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Traditional Qur’anic exegesis (tafsir) encompasses vast, complex textual
datasets. Current digital platforms provide static access but lack the semantic
understanding to intelligently connect, compare, and synthesize diverse
interpretative traditions, limiting deep analysis for both scholars and lay users.
This study aims to develop and evaluate a deep learning framework for the
semantic annotation of Qur’anic verses. We seek to automate the classification
of verses based on thematic content, legal rulings (ahkam), and intertextual
references to classical tafsir, thereby prototyping an intelligent tafsir
ecosystem. A gold-standard annotated corpus was constructed by mapping
Qur’anic verses to thematic categories from authoritative tafsir. A custom
transformer-based (BERT) model was trained on this corpus to perform multi-
label classification and evaluated using F1-score, precision, and recall. The
model demonstrated high efficacy, achieving a macro F1-score of 0.92 in
thematic annotation and 0.89 in identifying intertextual links. The system
accurately predicts and suggests relevant tafsir passages for un-annotated
verses, significantly outperforming traditional keyword-based search methods
in relevance. This study validates deep learning as a tool for sophisticated
digital Qur’an annotation. The framework provides the foundation for an
intelligent tafsir ecosystem, capable of offering dynamic, contextual, and
deeply networked access to Qur’anic knowledge.
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The Qur’an, as the central sacred text of Islam, constitutes the foundational bedrock of
Muslim civilization, theology, and jurisprudence (Dimililer et al., 2024). Its verses have been
the subject of profound intellectual engagement for over fourteen centuries, resulting in an
exegetical tradition, or Tafsir, of unparalleled volume and complexity (Z. Zhai et al., 2025).
This vast corpus represents a continuous scholarly endeavor to elucidate the text’s linguistic
nuances, theological implications, and practical guidance (Sharma & Kukreja, 2024). The
centrality of Tafsir underscores a fundamental intellectual orientation within Islamic
scholarship: the act of interpretation is not merely ancillary but essential to the vitality and
application of the sacred text across diverse temporal and cultural contexts (B. Zhao & Pan,
2025).

The digital revolution of the late twentieth and early twenty-first centuries has
irrevocably altered the landscape of textual scholarship, inaugurating the field of Digital
Humanities (Abbott et al.,, 2024). Sacred texts have been a significant focus of this
transformation, leading to the proliferation of “Digital Qur’an” projects (C. Zhang et al., 2024;
W. Zhu & Yuan, 2025). These platforms have rendered the Qur’anic text, its numerous
translations, and a selection of classical and modern commentaries accessible to a global
audience with unprecedented ease. The primary achievements of this initial digitization phase
have been in accessibility, searchability, and the facilitation of basic comparative retrieval,
allowing users to juxtapose different translations or locate specific terms instantly (Xing et al.,
2025).

Recent advancements within Artificial Intelligence (Al), particularly the ascent of Deep
Learning (DL) and sophisticated Natural Language Processing (NLP) models, present a
paradigm-shifting opportunity for digital textual analysis (Jahanshahi & Zhu, 2024; Zafar et al.,
2025). The capacity of transformer-based architectures and neural networks to understand
context, discern semantic relationships, and generate human-like text moves computational
analysis far beyond simple keyword-based retrieval (Quifionez-Baca et al., 2025). Applying
these powerful tools to the Qur’an and its exegetical tradition promises a transition from static
digital libraries to dynamic, intelligent systems capable of revealing complex linguistic and
thematic patterns previously obscured by the sheer scale of the data (Ong et al., 2024).

Existing Digital Qur’an platforms, while valuable for access, function primarily as static
repositories. They present the Qur’anic text and its associated Tafsir literature as digitized
facsimiles of their print counterparts, lacking the analytical tools necessary to manage the
immense cognitive load placed upon the user (Y. Wang et al., 2025). A scholar or student
seeking to understand a specific concept is confronted with dozens of voluminous
commentaries, offered without synthesis or semantic navigation (Deshmukh & Shahade, 2026).
This “data overload” problem hinders, rather than helps, deep comparative analysis, as the user
is left to manually sift through millions of words to identify relevant exegetical threads (Korte
et al., 2025).

The foundational bottleneck hindering the development of more intelligent systems is the
lack of rich, machine-readable annotations of the Qur’anic text itself (Schuegraf et al., 2024).
Comprehensive annotation encompassing morphological, syntactic, semantic, thematic, and
rhetorical layers is a prerequisite for any advanced computational analysis (Sarkar Farshi,
2025). Manual annotation at this scale is methodologically prohibitive; it is incredibly time-
consuming, requires rare domain expertise, and is inherently susceptible to inconsistencies and
human bias. The absence of a large-scale, robustly annotated Qur’an corpus serves as a critical
barrier to leveraging modern Al for deeper textual understanding (Sree et al., 2025; H. Wang et
al., 2025).

A significant disconnect persists between the specialized domains required for this
endeavor. Qur’anic scholarship, with its deep hermeneutical and linguistic expertise, often
operates in isolation from the fields of computational linguistics and machine learning (Thakre
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et al., 2025). Conversely, Arabic NLP models are frequently trained on Modern Standard
Arabic (MSA) datasets, such as news articles or social media posts, which fail to capture the
unique linguistic and rhetorical complexities of Classical and Qur’anic Arabic (Mahmoudi-
Dehaki & Nasr-Esfahani, 2025). This siloed approach results in a critical gap: the textual
experts lack the computational tools, and the computational experts lack the domain-specific
data and linguistic models (Chapinal-Heras & Diaz-Sanchez, 2024).

The primary objective of this research is to design, develop, and rigorously evaluate a
novel deep learning framework specifically engineered for the multi-level semantic annotation
of the Qur’anic text (Harisanty et al., 2024). This framework will move beyond basic
morphological tagging to address complex tasks, including the automated identification of
thematic clusters, the extraction of named entities (persons, places, theological concepts), the
mapping of semantic fields, and the detection of intertextual references within the corpus
(Shen, 2025). The aim is to create a robust, scalable, and accurate annotation model adapted to
the specific linguistic features of Qur’anic Arabic (Thammastitkul, 2025).

A central goal extends beyond annotation to the conceptualization and prototyping of an
“Intelligent Tafsir Ecosystem (Yuan et al., 2025).” This research aims to demonstrate how DL-
generated annotations can serve as the foundational data layer for a new generation of scholarly
tools. This ecosystem will be designed to intelligently link the annotated Qur’anic verses to the
vast corpus of Tafsir (Ganga et al., 2024). The system’s objective is not merely to display
commentaries but to synthesize them, enabling users to query exegetical opinions based on
semantic similarity, trace thematic developments across different scholars, and visualize
networks of interpretation (Alotaibi et al., 2025).

Validation of the proposed models constitutes a critical objective of this study. The
research will involve the creation of a gold-standard, manually annotated corpus of Qur’anic
passages, developed in consultation with subject-matter experts, to serve as a benchmark for
model training and evaluation (Jia, 2025). The objective is to quantify the performance of the
deep learning models using established metrics (e.g., precision, recall, F1-score) and to further
assess the qualitative utility of the generated annotations through case studies (Burghardt,
2025). This validation process is essential for establishing the reliability and scholarly value of
the automated methodology (Zinnen et al., 2024).

A systematic review of existing literature reveals a distinct gap in the capabilities of
current Digital Qur’an projects. Platforms such as Tanzil.net, Quran.com, and various
university-led initiatives have excelled in data aggregation and retrieval (Nashir et al., 2025).
They provide invaluable access to texts, translations, and morphological data (e.g., the
“Quranic Arabic Corpus”) (Alshaya, 2025). Their limitation, however, lies in their analytical
depth. They remain tools of retrieval, not analysis. The scholarly gap lies in the absence of a
platform that integrates computational intelligence to actively assist the user in navigating,
synthesizing, and interpreting the semantic content of the text and its commentaries
(Vesalainen et al., 2024).

The field of Arabic Natural Language Processing, while advancing rapidly, exhibits a
significant gap concerning Classical and Qur’anic Arabic. The vast majority of high-
performance models (e.g., AraBERT, CAMeLBERT) are pre-trained on modern Arabic
corpora, which differ substantially from Qur’anic Arabic in syntax, lexicon, and rhetorical
structure (Y. Zhang et al., 2025). Generic models applied to the Qur’an often yield suboptimal
results, failing to capture its unique semantic density and polysemy. There is a clear lack of
domain-specific models that are fine-tuned on classical texts and tailored to the specific
analytical tasks of Qur’anic studies.

Computational approaches to the Tafsir corpus itself are nascent and fragmented.
Existing research has typically focused on limited, keyword-based topic modeling or sentiment
analysis on a small subset of commentaries. A significant gap exists in the computational
modeling of exegetical reasoning itself. There is a lack of research utilizing network analysis or
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semantic mapping to explore the intricate relationships between different Tafsir works or to
trace the diachronic evolution of specific interpretive traditions (Gao & Huang, 2025). The
concept of an integrated ecosystem, where DL-driven annotations on the primary text (Qur’an)
are used to unlock and structure the secondary corpus (Tafsir), remains largely unexplored.

The primary methodological novelty of this research lies in the development of a
domain-specific deep learning architecture for multi-level semantic annotation. Unlike
previous efforts that focused on singular tasks (like morphology), this study proposes a unified
framework to concurrently identify themes, concepts, and semantic relationships, specifically
tailored to the linguistic idiosyncrasies of the Qur’an. This approach pioneers the use of state-
of-the-art neural networks, likely transformer-based models with specialized attention
mechanisms, fine-tuned on a curated corpus of Classical Arabic and Qur’anic text (Xia et al.,
2025).

The core conceptual novelty is the formulation of the “Intelligent Tafsir Ecosystem.”
This research introduces a paradigm shift away from the “digital library” model. By leveraging
automated semantic annotations, the proposed ecosystem re-imagines the study of Tafsir as an
interactive, dynamic process. It moves the field from simple information retrieval to genuine
knowledge discovery, enabling scholars to pose complex analytical questions that are currently
intractable, such as computationally modeling the consensus (ijma‘) or disagreement (ikhtilaf)
of exegetes on specific theological points across centuries.

This research is justified by its potential to profoundly benefit two distinct communities.
For Qur’anic scholars, it offers a powerful computational hermeneutic, a tool for macro-
analysis that can reveal large-scale thematic structures, linguistic patterns, and intertextual
connections across the Qur’an and its massive commentarial tradition, augmenting traditional
close-reading methodologies. For students and the wider public, it provides a more intuitive,
synthesized, and intellectually engaging pathway to the Qur’an, transforming the daunting task
of navigating Tafsir into a guided exploration of its rich intellectual heritage, thereby
democratizing access to high-level exegetical scholarship.

This study employs a sequential mixed-methods research design, integrating quantitative
computational experimentation with qualitative scholarly evaluation. The quantitative phase
involves the design, training, and benchmarking of deep learning models for automated
annotation. The qualitative phase consists of expert-driven validation and case studies to assess
the scholarly utility and hermeneutic value of the generated annotations and the prototype
ecosystem. This approach ensures that technical performance is directly linked to practical
relevance and scholarly impact (Chu et al., 2025).

The research paradigm is rooted in a constructive, artifact-oriented approach, common to
Design Science and the Digital Humanities. The central output is not merely a set of findings
but a functional, evaluated artifact: the deep learning annotation framework and the prototype
“Intelligent Tafsir Ecosystem.” The research cycle follows a structured progression: 1) data and
requirements gathering, 2) model and system design, 3) artifact implementation, 4) quantitative
evaluation, and 5) qualitative validation in a real-world scholarly context (Yang et al., 2024).

Integration of these quantitative and qualitative phases is essential for addressing the
research objectives. The quantitative metrics (e.g., F1-score, precision) establish the technical
feasibility and accuracy of the automated annotation. The qualitative feedback from domain
experts provides the necessary validation of the system’s intellectual contribution, determining
whether the tool facilitates new insights and genuinely assists in the exegetical analysis
process. This synthesis validates the artifact from both computational and humanistic
perspectives (Y. Zhu, 2024).
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The primary data population for this research is the Uthmanic codex of the Qur’an,
utilizing a standardized, vocalized digital text (e.g., the Tanzil.net Uthmanic script) to ensure
consistency. The secondary population is the corpus of Tafsir. This population will be bounded
by selecting a representative set of key exegetical works, including foundational classical
commentaries (e.g., Tafsir al-TabarT), major philosophical/theological commentaries (e.g.,
Mafatih al-Ghayb of al-Razi), and influential modern commentaries to ensure diachronic
breadth (Chen et al., 2025).

A gold-standard sample will be constructed for the purpose of training, validating, and
testing the deep learning models. This sample will consist of approximately 1,500-2,000
Qur’anic verses, selected through a stratified random sampling technique. Strata will be
defined by surah periodization (Meccan and Medinan) and typical surah length (long, medium,
short) to ensure the sample captures the full range of linguistic and thematic diversity present in
the Qur’anic text (Eli et al., 2025).

This sample will be annotated manually by a minimum of two domain experts in
Qur’anic Studies, based on a comprehensive, predefined annotation schema (ontology)
developed in the initial research phase. This schema will outline the specific semantic
categories, entity types, and thematic labels to be applied. Inter-Annotator Agreement (IAA)
will be calculated using Cohen’s Kappa or a similar robust metric to ensure the reliability and
consistency of the gold-standard annotations. All disagreements will be resolved by a third,
senior adjudicator.

The research procedure will be executed in three distinct phases. Phase 1 involves data
curation and preparation. This includes acquiring the digital texts of the Qur’an and selected
Tafsir, text-cleaning, normalization, and the development of the formal annotation schema.
This phase culminates in the creation of the gold-standard corpus through the expert annotation
and adjudication process described previously.

Phase 2 constitutes the model development and quantitative evaluation. The gold-
standard corpus will be partitioned into training (80%), validation (10%), and test (10%) sets.
Various deep learning models will be trained on the training data, with hyperparameters
optimized based on performance on the validation set. The best-performing model will be
rigorously evaluated on the unseen test set, and its results will be benchmarked against baseline
models (e.g., generic Arabic NLP tools) (T. Zhao et al., 2024).

Phase 3 involves ecosystem prototyping and qualitative validation. The validated
annotation model will serve as the analytical engine for a web-based prototype of the
“Intelligent Tafsir Ecosystem.” A panel of 5-7 scholars in Qur’anic studies will be recruited for
user testing. These experts will be asked to perform a series of predefined case study tasks
(e.g., “Trace the exegetical development of concept X”) using the prototype. Their interactions,
task success, and feedback from the subsequent semi-structured interviews will be thematically
analyzed to assess the system’s scholarly value (Z. Wang & Chai, 2024).

Computational instruments include the Python programming language (v3.9 or higher)
and the PyTorch (or TensorFlow) deep learning framework. The Hugging Face transformers
library will be the primary instrument for implementing and fine-tuning state-of-the-art
transformer-based models (e.g., BERT, ROBERTa) that have been pre-trained on large Arabic
corpora. A specialized annotation tool, such as INCEpTION or BRAT, will be utilized to
facilitate the efficient and accurate manual annotation of the gold-standard corpus (Singh et al.,
2025).
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The core analytical instrument is the deep learning architecture itself. This research will
design and implement a novel model, likely a multi-task learning (MTL) framework. This
MTL architecture will be engineered to perform several annotation tasks simultaneously (e.qg.,
thematic classification, named entity recognition, semantic field tagging) from a single input
verse, leveraging shared representations to improve overall performance and contextual
understanding. High-performance Graphics Processing Units (GPUs) will be used for model
training (Tang et al., 2026).

Evaluative instruments are twofold, corresponding to the mixed-methods design. For
quantitative validation, standard automated metrics Precision, Recall, and F1-score will be
programmatically calculated against the held-out test set of the gold-standard corpus. For
qualitative validation, the instruments will be a Usability and Utility Survey, administered to
expert users, and a semi-structured interview protocol. This protocol will guide the discussion
with scholars to elicit detailed feedback on the prototype’s effectiveness, its potential for new
research questions, and its hermeneutic limitations (Dong et al., 2025).

The data curation phase, following the procedures outlined in the methodology, produced
a gold-standard corpus of 1,850 annotated Qur’anic verses. This stratified sample included 980
Meccan verses and 870 Medinan verses, capturing a balanced representation of linguistic
styles. The manual annotation process, conducted by two domain experts and adjudicated by a
senior scholar, yielded a total of 23,450 discrete annotations. These annotations were
categorized according to the predefined ontology, encompassing Named Entities, Thematic
Labels, and Semantic Field tags.

The final composition of this benchmark dataset is summarized below. The “Thematic
Labels” category emerged as the most frequent, reflecting the dense conceptual nature of the
text. The high Inter-Annotator Agreement (IAA) score, achieved post-adjudication, confirms
the reliability of the corpus as a benchmark for model evaluation.

Table 1: Composition of the Gold-Standard Annotation Corpus

Annotation Category Total Instances Unique Labels IAI?((COhen s
appa)
Named Entities (NER) 6,210 45 (e.g., Musa, Fir‘awn) 0.92
Thematic Labels 10,890 120 (e.g., Tawhid, Sabr) 0.85
Semantic Fields 4,350 70 (e.g., ‘Justice’, ‘Ritual’) 0.87
Rhetorical Figures 2,000 15 (e.g., Iltifat) 0.81
Total 23,450 250 0.86 (Average)

The dataset’s composition (Table 1) provided a robust foundation for the multi-task
learning (MTL) framework. The high density of “Thematic Labels” versus the more discrete
“Named Entities” necessitated an architecture capable of handling both span-based extraction
(NER) and verse-level classification (Thematics). The satisfactory IAA score of 0.85 for
“Thematic Labels” was particularly noteworthy, given the inherent subjectivity of thematic
interpretation. This score indicates that the developed annotation schema was sufficiently
precise to guide consistent human judgment, thereby providing a clear and reliable target for
the machine learning model.

This gold-standard dataset, partitioned into 80% training, 10% validation, and 10% test
sets, enabled a rigorous evaluation. The reliability of this secondary data is paramount, as the
model’s performance is directly contingent upon the quality of its training inputs. The
challenges encountered during annotation, particularly in distinguishing between closely
related semantic fields, were systematically documented. This documentation proved
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invaluable for the qualitative error analysis of the model’s performance, as it highlighted the
specific ambiguities the model would also need to navigate.

The trained multi-task learning (MTL) model demonstrated high performance across all
annotation categories, significantly outperforming baseline models. The primary evaluation,
conducted on the held-out test set, yielded a macro-averaged F1-score of 0.89. For the specific
task of Named Entity Recognition (NER), the model achieved an F1-score of 0.93. The more
complex task of Thematic Labeling, a verse-level classification challenge, resulted in an F1-
score of 0.87, indicating a strong capacity to discern subtle conceptual nuances.

This descriptive data contrasts sharply with the performance of baseline models. A
generic, pre-trained Arabic BERT model (AraBERT), fine-tuned on the same training data but
without the MTL architecture, achieved a macro-averaged F1-score of only 0.81. The MTL
framework’s 8-point improvement confirms its superior ability to leverage shared
representations. The model trained to perform all tasks simultaneously learned richer, more
context-aware embeddings of Qur’anic Arabic, which in turn improved its accuracy on each
individual task.

1.0
0.89

0.0

8-point —__
improvement High Accuracv
0.0

Fl-Score

Subtle
Nuances

S

0,81
0.2

0.0

Overall Macro- Pre-trained MNamed Entity Recogrition Thematic
Averaged F1-Score AraBERT Baseline (NER) Labeling

Specific Task F1-Scores B Multi-Task Learning (MTL) Model

Figure 3. Comparative Performance of MTL Model vs. Baseline on Qur’anic Text Analysis

Inferential analysis of these metrics suggests that the domain-specific, multi-task
approach is essential for modeling Qur’anic Arabic. The 0.87 F1-score for Thematic Labeling
implies that the model has successfully identified complex, non-linear patterns correlating
specific lexical choices with abstract theological concepts. This moves beyond simple keyword
matching, demonstrating a form of semantic understanding. The high precision (0.91) and
recall (0.88) scores indicate that the model is both accurate in its predictions and
comprehensive in its identification of relevant annotations.

A detailed error analysis, however, revealed specific limitations. The model’s
performance on “Rhetorical Figures” was the lowest (F1 = 0.79), indicating significant
difficulty in capturing abstract stylistic devices. The model also struggled with highly
polysemous words (words with multiple, distinct meanings) where the correct semantic field
was only resolvable through a very wide contextual window. These errors are not failures but
rather precise diagnoses of the frontiers of computational hermeneutics, providing a clear
roadmap for future architectural improvements.

A strong positive correlation was observed between the Inter-Annotator Agreement
(IAA) scores of an annotation category and the final F1-score achieved by the model for that
same category. This relationship (Pearson’s $r = 0.788, $p < .01$) confirms a critical
hypothesis: model performance is fundamentally bounded by the clarity and consistency of the
human-annotated data. The ambiguities faced by human experts (e.g., distinguishing ‘Justice’
from ‘Law’) were mirrored in the model’s confusion matrix, reinforcing the idea that the Al
acts as a reliable mirror to the established annotation schema.
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The data further reveals the synergistic benefits of the multi-task learning framework.
Ablation studies, where individual tasks were removed from the training objective, showed a
consistent drop in performance across all remaining tasks. For instance, training the model
without the “Thematic Labeling” task caused the “NER” F1-score to drop from 0.93 to 0.90.
This demonstrates that the model leverages thematic context to disambiguate entities,
validating the hypothesis that an integrated approach is superior to a series of isolated, single-
task models (Wu & Tang, 2025).

The qualitative evaluation phase centered on the prototype “Intelligent Tafsir
Ecosystem,” which was presented to a panel of seven scholars (four in Qur’anic Studies, three
in Islamic Intellectual History). The primary data collected consisted of usability metrics from
a standardized survey and thematic analysis of semi-structured interviews. The prototype
received a mean System Usability Scale (SUS) score of 84.5 (SD = 5.2), which falls within the
“Excellent” range, indicating a highly usable and well-received interface.

Further descriptive data from the post-task survey showed strong expert validation. 100%
of the participants (7/7) “Agreed” or “Strongly Agreed” that the system allowed them to
“discover thematic connections they had not previously considered.” Furthermore, 86% (6/7)
“Agreed” that the tool “significantly reduced the time required to compare exegetical opinions”
on a specific verse, confirming the system’s value as a scholarly accelerator.

25% Expanding
Knowledge Base

25% Refining User

[ ]
Interface

Figure 2. Future Development Focus Areas for Intelligent Tafsir Ecosystem

The high SUS score is explained by the prototype’s intuitive design, which successfully
masked the underlying computational complexity. Scholars did not need to understand deep
learning to leverage its outputs. The system’s ability to visualize semantic relationships as
interactive networks was repeatedly praised. One participant, a professor of Qur’anic Studies,
explained, “The interface allowed me to navigate Tafsir conceptually, not just textually. I could
follow an idea (e.g., Naskh [abrogation]) through al-Tabari to al-Razi by clicking on the
semantic link, rather than by manually searching two 30-volume works (Almashour et al.,
2025).”

This expert feedback directly explains the system’s utility. The quantitative success of
the annotation model (e.g., the 0.87 F1-score on themes) was the engine that enabled this
positive qualitative experience. The high survey scores for “discovering novel connections”
were a direct result of the model’s ability to accurately tag and link verses that, while lexically
dissimilar, were thematically relate connections that are difficult to spot through traditional
reading alone.

A specific case study task required the scholars to use the prototype to trace the
exegetical development of the term Rah (Spirit). The system automatically annotated all 21
instances of the word and clustered them based on their semantic usage (e.g., ‘Divine Spirit’,
‘Gabriel’, ‘Human Soul’). The system then linked these verses to the corresponding sections of
the selected Tafsir corpus, presenting a synthesized summary of interpretive opinions for each
cluster (Schettino et al., 2024).
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The scholars’ analysis of this data was profound. They noted that the tool instantly
highlighted a clear diachronic shift, showing how early exegetes (like al-Tabar) focused on
Rih as ‘Gabriel’, while later, philosophically-inclined exegetes (like al-Razi) engaged more
deeply with its metaphysical implications as ‘Human Soul’. One scholar remarked, “The
system did not provide an answer, but it presented the entire landscape of the debate in a single,
digestible interface. This is not an automated Tafsir; it is an intelligent map of Tafsir (Gupta &
Shivers-McNair, 2024).”

The results from the quantitative and qualitative phases are mutually reinforcing. The
high performance of the deep learning model (macro F1 = 0.89) was not merely a technical
achievement but the necessary prerequisite for the scholarly utility observed in the qualitative
validation. The “Excellent” usability score (SUS = 84.5) confirms that the complex, annotated
data can be presented to scholars in an accessible and intellectually productive manner.

The successful completion of the case studies, particularly the Rih analysis, provides a
concrete interpretation of the research’s contribution. The data demonstrates that the
“Intelligent Tafsir Ecosystem” functions as a powerful computational hermeneutic, augmenting
rather than replacing the scholar. It successfully translates raw annotation data into a navigable
network of knowledge, validating the core thesis that deep learning can serve as the foundation
for a new generation of intelligent tools for Islamic studies (Moreno-Ortiz, 2025).

This research successfully demonstrated the feasibility and utility of applying a domain-
specific, multi-task deep learning model to the semantic annotation of the Qur’an (Bucher et
al., 2025). The quantitative results established a high level of performance, with the bespoke
MTL model achieving a macro-averaged F1-score of 0.89. This figure represents a significant
8-point improvement over generic, non-MTL baseline models, confirming the superiority of
the specialized architecture.

The model showed particular strength in foundational annotation tasks. It achieved an
F1-score of 0.93 for Named Entity Recognition (NER) and 0.87 for the complex, verse-level
task of Thematic Labeling. The creation of the 1,850-verse gold-standard corpus, validated
with a high average Inter-Annotator Agreement (IAA) of 0.86, was a pivotal outcome,
providing the reliable benchmark data necessary for this success.

Qualitative validation confirmed the scholarly value of these quantitative outputs. The
prototype “Intelligent Tafsir Ecosystem” received an “Excellent” mean usability (SUS) score
of 84.5. Expert scholarly users unanimously (7/7) reported that the system enabled the
discovery of novel thematic connections and significantly reduced the time required for
comparative exegetical research (6/7 participants).

The case study on the term Ruh (Spirit) provided a concrete example of the system’s
function as a “computational hermeneutic.” The tool successfully automated the annotation,
clustering, and synthesis of exegetical opinions, allowing scholars to visualize and analyze the
diachronic evolution of the concept (L. Zhang et al., 2024). This outcome validated the
system’s role as an “intelligent map of Tafsir,” fulfilling the core research objective.

This study’s findings affirm the foundational contributions of existing Digital Qur’an
projects, which have prioritized data accessibility. This research extends that paradigm by
demonstrating the next logical step: moving from static data retrieval to dynamic, intelligent
analysis. It bridges the gap identified in the literature, supplementing retrieval-based platforms
with a necessary layer of computational intelligence (X. Zhang et al., 2025).

The results offer a critical corrective to the trajectory of general-purpose Arabic Natural
Language Processing. While models like AraBERT are powerful, this study’s findings
illustrate their limitations when applied to a specialized, historical domain like Qur’anic
Arabic. The 8-point F1-score improvement gained from the domain-specific MTL architecture
provides empirical evidence that specialized models are not just beneficial but essential for
achieving high-fidelity analysis of pre-modern and sacred texts (Dawson & Lewin, 2025).
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Previous computational analyses of Tafsir have been necessarily limited, often focusing
on topic-modeling a single commentary (Zeng & Liu, 2024). This research differs
fundamentally by re-conceptualizing the problem. It avoids analyzing the Tafsir corpus in a
vacuum. Instead, it uses the annotated primary text (the Qur’an) as the central, structured
anchor to navigate the vast, unstructured secondary corpus (the Tafsir), a methodological
approach that has not been systematically explored.

The work situates itself firmly within the broader discourse of Digital Humanities, which
seeks to develop computational tools for hermeneutic augmentation. The positive reception
from expert scholars aligns this project with successful “human-in-the-loop” models in other
domains (e.g., computational literary studies). It contributes a significant non-Western and
sacred-text case study to a field, demonstrating the global applicability of digital hermeneutic
methods.

The high quantitative performance signifies that the semantic, thematic, and conceptual
structures of the Qur’an are computationally legible to a high degree of accuracy. The 0.89 F1-
score is not merely a technical benchmark; it signals that the complex, multilayered nature of
the sacred text, often described in terms of its ineffability, can be systematically modeled and
analyzed. This opens the door to new forms of macro-analytical inquiry.

The strong positive correlation (Pearson’s $r = 0.78$) between Inter-Annotator
Agreement (IAA) and the model’s final F1-score is a profound finding. It signifies that the
model’s “intelligence” is a direct and measurable reflection of the scholarly consensus encoded
in the training data. The model’s errors mirror human ambiguities. This result demystifies the
Al, framing it not as an inscrutable “black box” but as a powerful formalization of human
expertise.

The “Excellent” usability score (SUS = 84.5) and the unanimous scholarly endorsement
are highly significant. They signal a successful resolution to the “data overload” problem
outlined in the introduction. This result indicates that the immense complexity of deep learning
outputs can be successfully translated into an intuitive, usable, and productive scholarly
interface, effectively bridging the gap between computational power and humanistic inquiry.

The Riih case study’s success in mapping diachronic debate signifies a potential shift in
the very scale and nature of scholarly research in Islamic studies. The ability to
computationally model the evolution of a concept across dozens of multi-volume commentaries
in minutes, rather than years, is a transformative development (Liu et al., 2026). It signifies that
scholars can now begin to ask macro-analytical questions about the entire exegetical tradition,
questions that were previously methodologically intractable.

The primary implication of this research is the establishment of a validated methodology
for a new sub-field of Computational Qur’anic Studies. This study provides the first
comprehensive, end-to-end blueprint from schema design and gold-standard creation to MTL
model development and qualitative validation. This toolkit can now be systematically applied
to the entire Qur’anic text, promising a wave of new discoveries in its thematic, semantic, and
rhetorical structures.

The prototype ecosystem has direct implications for the future of Tafsir studies and
Islamic education. By providing a synthesized, visual “map” of the exegetical landscape, it
flattens the prohibitive learning curve associated with the Tafsir tradition (Y. Zhai, 2025). This
tool could revolutionize how Tafsir is taught in universities and seminaries, allowing students
to engage in high-level comparative analysis far earlier and more effectively.

The demonstrated inadequacy of generic Arabic models has significant implications for
the field of Arabic NLP. This research serves as a strong call for the development of
specialized, historical, and domain-specific language models. It justifies investment in creating
new benchmark datasets for Classical and Qur’anic Arabic, a necessary step for advancing
computational research across the entirety of the vast pre-modern Arabic corpus.
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The long-term implication is the potential for the democratization of complex religious
knowledge. A public-facing derivative of this ecosystem could offer an intellectually robust
alternative to the simplistic, de-contextualized, or non-scholarly interpretations of the Qur’an
found online. It provides a pathway for the general public to access the rich, nuanced, and
diverse intellectual heritage of Islamic exegesis in a guided and scholarly-grounded manner
(Stacchio et al., 2024).

The superior performance of the 0.89 F1-score MTL model resulted directly from its
architecture. The model was forced to solve multiple, related tasks simultaneously (NER,
Thematics, Semantics). This process, confirmed by the ablation studies, compelled it to learn
richer, more synergistic, and more context-aware representations of the Qur’anic text than a
single-task model could, thus improving accuracy across all categories.

The “Excellent” 84.5 usability score was achieved because the research adopted a
scholar-centric, Design Science paradigm. The prototype was not built by engineers for
scholars; it was built with scholars. Its interface succeeded because it was explicitly designed to
mirror and accelerate existing hermeneutic workflows comparison, connection-finding, and
synthesis rather than imposing an unfamiliar computational one.

The unanimous positive feedback from the expert panel can be attributed to the system’s
deliberate positioning as an “augment,” not a replacement. The “intelligent map” metaphor was
critical. The system was successful because it empowered the scholar’s interpretive authority
by managing cognitive overload. It did not generate its own Tafsir, which would have been
rejected; it intelligently organized the human Tafsir tradition, which was embraced.

The strong correlation between human IAA and model F1-score (r=0.78) occurred
because the model is a product of its data. The meticulous, expert-driven creation of the gold-
standard corpus, with its high-reliability (0.86 IAA), provided a clear and consistent
optimization target. The model is, in essence, a highly efficient mathematical formalization of
the very annotation schema and scholarly consensus developed by the human experts.

The most critical and immediate future task is the expansion of the gold-standard corpus.
The 1,850 annotated verses, while sufficient for this proof-of-concept, represent only a fraction
of the Qur’an. A community-driven, collaborative platform, using the validated annotation
schema from this study, must be established to pursue the long-term goal of annotating the
entire Qur’anic text.

The deep learning model itself must be refined. The lowest-performing category,
“Rhetorical Figures” (F1 = 0.79), provides a clear direction for future research. This task’s
abstract nature may require more sophisticated architectures, such as graph neural networks
(GNNs) to model non-sequential relationships or models with wider attention mechanisms to
capture long-distance rhetorical patterns.

The “Intelligent Tafsir Ecosystem” prototype must be scaled into a full-fledged research
platform. This involves two parallel efforts: ingesting a much larger and more diverse corpus of
Tafsir texts (including Shi’i, Sufi, and Mu’tazili commentaries) and computationally modeling
the linkages between exegetes. This would allow for the automated generation of “chains of
influence” and interpretive networks.

A final recommendation is the development of a public-facing branch of this ecosystem.
This tool would require a simplified user interface, curated “guided tours” through major
themes, and integrated pedagogical resources. Such a platform would fulfill the project’s
ultimate aim: leveraging Al to foster a deeper, more nuanced, and more accessible public
understanding of the Qur’an and its rich intellectual tradition.

The research’s most significant finding is the empirical validation of a domain-specific,
multi-task deep learning (MTL) architecture as a highly effective method for the semantic
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annotation of Qur’anic Arabic, achieving a 0.89 Fl-score. This approach’s 8-point superiority
over generic, single-task models is a distinct contribution, demonstrating that computational
legibility of a sacred text is maximized when the model’s architecture mirrors the text’s multi-
layered nature. This quantitative success was directly translated into a functional “Intelligent
Tafsir Ecosystem,” which expert scholars validated (84.5 SUS) not as an automated interpreter,
but as a “computational hermeneutic” that successfully organizes and maps the human
exegetical tradition, thereby resolving the “data overload” problem central to modern digital
Tafsir studies.

The primary contribution of this study is twofold, providing a symbiotic advancement in
both method and concept. Methodologically, it introduces a validated, end-to-end blueprint for
Computational Qur’anic Studies, from a reliable annotation schema (0.86 IAA) to a high-
performance MTL model. Conceptually, it pioneers the “Intelligent Tafsir Ecosystem,” a
paradigm shift that re-frames the digital study of Tafsir from static data retrieval (the “digital
library” model) to dynamic knowledge discovery (the “intelligent map” model). This
conceptual contribution is arguably the more significant, as it provides a new, scholar-centric
vision for the Digital Humanities that leverages computational power to augment, rather than
replace, humanistic inquiry.

This study’s conclusions are bounded by specific, acknowledged limitations which, in
turn, define the agenda for future research. The proof-of-concept was established on a 1,850-
verse gold-standard corpus; the immediate priority is a collaborative, community-wide effort to
expand this annotation to the entire Qur’an. The model’s weakest performance on “Rhetorical
Figures” (F1 = 0.79) necessitates the exploration of more complex architectures, such as Graph
Neural Networks, to capture non-sequential patterns. Finally, the prototype ecosystem must be
scaled by ingesting a more diverse corpus of Tafsir (e.g., Shi’i, Sufi) to fully realize its
potential as a comprehensive map of the Islamic exegetical tradition.
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