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Recent advances in Arabic Natural Language Processing (NLP) have been largely
driven by transformer-based architectures and Large Language Models (LLMs),
which outperform traditional approaches across tasks such as sentiment analysis,
machine translation, text classification, and question answering. Nevertheless,
Arabic NLP research remains predominantly technocentric and insufficiently

Accepted: Jun 2, 2026 connected to Second Language Acquisition (SLA) theories and pedagogical

frameworks, thereby limiting its educational applicability. This study aims to
systematically synthesize recent developments in LLM-based Arabic NLP and
critically examine their potential integration into Arabic language learning,
particularly within SLA and Computer-Assisted Language Learning (CALL)
frameworks. A Systematic Literature Review guided by the PRISMA framework
was conducted using Scopus-indexed studies published between 2025 and 2026.
The selected studies were analyzed through thematic synthesis across five
dimensions: model architecture, task domain, data strategies, linguistic focus, and
pedagogical relevance. The findings demonstrate the growing dominance of LLMs,
including AraBERT, AraGPT2, and ALLAM, alongside increased reliance on data
augmentation, synthetic corpus generation, and dialect-specific adaptation.
Evaluation practices are also beginning to extend beyond conventional
performance metrics toward trustworthiness, safety, reasoning, and robustness.
However, the review identifies a near absence of SLA-informed applications, Arabic
LLM-based CALL systems, and human-centered evaluation involving usability,
learner engagement, trust, and cognitive load. Despite this gap, LLMs offer
substantial pedagogical potential through adaptive feedback, contextualized input,
interactive dialogue, and personalized learning support. The study concludes that
Arabic NLP requires stronger interdisciplinary integration with SLA and CALL to
transform technological capabilities into learner-centered, pedagogically
grounded, and empirically validated language-learning applications.
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INTRODUCTION

The rapid advancement of artificial intelligence (Al) has fundamentally transformed language
education by enabling more adaptive, interactive, and personalized learning experiences. Within this
transformation, Natural Language Processing (NLP) has become one of the most influential
technologies for supporting language learning through applications such as automated feedback,
intelligent tutoring, machine translation, dialogue systems, and text generation. Recent
breakthroughs in transformer-based architectures and Large Language Models (LLMs) have
substantially expanded these capabilities by enabling contextual language understanding and
human-like language generation. In Arabic language processing, this technological evolution has
accelerated with the emergence of Arabic-specific LLMs, including AraBERT, AraGPT2, and ALLAM,
which have demonstrated remarkable performance across diverse NLP tasks (Khader et al., 2025;
Saiful Bari et al, 2025). Consequently, Arabic NLP has evolved into one of the fastest-growing
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research domains within artificial intelligence, offering significant opportunities to reshape Arabic
language education.

The increasing sophistication of Arabic NLP is particularly important because Arabic remains
one of the most linguistically complex languages for both computational processing and second
language learning. Rich morphology, orthographic ambiguity, and extensive dialectal diversity
continue to present substantial challenges for developing intelligent language learning systems
capable of supporting learners across different proficiency levels (Boulesnam & Boucetti, 2025;
Dahou et al, 2025). At the same time, learners of Arabic increasingly require digital learning
environments that provide immediate feedback, contextual interaction, and personalized
instructional support beyond conventional classroom settings. Advances in LLM technology create
new possibilities for addressing these needs through conversational agents, automated writing
assistance, intelligent assessment, and adaptive learning pathways. These developments indicate
that Arabic NLP is no longer merely a computational research topic but has become increasingly
relevant to the future of Arabic language education.

In parallel with these educational demands, Arabic NLP research has experienced remarkable
technological progress during the past few years. Transformer-based models have consistently
achieved superior performance in sentiment analysis, question answering, machine translation, and
text classification, outperforming earlier rule-based and conventional machine learning approaches
(Alrashidi & Mathkour, 2026; Alrayzah et al,, 2026; Ferroud et al., 2026). The development of
specialized benchmark datasets, including AraEventCoref and Arabic WikiTableQA, has further
strengthened evaluation practices and accelerated methodological innovation within the field
(Aldawsari & Dawood, 2025; Alsolami & Alrayzah, 2025). Recent applications have also expanded
into hate speech detection, cyberbullying identification, legal document classification, bilingual
summarization, and aspect-based sentiment analysis, demonstrating the versatility of LLM-based
Arabic NLP across numerous linguistic tasks (Alshahrani & Aksoy, 2025; Hithnawi et al., 2025;
Tahtah et al,, 2025; Galhom et al., 2025; Bakr et al., 2025). Collectively, these studies confirm that
Arabic NLP has reached a high level of technological maturity supported by increasingly
sophisticated models and evaluation resources.

Despite these impressive technological achievements, the educational utilization of Arabic
NLP remains considerably underdeveloped. Existing studies predominantly emphasize
improvements in algorithmic performance using technical evaluation metrics such as accuracy,
precision, recall, and F1-score, while paying relatively little attention to pedagogical effectiveness
and language acquisition processes. Moreover, ongoing research addressing dialect adaptation,
transfer learning, multilingual corpora, and synthetic data generation primarily seeks to improve
computational performance rather than facilitate meaningful language learning experiences
(Essameldin etal., 2025; Shang et al., 2025; Hamed et al., 2025; Shi & Agrawal, 2025; Almeman, 2025;
Nashir et al., 2025). As a result, technological innovation has progressed far more rapidly than its
pedagogical implementation. This imbalance raises an important question regarding how the
capabilities of modern Arabic LLMs can be translated into meaningful learning experiences that
support Arabic as a foreign or second language.

Previous studies generally converge into two dominant streams. The first stream focuses on
developing increasingly powerful Arabic NLP models through advances in transformer architectures,
benchmark construction, and task-specific optimization across sentiment analysis, machine
translation, question answering, summarization, and text classification (Ferroud et al., 2026; Galhom
et al, 2025; Alrayzah et al., 2026; Bakr et al., 2025). The second stream concentrates on overcoming
linguistic challenges inherent to Arabic, particularly dialect diversity, low-resource settings, code-
switching, and corpus development through transfer learning, data augmentation, and dialect-aware
adaptation strategies (Boulesnam & Boucetti, 2025; Dahou et al., 2025; Essameldin et al., 2025; Shang
etal, 2025; Hamed et al,, 2025; Shi & Agrawal, 2025; Almeman, 2025; Nashir et al.,, 2025). Although
these studies collectively establish a robust technological foundation for Arabic NLP, they
predominantly evaluate computational efficiency rather than educational value. Consequently, the
literature provides limited insight into how these technological advances can be systematically
incorporated into language teaching and learning.

A further limitation is that existing literature rarely integrates Arabic NLP with established
educational theories, particularly Second Language Acquisition (SLA) and Computer-Assisted
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Language Learning (CALL). Research discussing artificial intelligence in Arabic education generally
remains conceptual and seldom synthesizes empirical findings from Arabic NLP to explain how LLM
capabilities may support learner interaction, comprehensible input, feedback generation, or
language production (Guessoum et al.,, 2026). Likewise, current evaluation frameworks primarily
assess model performance while overlooking learner-centered dimensions such as engagement,
communicative competence, usability, trust, and cognitive load. These limitations reveal a critical
research gap: although Arabic NLP has become technologically mature, its pedagogical integration
remains insufficiently conceptualized and empirically examined. Therefore, a comprehensive
synthesis that bridges technological innovation with language learning theory is urgently needed to
guide future research and educational practice.

Based on these considerations, this study aims to systematically synthesize recent
developments in LLM-based Arabic NLP while critically examining their implications for Arabic
language learning through the perspectives of SLA and CALL. Specifically, this review analyzes
methodological trends, application domains, emerging technological challenges, and pedagogical
opportunities reported in recent literature. Beyond mapping technological developments, this study
proposes a conceptual framework that connects LLM capabilities with language acquisition
principles to support learner-centered Arabic language education. Theoretically, the study
contributes to strengthening interdisciplinary discourse between artificial intelligence, Arabic NLP,
and language education. Practically, the findings provide directions for researchers, educators, and
educational technology developers in designing more pedagogically meaningful Al-supported Arabic
learning environments.

METHOD

This study employed a qualitative Systematic Literature Review (SLR) to critically synthesize
recent developments in Large Language Model (LLM)-based Arabic Natural Language Processing
(NLP) and examine their pedagogical implications for Arabic language learning from the perspectives
of Second Language Acquisition (SLA) and Computer-Assisted Language Learning (CALL). The SLR
approach was selected because it enables a comprehensive synthesis of fragmented evidence,
facilitates the identification of research trends, and reveals conceptual gaps across interdisciplinary
studies (David & Gelbard, 2025; Kitchenham et al., 2009; Snyder, 2019). The review followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) framework to
ensure transparency, methodological rigor, and replicability throughout the identification, screening,
eligibility, and inclusion processes (Page et al.,, 2021). The review was conducted between May and
June 2026, focusing exclusively on studies published during 2025-2026 to capture the latest
developments in transformer-based architectures and LLM applications in Arabic NLP.

The unit of analysis comprised peer-reviewed scientific publications rather than human
participants. Literature was retrieved exclusively from the Scopus database because of its
comprehensive coverage of high-quality international publications in artificial intelligence,
computational linguistics, and educational technology. The search strategy employed combinations
of keywords, including “Arabic NLP,” “Arabic LLM,” “Large Language Models,” “Transformer,” and
“Arabic Language Processing,” using Boolean operators to optimize retrieval. Eligible studies were
required to be Scopus-indexed, published between 2025 and 2026, and explicitly investigate Arabic
NLP, transformer-based models, or LLM applications across tasks such as sentiment analysis,
machine translation, question answering, text classification, summarization, dataset development, or
dialogue systems. Studies unrelated to Arabic language processing, focused on non-textual
modalities, or lacking sufficient methodological information were excluded to ensure the quality and
relevance of the synthesized evidence.

The literature selection was performed systematically through four sequential stages
following the PRISMA protocol. Initially, potentially relevant publications were identified through
structured database searches, after which duplicate records were removed. Titles and abstracts were
subsequently screened against the predefined eligibility criteria before full-text articles were
assessed for methodological quality and conceptual relevance. Publications satisfying all inclusion
criteria were retained for analysis and documented within the PRISMA flow diagram presented in
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Figure 1. This systematic procedure minimized selection bias while ensuring that the final corpus
represented the current state of research on LLM-based Arabic NLP.
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Figure 1. PRISMA Flow Diagram of Study Selection

Data were collected using a structured literature extraction protocol that served as the
primary research instrument. Each selected publication was systematically coded according to five
analytical dimensions: (1) model architecture, including machine learning, deep learning,
transformer-based models, and LLMs; (2) application domain, including sentiment analysis, question
answering, machine translation, summarization, and text classification; (3) data characteristics,
including benchmark datasets, corpus development, and data augmentation strategies; (4) linguistic
focus, distinguishing Modern Standard Arabic from dialectal Arabic; and (5) pedagogical relevance,
examining the extent to which each study addressed language learning, SLA, or CALL. The coding
framework was developed based on previous Arabic NLP surveys and thematic synthesis
methodology, while methodological validity was strengthened through explicit inclusion criteria,
standardized coding procedures, and repeated verification of extracted information to ensure
analytical consistency across all reviewed studies.

The collected data were analyzed using thematic synthesis, which enables the systematic
identification of recurring patterns, dominant research themes, methodological trends, and
conceptual gaps across heterogeneous studies (Thomas & Harden, 2008). Coding results were
iteratively compared and organized into broader themes describing the technological evolution of
Arabic NLP, emerging research directions, linguistic challenges, evaluation paradigms, and
pedagogical opportunities. These themes were subsequently interpreted through the theoretical
perspectives of SLA and CALL to explain how advances in LLM-based Arabic NLP may contribute to
language learning. Throughout the review process, the study adhered to principles of academic
integrity by accurately representing original findings, providing appropriate citation for all
referenced works, and conducting the synthesis through critical interpretation rather than textual
reproduction, thereby ensuring transparency, credibility, and ethical compliance.

RESULTS AND DISCUSSION

Results

The findings reveal that the current landscape of Arabic NLP is characterized by significant
advances in LLM-based architectures alongside emerging opportunities and persistent gaps in
educational applications. To facilitate a comprehensive presentation of the findings, the results are
organized into two main themes: (1) the development of LLM-based Arabic NLP and (2) pedagogical
opportunities and research gaps related to Arabic language learning. The following sections present
the principal findings representing the overall patterns identified across the reviewed studies.

4 | Learning, Media and Tekhnology in Arabic Education |



Learning, Media and Technology in Arabic Education
Rosyad & Fitria | Bridging Arabic NLP and Language Learning...

Large Language Models in Arabic Natural Language Processing

The systematic review demonstrates that transformer-based architectures and Large
Language Models (LLMs) have become the dominant paradigm in contemporary Arabic Natural
Language Processing (NLP). Across the selected studies, transformer-based models, including
AraBERT, AraGPT2, ByT5, and ALLAM, consistently replace conventional lexicon-based and classical
machine learning approaches in a wide range of Arabic language processing tasks. The findings
further show an increasing adoption of fine-tuning, transfer learning, and domain adaptation
techniques to improve model performance across diverse linguistic contexts, particularly in low-
resource and domain-specific settings. In addition to architectural advances, the reviewed literature
reveals substantial expansion in the range of NLP applications, indicating that LLMs are increasingly
employed beyond single-task solutions. A synthesis of the principal findings is presented in Table 1.

Table 1. Synthesis of LLM-Based Arabic NLP: Architectures, Tasks, Data Strategies, and
Evaluation Trends

Dimension Subcategory Key Findings

Model Transformer-based Dominance of BERT, GPT, and variants (AraBERT,

Architecture ~ Models AraGPT2, ByT5) as state-of-the-art architectures
Large Language Shift toward foundation models capable of multi-task
Models (LLMs) learning and contextual understanding
Hybrid & Fine-tuned  Use of fine-tuning, transfer learning, and knowledge
Models distillation for domain adaptation

Task Sentiment Analysis Transition from polarity detection to aspect-based

Applications sentiment analysis

Wide use in cyberbullying, legal, and domain-specific

T lassification P
ext Classificatio classification tasks

Question Answering Emergence of few-shot and table-based QA systems

(QA)

Machine Translation Transformer-based NMT significantly improves
(MT) translation accuracy

Other Applications Fake review detection, hate speech detection,

summarization

Growth of specialized datasets (e.g., Quranic treebank,

D r ies D Developmen
ata Strategies Dataset Development event coreference datasets)

Use of LLM-based augmentation and hybrid techniques

Data Augmentation (e.g., SMOTE + AraGPT2)
Synthetic Data Automated corpus construction using LLMs for low-
Generation resource scenarios
Dialect . Dialect Identification Ir.lcreasmg focus on Saudi, Moroccan, and Jordanian
Processing dialects
: A i f LLMs for dialect- ifi ks (e.g., Atlas-
Low-resource Dialects daptation o s for dialect-specific tasks (e.g., Atlas
Chat)
Evaluation . Continued reliance on accuracy, precision, recall, and F1-
Performance Metrics
Trends score
Emergence of evaluation frameworks addressing
T fi :
rust & Safety trustworthiness and safety
Reasoning & Increasing attention to reasoning capabilities and
Robustness robustness of LLM outputs

Table 1 summarizes five major dimensions characterizing current developments in Arabic
NLP research. In terms of model architecture, the reviewed studies consistently report a transition
from conventional task-specific models to transformer-based foundation models capable of
supporting multiple NLP tasks within a unified framework. Fine-tuned and hybrid architectures also
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appear frequently, reflecting the increasing emphasis on adapting pretrained models to specialized
linguistic domains and low-resource environments. This architectural evolution is accompanied by
broader model scalability and greater flexibility across diverse Arabic language processing tasks.

The analysis also reveals that task applications remain concentrated in several major
domains. Sentiment analysis, text classification, question answering, and machine translation
constitute the most frequently investigated applications, while fake review detection, hate speech
detection, and text summarization have emerged as additional areas of implementation. Among these
applications, sentiment analysis has progressed from simple polarity classification toward aspect-
based sentiment analysis, whereas question answering systems increasingly incorporate few-shot
learning and table-based reasoning. Machine translation research similarly demonstrates extensive
adoption of transformer-based neural architectures for Arabic language translation.

Another prominent finding concerns the growing importance of data-oriented strategies in
Arabic NLP. The reviewed studies report continuous expansion of specialized datasets, including
benchmark corpora designed for specific linguistic tasks and domains. Data augmentation has
become a common strategy for improving model performance, particularly in low-resource settings,
while synthetic corpus generation is increasingly employed to overcome limitations in annotated
Arabic data. These approaches collectively indicate an increasing emphasis on improving both the
quantity and diversity of linguistic resources available for Arabic NLP research.

Dialect processing also represents one of the fastest-growing research areas identified in this
review. Current studies increasingly address dialect identification and dialect-specific adaptation
using transformer-based architectures and LLMs, with particular attention given to Saudi, Moroccan,
and Jordanian Arabic. Alongside advances in dialect processing, evaluation practices have expanded
beyond conventional performance indicators. Although accuracy, precision, recall, and F1-score
remain the dominant evaluation metrics, recent studies increasingly incorporate additional
dimensions such as trustworthiness, safety, reasoning capability, and robustness. These
developments indicate a broader evaluation landscape in which model performance is assessed
using both technical and reliability-oriented criteria.

Discussion

The findings indicate that the dominance of transformer-based architectures and Large
Language Models (LLMs) marks a substantive shift in Arabic Natural Language Processing (NLP),
rather than a simple improvement in computational performance. This transition is conceptually
important because it moves Arabic NLP from isolated task-specific systems toward more flexible
models capable of contextual understanding, transfer across domains, and multi-task learning. Such
a pattern is consistent with recent evidence showing that models such as AraBERT, AraGPT2, and
ALLAM outperform conventional lexicon-based and machine-learning approaches across sentiment
analysis, translation, classification, and question-answering tasks (Khader et al., 2025; Saiful Bari et
al,, 2025; Alrashidi & Mathkour, 2026; Alrayzah et al.,, 2026; Ferroud et al., 2026). The significance of
this development is particularly strong in Arabic, where rich morphology, orthographic ambiguity,
and dialect variation impose challenges that are less pronounced in many high-resource languages
(Boulesnam & Boucetti, 2025; Dahou et al,, 2025). In theoretical terms, the findings extend the notion
of foundation models by showing that their value in Arabic depends not only on model scale, but also
on linguistic adaptation and contextual sensitivity. Therefore, the current landscape should be
understood as an LLM-centered ecosystem whose progress is inseparable from the structural
characteristics of Arabic itself.
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Traditional Arabic NLP (Pre-Transformer Paradigm)
Rule-based systems - Classical ML models - Task-specific pipelines - Limited contextual modeling

Paradigm Shift
v

Transformer-Based NLP (DL Transition Phase)
Contextual embeddings (BERT) - Improved performance - Still task-oriented

Scaling + Generalization
v

LLM-Centric Ecosystem (Current State-of-the-Art)
Foundation models (ALLAM, GPT) - Multi-task capability - Few-shot / zero-shot learning - Data-driven scalability

Emerging Implications in Arabic NLP
Shift from task-specific — unified models - Increased reliance on synthetic data - Growing focus on dialect adaptation -

Expansion toward trust, safety, reasoning - Persistent gap: lack of pedagogical integration

Figure 2. Paradigm Shift in Arabic NLP: From Task-Specific Models to LLM-Centric
Ecosystems

As illustrated in Figure 2, the evolution of Arabic NLP has occurred through successive stages,
beginning with rule-based systems, progressing through machine learning and deep learning, and
culminating in LLM-driven architectures. However, the reviewed evidence also reveals a paradox:
although LLMs are designed as general-purpose models, their applications in Arabic NLP remain
largely fragmented across separate tasks such as sentiment analysis, cyberbullying detection, legal
classification, machine translation, and fake-review detection (Hithnawi et al., 2025; Tahtah et al,,
2025; Mohawesh et al,, 2025). This fragmentation suggests that the technological generality of LLMs
has not yet produced equivalent conceptual integration at the application level. One possible
explanation is that current research incentives continue to privilege benchmark-specific gains over
cross-task transfer, interoperability, and authentic use contexts. Studies on domain-specific term
extraction and Arabic machine-generated text detection further support this pattern because they
improve technical specialization without necessarily demonstrating broader pedagogical or
communicative relevance (Al-Thubaity, 2025; Al-Shaibani & Ahmed, 2026). Consequently, the
findings modify the dominant narrative of LLM maturity by showing that architectural unification
does not automatically result in functional or educational integration.

A second major issue concerns the growing dependence on data augmentation, synthetic
corpus generation, and specialized benchmark construction. These strategies have become
necessary because Arabic remains under-resourced relative to English, particularly in dialectal,
domain-specific, and pedagogically annotated datasets. Hybrid augmentation using AraBART,
AraGPT2, and Borderline-SMOTE, automated multidialectal corpus generation, and newly developed
resources such as AraEventCoref and Quranic treebanks demonstrate clear progress in expanding
the available data infrastructure (Abdhood et al.,, 2025; Almeman, 2025; Aldawsari & Dawood, 2025;
Nashir et al,, 2025). Nevertheless, the reliance on synthetic data introduces methodological risks
because generated corpora may reproduce model bias, overrepresent Modern Standard Arabic, or
simplify sociolinguistic variation. This concern becomes more pronounced when dialects are treated
merely as classification labels rather than socially situated language varieties. The findings therefore
support data-centric approaches, but they also extend them by emphasizing representativeness,
cultural validity, and educational usefulness as essential quality criteria rather than viewing data
quantity alone as sufficient.

The increasing attention to dialect processing further demonstrates that linguistic diversity
has become a central concern in Arabic NLP. Research on Saudi Arabic classification, Moroccan
Arabic adaptation, and comparative dialect modeling confirms that transformer-based systems can
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be adjusted to underrepresented varieties through fine-tuning and dialect-specific corpora (Aftan et
al,, 2026; Shang et al., 2025; Essameldin et al., 2025). At the same time, these advances remain weakly
connected to Arabic language education, where dialect awareness can influence listening
comprehension, sociolinguistic competence, and learners’ ability to navigate differences between
Modern Standard Arabic and everyday speech. This separation between computational dialect
modeling and instructional use limits the practical value of current innovations. It also reveals that
linguistic authenticity has not yet been translated into pedagogical design, despite its importance for
communicative competence. Thus, the study extends previous dialect-processing research by
positioning dialect adaptation not only as a technical challenge, but also as a curricular and
pedagogical requirement for future Arabic learning systems.

Another important finding is the gradual expansion of evaluation beyond accuracy, precision,
recall, and F1-score toward trustworthiness, safety, reasoning, and robustness. Frameworks such as
AraTrust, AraSafe, and AraReasoner represent an important methodological advance because they
recognize that high-performing models may still produce unreliable, unsafe, or poorly reasoned
outputs (E. A. Alghamdi et al., 2025; Mubarak et al., 2025; Hasanaath et al., 2025). However, these
approaches remain predominantly system-centered and do not yet capture how learners and
teachers experience Al-generated feedback, explanations, or dialogue. In educational settings, model
quality also depends on whether users understand the output, trust the system appropriately, and
can distinguish helpful guidance from misleading responses. Studies on Arabic machine-generated
text detection reinforce this concern by demonstrating the need to evaluate not only output
authenticity, but also how such outputs are interpreted and used (Al-Shaibani & Ahmed, 2026). The
findings therefore broaden current evaluation theory by arguing that pedagogical validity, usability,
and learner interaction should complement technical reliability in any assessment of LLM-based
Arabic learning tools.

The most critical gap identified in this review is the limited integration between Arabic NLP
and established theories of Second Language Acquisition (SLA). Core SLA perspectives emphasize
comprehensible input, meaningful interaction, feedback, and opportunities for output, all of which
align closely with the generative and interactive capacities of LLMs. Question-answering systems,
summarization tools, dialogue generation, and text correction can potentially support these
processes, yet current applications are rarely framed in explicitly pedagogical terms (Alrayzah et al.,
2026; Bakr et al,, 2025; Ibrahim et al., 2026). Domain-specific applications in medicine and other
specialized fields further demonstrate that LLMs can generate contextualized language resources,
but these systems are generally designed for classification or professional assistance rather than
instructional scaffolding (Ahmed et al., 2025; Ouali et al., 2025). This finding does not contradict SLA
theory, but rather reveals that existing Arabic NLP research has not operationalized it. The
theoretical contribution of this study lies in repositioning LLMs as potential mediators of input,
interaction, feedback, and output rather than treating them only as computational engines.

SLA THEORETICAL FOUNDATIONS
Input Hypothesis (Krashen) - Interaction Hypothesis (Long) -Output Hypothesis (Swain)

LLM CAPABILITIES IN ARABIC NLP
Text generation (contextual input) - Dialogue systems (interaction simulation) - Error
detection & correction (feedback) - Multi-task learning (adaptive support)

PEDAGOGICAL MEDIATION (CALL)
Intelligent tutoring systems - Adaptive learning environments - Automated feedback
systems - Personalized language learning

LEARNING OUTCOMES (SLA)
Improved linguistic competence - Enhanced communicative ability - Increased learner
engagement - Development of autonomous learning

<——————— Feedback Loop————
(Human-AlI Interaction, Trust, Cognitive Engagement)

Figure 3. Conceptual Framework for Integrating LLM-Based Arabic NLP into SLA-Oriented
CALL Ecosystems
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Figure 3 translates this theoretical position into a conceptual CALL ecosystem in which
learner input, LLM processing, and pedagogical output are connected through an iterative feedback
loop. The proposed framework extends conventional Computer-Assisted Language Learning by
placing adaptive language generation, automated correction, classification, and personalized
recommendation within a single architecture. It also responds to the limitations of previous studies,
which typically isolate question answering, text generation, or classification without linking them to
learner goals or instructional progression (Alrayzah et al., 2026; Hithnawi et al., 2025; Mohawesh et
al, 2025). In practical terms, such a framework could support intelligent tutoring, dialect-aware
interaction, domain-specific Arabic learning, and real-time formative feedback. Nevertheless, its
implementation requires careful attention to explainability, cultural appropriateness, privacy, and
the possible dominance of Modern Standard Arabic in training data. Accordingly, the framework
should be viewed not as a finished model, but as a research agenda requiring empirical validation
through learner outcomes, usability studies, and classroom-based evaluation.

Taken together, the findings position Arabic NLP at a point of technological maturity but
pedagogical underdevelopment. The field has made substantial progress in model capability, data
construction, dialect adaptation, and evaluation, yet these advances have not been matched by
systematic integration with SLA, CALL, or human-centered educational design. This imbalance
explains why current research demonstrates strong latent pedagogical affordances but provides
limited evidence of actual learning impact. The study therefore fills an important gap by connecting
technical trends with a theoretically grounded model of Arabic language learning. Future research
should test LLM-based Arabic CALL systems through experimental and design-based studies that
examine proficiency, communicative competence, learner engagement, trust, and cognitive load.
Such work would strengthen the global position of Arabic educational technology by moving the field
from technological possibility toward empirically validated pedagogical practice.

CONCLUSION

This study concludes that contemporary Arabic Natural Language Processing is increasingly
dominated by transformer-based architectures and Large Language Models, particularly in
sentiment analysis, machine translation, question answering, text classification, dataset
development, and dialect processing. However, these technological advances remain weakly
connected to Arabic language learning, as most studies continue to prioritize technical performance
rather than pedagogical outcomes, learner interaction, and educational effectiveness. The review
therefore identifies a clear gap between the maturity of Arabic NLP and its integration with Second
Language Acquisition and Computer-Assisted Language Learning. To address this gap, the study
proposes a conceptual framework that positions LLMs as tools for generating comprehensible input,
supporting interaction, providing adaptive feedback, and facilitating learner output. Although the
review is limited to recent Scopus-indexed publications and the proposed framework has not yet
been empirically tested, the findings provide a foundation for future research on learner-centered,
dialect-aware, explainable, and pedagogically validated Arabic CALL systems.
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