Arabic language are
based on the relationship between components of the sentence, including the subject-predicate
relationship, verbal sentence construction, and case-based interpretation. Syntactic mistakes need
to be considered as one of the most important problems for correction, but not as a discovery made
in all articles.

Orthographic and diacritic-related ambiguity is another recurring issue in Arabic GEC research.
The reviewed studies on Arabic error annotation and corpus development show that Arabic error
categories include orthographic, morphological, syntactic, and semantic dimensions. Belkebir &
Habash, (2021), through ARETA, demonstrate the importance of structured error-type annotation
for Arabic texts, while Alrehili & Alhothali, (2025), through the Tibyan Corpus, include multiple error
categories such as orthography, morphology, syntax, semantics, punctuation, merge, and split. These
studies support the view that spelling, orthography, and diacritic-related ambiguity should not be
separated from nahwu-sarflearning because they may affect grammatical interpretation.

Corpus-based and error-tagging studies further show that Arabic learner errors are
increasingly being analysed through systematic annotation rather than general impressionistic
observation. ARETA and the Tibyan Corpus demonstrate the importance of structured error
categories for identifying recurrent grammatical patterns and improving Arabic GEC models (Alrehili
& Alhothali, 2025; Belkebir & Habash, 2021). For Arabic writing pedagogy, this suggests that learner
corpora can support more targeted remedial instruction, especially when the corpus reflects the
actual error profile of the learners being taught.

Table 4 summarises the dominant error patterns identified from the reviewed literature. The
table should be read as a qualitative synthesis of error categories and model-relevant correction
challenges, not as a frequency-based ranking of learner errors.

Table 4. Dominant Nahwu-Sarf Error Patterns and Pedagogical Relevance

Main Forms

Error Identified in Supporting Interpretation for Relelzr::lz:iofﬁlrc?;shd’
Pattern the Reviewed Studies Arabic GEC .
. Learning
Literature
Feminine- These errors indicate Grammar checkers
masculine that L2 Arabic should provide rule-
Agreement agreement, . learners may struggle based explanations, not
.. Althafir & . >
and definite- with grammatical only corrected forms,
. ) . Ghnemat,
definiteness indefinite (2022) features that are solearners understand
errors confusion, structurally different why agreement or
agreement from their first definiteness must
inconsistency language. change.
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Main Forms

Error Identifiedin  Supporting Interpretation for Relel\)r:l(lilaciofﬁlrc?rishd’
Pattern the Reviewed Studies Arabic GEC .
. Learning
Literature
Word-form . Arabic GEC requires Insha lnst.r uction
. Alhafni etal., o should include
selection, sensitivity to :
. . (2023); . targeted practice on
Morphological derived morphological _
Kwon et al, . tasrif, root-pattern
/ sarf-related patterns, verb- richness and sentence ;
. 2022; relations, and word
errors form confusion, context, not merely : .
Solyman et formation in
root-pattern word-level .
. . al, (2021) o meaningful sentence
interpretation substitution.
contexts.
Sentence-level
. Al feedback should
grammatical ) .
relations Some studies show help learners recognise
Syntactic / subject ’ that accurate sentence relations,
nahwu- reiiicate Alhafnietal., correction depends such as mubtada’-
related prect 2023; Essa on understanding khabar and fil-fa'l
: relations, . .
correction etal, (2025) sentence  structure relations, while
verbal sentence . .
challenges and grammatical teachers validate the
structure, case- :
dependency. grammatical
related explanation
Interpretation p
Orthographic :
Co . Orthographic and Orthography and
ambiguity, Alrehili & . °° e
. ! . diacritic-related diacritisation should be
Orthographic  punctuation, Alhothali, L ) )
L . ambiguity can affect integrated into nahwu-
and diacritic- merge/split (2025);
. ) . how a system sarf feedback because
related issues, possible Belkebir & . .
. o . interprets they may influence
ambiguity ambiguity in Habash, .
. morphology, syntax, grammatical
unvocalised (2021) : . .
and meaning. interpretation.
forms
Morphological, . Structured Learner corpora can be
. Alrehili & . .
syntactic, . annotation makes used to design
. Alhothali, ) .
Corpus-based orthographic, (2025); learner errors more remedial materials,
error semantic, Belkebir & visible and supports class error maps, and
categories punctuation, Habash the development of local grammar-
merge, and (2021)’ more reliable Arabic checking tools for

split errors

GEC systems.

specific learner groups.

Overall, the reviewed studies suggest that the dominant error patterns relevant to non-native
Arabic writing include agreement-related errors, definiteness errors, morphological ambiguity,
sentence-level grammatical relations, and orthographic or diacritic-related ambiguity. These results
are useful for answering RQ1 since they reveal that the Arabic writing mistakes are not limited to
individual words. Rather, they arise from the complex combination of sarf, nahwu, orthography, and
the sentence context. This means that for insha’ teaching purposes, the Al-powered grammar
checkers have to be developed not only as tools for identifying errors, but also for giving explanations
as to why they occur. However, teachers still need to verify such information in order to confirm its

correctness.

Al-Based Arabic GEC Models: Performance, Strengths, and Limitations

Over the past decade, the capacity of Al systems for detecting and fixing errors in Arabic
grammar has evolved. The reviewed studies reveal that Arabic grammatical error detection and
correction with the help of Al has evolved from a number of modeling methods, including rule-based,
sequence-labeling, neural network, Transformer-based, and LLM-based. Whereas the previous
section is concerned with the error patterns made by learners, this section deals with the way various
Al models try to find and fix these errors and what advantages and disadvantages have been
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mentioned in the reviewed studies. As the reviewed studies employed different sets of data,
measures of evaluation, and correction tasks, it would be wrong to compare their results.

Early Arabic GEC approaches relied on rule-based, sequence-labelling, or hybrid methods.
These approaches are useful for targeting specific grammatical categories because they can
incorporate explicit linguistic rules. Madi & Al-Khalifa, (2020) for example, demonstrate the use of
neural sequence labelling for Arabic grammatical error detection, while Althafir & Ghnemat, (2022)
use a rule-based correction system along with AraBERT to correct certain errors that arise from non-
native Arabic speakers. The key advantage of using this approach is that they can explain why a
certain grammatical structure might be wrong. However, they lack effectiveness when it comes to
broader context, ambiguity in meaning, or syntax.

More recent studies have shifted towards neural machine translation and Transformer-based
models. Solyman et al, (2021) show that synthetic data can support Arabic grammar correction in
low-resource conditions, while Alhafni et al, (2023) show that Transformer architectures can help to
enhance context-aware correction. In comparison with previous systems, these systems are better at
creating more natural and fluent corrections as well as processing broader sentence contexts. Still,
the performance of these systems is very much dependent on the quality of the training data and
annotated error corpora for Arabic learners.

LLM-based correction represents a further development in Arabic GEC. Kwon et al, (2022)
show that Correction suggestions can be made using approaches that are based on ChatGPT
regarding the grammatical mistakes in the Arabic language. The key advantage of LLMs is that they
provide flexible corrections in a context-aware manner. However, LLM-based correction suggestions
need to be used with caution since they may provide misleading yet plausible explanations,
overcorrect acceptable constructions, or lack fine-grained application of the grammatical rules of the
Arabic language.

The reviewed studies also show that model performance is strongly shaped by corpus quality
and error annotation. Belkebir & Habash, (2021), through Alrehili & Alhothali, (2025), through the
Tibyan Corpus, demonstrate that structured error annotation is crucial for improving Arabic GEC. It
appears, therefore, that in addition to architectural features, the success of Arabic grammar checkers
requires having accurate error types, learner data, and annotated texts validated by experts;
otherwise, even the most sophisticated systems would not be able to detect learners’ errors.

Another important limitation concerns sentence-level correction. Essa et al, (2025) indicate
that the correction of grammatical mistakes in Arabic is made more effective by the use of structure-
sensitive approaches because certain mistakes can only be corrected by understanding the meaning
of the grammatical relationship between words rather than just replacing them. Arabic systems for
grammar error correction must move from token-based correction to sentence-level correction
when it comes to syntax dependency and grammatical role identification.

Table 5 summarises the main model types identified in the reviewed studies. The table focuses
on model performance characteristics and limitations, rather than repeating the learner error
categories discussed in the previous section.

Table 5. Al-Based Arabic GEC Models: Strengths and Limitations

Model /

Related Studies Main Strengths Main Limitations
Approach

Limited in handling wider

Rule-based Althafir & Ghnemat Interpretable and useful for . o
context, semantic ambiguity,

and hybrid (2022); Madi & Al- targeting selected and  complex  sentence
correction Khalifa (2020) grammatical categories. . P

relations.
Neural

Can improve automatic Dependent on dataset
detection and correction quality and may struggle
beyond purely rule-based with learner-specific or
systems. sentence-level errors.

sequence Madi & Al-Khalifa
labelling and (2020); Solyman et
NMT-based al. (2021)

models

Online Learning in Educational Research | 197



Online Learning in Educational Research

Abdurahman et al. | Al-Driven Arabic Grammatical Error ...
Model
odel / Related Studies Main Strengths Main Limitations
Approach
Transformer- Alhafni et al. Better at modelling sentence Stll challenged by limited

(2023); Abdelaal et
al. (2024); Musyafa

annotated data, diacritics,

based Arabic morphology, and syntactic

context and producing

GEC models etal. (2024) fluent corrections. relations.
Flexible and capable of May pr.oduce OVBI‘COI‘I.'eCtIOH,
LLM-based . inconsistent explanations, or
) Kwon etal. (2023) generating context-aware . .
correction grammatically plausible but

correction suggestions. ;
88 inaccurate outputs.

Corpus and Belkebir & Habash Provide structured error Require expert validation
error-tagging (2021); Alrehili & categories and improve and may not represent all

systems Alhothali (2025) model training resources. learner populations.
Structure- Supports sentence-level Needs further validation in
aware Essa etal. (2025) correction and grammatical learner-writing and
correction relation analysis. classroom contexts.

However, from an analysis of the literature reviewed above, Al-powered Arabic GEC has
achieved considerable development, especially via Transformers, Large Language Model-driven
correction, synthesis of training data, and structured error tagging. Despite the advancements, there
are various challenges facing this research field, such as a lack of learner-related datasets, Arabic
grammar intricacies, inconsistency in explanations provided, and the requirement for expert
validation. These findings answer RQ2 by showing that Al-based Arabic GEC has strong potential, but
it should not yet be treated as a fully autonomous correction system.

Pedagogical Implications for Insha’ Learning

These studies indicate that there is significant pedagogical value of Al-based Arabic
Grammatical Error Correction (GEC) in insha’ learning. However, such value should be seen as
supplementary rather than substitutionary. The role of Arabic grammar checkers cannot be viewed
as that of an independent authority which takes the place of the teacher but that of an assistance
which enables the learners to detect errors in their writings, revise them, and reflect upon the
grammatical principles behind them.

Firstly, Al-assisted GEC of Arabic can be used for formative feedback during the process of
teaching Arabic writing skills. As it happens in traditional insha’lessons, students usually have to rely
on teachers' correction of their written works prior to any revision of them. The use of automated
feedback could reduce the time needed for this since it would detect potential errors and give
preliminary corrections (Alhafni et al., 2023; Alrehili & Alhothali, 2025; Kwon et al., 2022). However,
the above feedback should only be taken as a basis for improvement and not as a definitive
assessment of correctness. The students should learn how to evaluate Al feedback against nahwu-
sarf principles, dictionaries, textbooks, and even teacher feedback.

Second, Arabic GEC can support error-based remedial instruction. Error-tagging and learner
corpus studies show that Arabic errors can be classified into orthographic, morphological, syntactic,
semantic, and structural categories (Alrehili & Alhothali, 2025; Belkebir & Habash, 2021). This is
beneficial in the classroom since the teacher can design exercises based on repetitive mistakes made
by students. In the case where there are repetitive mistakes in areas such as agreement, definiteness,
or verbs, the teacher may design exercises in these areas. Consequently, error analysis is not only a
diagnostic tool but also one used in teaching grammar.

Third, grammar checkers that use Al might enhance learner autonomy and revision skills. In
many writing classes, students generally see corrections as the teacher’s job. Automated feedback
might encourage students to self-correct their writing before submitting their papers. This might
make students think about what they write in terms of their grammar, syntax, and meanings.
Nevertheless, autonomy does not mean that Al should be used without any supervision from
teachers. Learners should learn how to judge the feedback generated by Al and justify why they have
made some changes based on Arabic grammar.
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Fourth, the discussed research indicates the need for constructing local learner corpora in the
context of non-native Arabic. Many Arabic grammar error correction systems depend on benchmark
corpora or general corpora, which do not fully capture the mistakes of the particular learners. In the
case of the teaching institutions that offer Arabic classes to Indonesian learners, the insha’ texts
written by the students would be an asset in developing the learner corpora (Musyafa et al., 2024;
Solyman et al., 2021), but local learner data and expert validation remain necessary to ensure that
the system reflects actual classroom needs.

Fifth, Al-based assessment tools may assist teachers in preliminary diagnosis, but they should
not replace teacher evaluation (Putri et al,, 2025). Automatic grammaticality assessment and essay
scoring can help lecturers identify general weaknesses in students’ writing more efficiently (Tang &
Mahmoud, 2021). Nevertheless, insha’ testing is not limited to the aspect of grammatical correctness
but encompasses other aspects such as meaning, coherence, rhetoric, vocabulary usage, and learning
targets. Consequently, machine-based scoring or diagnostics should only serve as supplemental data,
leaving the evaluation process up to the teacher’s discretion.

Lastly, the implementation of Arabic GEC technology into learning systems ought to be done
using a human-in-the-loop approach. In such an approach, the system uses Al technology to suggest
possible mistakes and solutions; the learners work on those suggestions and reflect on them, while
the teachers ensure that the corrections and the grammar of the output product are accurate. This is
especially necessary since there are high chances that Al might have problems with issues like irab,
diacritics, syntactic dependency, semantics, and traditional grammar. The pedagogical implications
identified from the reviewed studies can be organised into several instructional areas. Table 6
summarises these implications together with their supporting studies and recommended classroom
applications.

Table 6. Pedagogical Implications of Arabic GEC for Inshd’ Learning

Pedagogical Implication _for Insha Supporting Studies Recommended Use
Area Learning
. Al can provide preliminary Abdelaal et al,, (2024); Use Al feedback as the first
Formative . . . . .
feedback correction suggestions Alhafni et al., (2023); revision layer, followed by

teacher validation.
Use class error patterns to

before teacher feedback. Kwon etal,, (2022)

Error categories can help Alrehili & Alhothali, .

Error-based . . plan remedial lessons on
L teachers design focused (2025); Belkebir & e
remediation - agreement, definiteness,

grammar exercises. Habash, (2021)
morphology, or syntax.
Automated feedback can Ask students to explain
Learner encourage students to Alhafni et al, (2023); whv thev accept or ri'ect
autonomy revise their own writing Kwon etal, (2022) y ey p J

. Al suggestions.
more actively. &8

Local learner Students’ insha’texts canbe Alrehili & Alhothali, Build institutional learner
COrDUS collected and annotated to (2025); Belkebir & corpora to support
deVI::IO ment identify recurring local Habash, (2021); contextual Arabic GEC
p error patterns. Musyafa et al,, (2024)  systems.
Preliminar Al-based assessment may Use automatic scoring or
y help identify grammatical Tang & Mahmoud, diagnostic comments as
essay i . ,
. . weaknesses in  Arabic (2021) support, not as the final
diagnosis
essays. grade.
Human-in- Teacher validation remains e oot al, (2023); Combine Al . f:orrectlon,
necessary for grammatical student revision, and
the-loop accuracy and pedagogical Essa et al, (2025); teacher explanation in a
validation y pecagog Kwon et al., (2022) p

appropriateness.

staged writing process.

Based on Table 6, these implications, Al-based Arabic GEC should be integrated into insha’
learning through a staged pedagogical model. In the first stage, students draft their Arabic text
independently. In the second stage, they use Al-based feedback to identify possible errors and make
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initial revisions. In the third stage, students compare the feedback with relevant nahwu-sarf rules
and explain their revisions. In the final stage, the teacher reviews the revised text, validates the
correction, and provides deeper grammatical explanation. This staged model prevents Al from
becoming a shortcut for writing tasks and instead turns it into a tool for guided revision, grammatical
reflection, and learner development.

Proposed Pedagogical Framework

In order to implement this model, this research presents some design examples for prompt
designs for LLM-based Arabic grammar feedback. The prompt designs here have not been
empirically tested, yet these examples are used only to show the instructional scenarios based on the
findings from the SLR on Arabic GEC, error annotation, automatic essay evaluation, learner corpora,
and human-in-the-loop feedback. The purpose of the prompts is to facilitate better systematic use of
generative Al technology by the teachers and learners. To operationalise the proposed human-in-
the-loop model, Table 7 presents example prompt designs that illustrate how large language models
(LLMs) may be used to support Arabic grammatical feedback in insha’learning. These prompts are
conceptual examples derived from the findings of this review rather than empirically validated

instructional tools.

Table 7. Prompt Design for LLM-Assisted Arabic Grammar Feedback in Insha’ Learning

Prompt Pedagogical Required
No P 808 Prompt Template 1
Function Purpose Safeguard
. : “Check the following Arabic text for
To identify and & .
nahwu and sarf errors. Provide: (1) Teacher must
Nahwu- correct  syntax . : .
corrected version, (2) list of errors, (3) verify whether the
Sarf and morphology . . ;
1 . > explanation of each correction based correction follows
Correctio  errors in .
, . on Arabic grammar rules, and (4) accepted nahwu-
n students’ Arabic .
oo alternative correct sentences. Text: sarfrules.
writing. »
€
“I i 11 in the followi .
den.tlfy at errors in the fo OWIng Categories should
. Arabic text using these categories: i
To classify be checked against
morphology, syntax, orthography,
Error student errors . . the error
2 : ) .~ diction, sentence structure, and .
Tagging into systematic . : taxonomy used in
; meaning. Present the result in a table:
categories. . the course or
Error - Category - Explanation - stud
Correction. Text: «...»” Y.
To help students “Add appropriate diacritics to the Al-generated irab
I'rab and understand case following Arabic text and identify must be reviewed
3 Diacritisa endings and words that may cause irab errors. by the lecturer
tion diacritic- Present the result in a table: Word - because this is a
Check sensitive I'rab position - Reason - Correction if high-risk area for
grammar. needed. Text: «...»” error.
“Analyse the following Arabic words .
To analyse word . . Use as learning
Morpholo . from a sarf perspective. Provide: root,
. formation, root, . support, not as the
4 gical wazan, form, morphological change,
. pattern, and . . only source for
Analysis function and function in the sentence. sarf explanation
' Words/Text: «...»” : p '
“ Lecturer  should
Analyse the sentence structure of the .
To analyse . . . . validate sentence
Sentence . following Arabic text. Identify nominal .
nominal and , relations,
5 Structure verbal sentence sentences, verbal sentences, mubtada’, especiall in
Analysis . khabar, fi'l, fa‘il, mafil, and possible p y
relations. ) complex
structural errors. Text: «...»
sentences.
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Prompt Pedagogical Required
No P 808 Prompt Template 1
Function Purpose Safeguard
“Create insha’ exercises focusing on
To generate these weaknesses: Exercises should
Adaptive  exercises based [agreement/definiteness/irab/idafah be reviewed
6 Insha’ on students’ /verb forms]. Include: (1) short model before being
Practice recurring paragraph, (2) completion exercise, assigned to
weaknesses. (3) correction task, and (4) answer key students.
with explanation.”
: “Evaluate the following Arabic essa . .
To provide . & Y Avoid using Al
. . for grammatical accuracy, coherence, )
Prelimina formative ) .’ output as final
vocabulary choice, and semantic . .
7 ry Essay feedback before . ) ) grading; use it only
clarity. Do not give a final grade. )
Feedback teacher . . i for formative
Provide diagnostic comments and . .
assessment. . : " diagnosis.
revision suggestions. Essay: «...»
“From  the  followin student
Local & . Student data must
To prepare sentences, create a corpus table with .
Learner . be anonymised
structured data these columns: original sentence,
8 Corpus and checked by
. from student corrected sentence, error category,
Preparati . ) . experts before
errors. grammatical explanation, and possible
on . B reuse.
remedial focus. Sentences: «...»
“Compare my original Arabic sentence
. p y ongl Ot . Students  should
. To train students and the corrected version. Explain . .
Reflective . X . justify the
9 .. to explain their what changed, why it changed, and . .
Revision L . . correction  using
revisions. which nahwu-sarf rule is involved. )
. ” course materials.
Original: «...» Corrected: «...»
Non- " . Useful for
) Provide feedback only based on the i
Hallucina To reduce . . reducing
Arabic text below. Do not invent errors )
10 tory unsupported Al . . overconfident or
. that are not present. If uncertain, write .
Feedback explanations. . e ., fabricated
needs teacher verification’. Text: «...» .
Control explanations.

Table 7 shows the prompts that can operationalize the human-in-the-loop model in insha’. In
this model, generative Al offers initial feedback to the learners, who subsequently improve their
writing through reflective processes, after which their teacher verifies the correctness of grammar
and teaching in their end product. The prompts should therefore not be seen as a replacement of the
Arabic teacher, but as feedback aids in Arabic writing lessons.

The educational significance of Al-enabled Arabic GEC, therefore, consists of its capacity to
facilitate feedback, diagnosis, revision, and awareness of errors. The use of Al grammar checkers in
the process of insha’ should always be contextualized, guided, and pedagogically driven. The results
obtained from this study provide an answer to RQ3 by proving that Al grammar checkers can become
an integral part of Arabic writing instruction under certain conditions.

LIMITATIONS

Despite this being an evidence-based analysis of the literature regarding the topic of Al-based
Arabic GEC, some constraints must be mentioned. Firstly, the number of studies analyzed is rather
limited, since this paper considers only eleven studies carried out from 2020 to 2025. Therefore, the
results presented might not cover the fast-developing area of Arabic natural language processing
(NLP) and might not include preliminary research works, industry-related innovations, articles
published in the Arabic language, as well as local studies which were not included in the chosen
databases. Secondly, this paper uses solely secondary data collected from previous research and
lacks observations and experiments conducted in the classrooms, as well as interviews of the
participants of the learning process. Thirdly, most of the reviewed studies have been done beyond
the Indonesian Arabic learning context, which implies that the datasets, profiles of learners, and
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institutions involved may be different from those of Indonesian learners, especially Arabic Education
students. Fourth, the reviewed studies use different datasets, error typologies, model architectures,
and evaluation measures, implying that comparisons between models' performances are difficult to
make; hence, readers should interpret the discussion in this paper as thematic synthesis and not
statistical analysis or meta-analysis. Lastly, due to rapid advancements in Al-based language
correction, especially through the application of Transformer and Large Language Models, some
technical results may need updating in light of emerging models, datasets, and measures. Therefore,
future research work needs to construct a local Arabic learner corpus, test Al-based grammar
checkers based on the insha’ writings of Indonesian students, assess their effects on writing
development, and construct human-in-the-loop learning models.

CONCLUSION

This systematic literature review synthesised eleven studies published between 2020 and
2025 to examine Al-based Arabic Grammatical Error Correction (GEC) and its implications for insha’
learning among non-native Arabic learners. The review indicates that the most recurrent learner
errors involve agreement, definiteness, morphological ambiguity, sentence-level grammatical
relations, and orthographic or diacritical ambiguity. Across the reviewed studies, Arabic GEC has
evolved from rule-based and hybrid approaches to neural, Transformer-based, and large language
model (LLM)-based systems, enabling more context-sensitive correction while continuing to face
challenges related to i’rab, diacritics, syntactic dependencies, learner-specific error profiles, and the
reliability of grammatical explanations.

This review also demonstrates that Al-based Arabic GEC has considerable pedagogical
potential when implemented as a formative feedback tool that supports learner autonomy, revision,
and error-based instruction. Rather than replacing teachers, Al should be integrated through a
human-in-the-loop approach in which automated feedback is critically evaluated by learners and
validated by instructors. By synthesizing learner error patterns, Al-based correction models, and
pedagogical perspectives within a single framework, this review contributes to a more
comprehensive understanding of how Al can support Arabic writing instruction. Future research
should focus on developing learner corpora based on Indonesian Arabic learners, empirically
evaluating Al-assisted grammar correction in classroom settings, and designing instructional models
that effectively integrate Al with teacher-guided feedback.
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