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Abstract

This paper introduces resources for the com-
putational study of scientific exegesis (Tafsir
Ilmi): a structured ontology, a curated dataset
of 194 scientifically relevant Quranic verses
linked to 260 exegetical records from two
authoritative Tafsir books, and an annotation
framework that organizes scientific references
by topic and sequential context. Existing
Quranic resources treat verses as unstructured
text, losing the logical order and causal rela-
tionships of scientific concepts documented in
exegesis. To address this, we present QurSci-
Onto, a three-layer ontology that categorizes
verses by scientific domain, links them to au-
thoritative Tafsir, and provides a framework
for representing sequential processes through
stage-based annotations. Our dataset includes
page-level citations and covers 8 major scien-
tific topics across 73 nodes. While the full cor-
pus is tagged with broad categories and scien-
tific topics, a specialized subset features gran-
ular node-level mappings to capture complex
scientific narratives. We release QurSci-Onto
as a foundational resource for Arabic seman-
tic NLP and demonstrate that it enables signif-
icant improvements in semantic retrieval and
enables multi-hop sequential reasoning capa-
bilities over unstructured baselines.

1 Introduction

The application of large language models (LLMs)
in sensitive domains from healthcare to law re-
quires rigorous grounding in structured knowl-
edge to mitigate hallucinations (Ji et al., 2023).
This is particularly critical in Quranic Studies,
where interpretive accuracy and theological nu-
ance are paramount. While recent works have
introduced general Quranic Question-Answering
(QA) datasets (Malhas and Elsayed, 2020) and
morphological ontologies (Dukes and Habash,
2010), a significant gap remains in the domain of
Scientific Exegesis (Tafsir Ilmi).

Scientific narratives in the Quran are not merely
thematic labels. They typically describe re-
lated or sequential processes and are defined by
causality and time. For instance, the descrip-
tion of human embryonic development (Surah Al-
Mu’minun 23:12-14) follows a strict biological
chronology. Existing resources, however, treat
these verses as unstructured text bags, losing the
embedded logical order. There is a clear and ur-
gent need to develop reliable, transparent, and eth-
ically aligned resources that capture this structural
granularity for scientific exegesis (Tafaseer1).

This work makes several key contributions:
1. QurSci-Onto: A Three-Layer Ontology:

A hierarchical framework linking verses to sci-
entific domains, authoritative Tafsir commentary
with page-level citations, and process nodes repre-
senting sequential stages or static entities.

2. Scientific Tafsir Index: A curated dataset
from two Tafsir books, providing structured ex-
egetical records for RAG applications.

3. Hybrid Annotation Schema: A framework
that distinguishes between dynamic processes (us-
ing LogicalOrder to preserve sequence) and
static entities, enabling narrative reconstruction be-
yond simple keyword matching.

We validate the utility of this schema through a
comparative semantic retrieval evaluation, demon-
strating that ontological grounding significantly
improves the retrieval of scientific concepts by
bridging the lexical gap between modern termi-
nology and classical Quranic text. The full anno-
tated dataset, ontology files, and the retrieval code-
base are released to support future research in low-
resource Quranic NLP.2

The rest of this paper is structured as follows.
Section 2 reviews related works in ontologies and

1Tafaseer is the plural of Tafsir and refers to multiple
books of Quranic exegesis (Tafsir)

2Github Link: https://github.com/Ebad-urRehman/
QurSci-Onto

https://github.com/Ebad-urRehman/QurSci-Onto
https://github.com/Ebad-urRehman/QurSci-Onto
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RAG, Section 3 presents the QurSci-Onto frame-
work, dataset attributes and construction pipeline,
Section 4 present Dataset Statistics, Section 5
presents the semantic retrieval evaluation and re-
sults. Finally, Section 6 concludes the paper, fol-
lowed by Ethics Statement, Practical Implications,
and a discussion of limitations in Sections 7, 8
and 9.

2 Related Works

2.1 Quranic Ontologies

Previous efforts have largely focused on morpho-
syntactic structures. Dukes and Habash (2010) es-
tablished the Quranic Arabic Corpus, providing
granular morphological tagging and dependency
trees (Dukes and Buckwalter, 2010). Building
on this foundation, Sharaf and Atwell (2012) de-
veloped QurAna to resolve pronominal anaphora,
while Zaghouani et al. (2012) introduced a pilot
PropBank annotation for semantic roles.

Sherif and Ngonga Ngomo (2015) developed
the Semantic Quran ontology, enabling multilin-
gual RDF representations. These ontologies pri-
marily address linguistic features (parts of speech,
dependencies) or broad thematic categorization
like "Living Creatures" by Khan et al. (2013). Ad-
ditionally, Al-yahya et al. (2010) proposed an on-
tological model for time nouns, categorizing tem-
poral concepts, though without considering the dy-
namic sequentiality of processes.

Recent initiatives have expanded the scope of
Quranic ontologies toward thematic and heritage
modeling. Basharat et al. (2025) (preprint) intro-
duced SemanticTafsir, a knowledge graph derived
from Tafsir al-Tabari that models the text as a cul-
tural heritage, focusing on narrator chains (Isnad)
and historical context. Similarly, Ta’a et al. (2018)
developed a thematic ontology to enhance knowl-
edge retrieval, grouping verses into knowledge
themes like ’Faith’ or ’Worship’. Al-Azani et al.
(2025) introduced OntologyRAG-Q, a Tafsir ontol-
ogy across 15 books with over 4,200 QA pairs, set-
ting a benchmark for retrieval-augmented genera-
tion in general Quranic studies. Tashtoush et al.
(2017) proposed a thematic ontology for human
and social relations, mapping concepts such as kin-
ship and moral domains across Arabic, English,
and Arabizi to support semantic search. Moogab
et al., 2021 proposed the Scientific Miracle On-
tology (SMO), which uses METHONTOLOGY to
categorize scientific facts across multiple domains

into Quranic and scientific concept classes. While
OntologyRAG-Q provides comprehensive Tafsir
grounding for general Quranic QA and the Sci-
entific Miracle Ontology (SMO) categorizes static
scientific facts, QurSci-Onto is the first to model
sequential scientific concepts with explicit causal-
temporal relations.

2.2 RAG in Low-Resource Domains

Domain Retrieval-Augmented Generation (RAG)
has emerged as a standard for grounding LLMs
(Lewis et al., 2020). However, standard RAG
relies on semantic chunking, which often frag-
ments coherent narratives. In the context of Ara-
bic RAG, Al-Rasheed et al. (2025) evaluated var-
ious embedding models, but their focus remained
on general information retrieval. Al-Azani et al.
(2025) introduced the OntologyRAG-Q approach,
a Tafaseer-specific RAG retrieval method that per-
forms Ayah (verse) level chunking and enriches
each chunk by incorporating relevant ontology in-
formation. However, existing retrieval methods do
not preserve sequence or causal relations in sci-
entific exegesis. Our ontology addresses this gap
through causal-temporal semantic enrichment, en-
abling process-aware queries rather than static fact
retrieval.

3 The QurSci-Onto Framework

3.1 Ontology Architecture

The QurSci-Onto framework is built upon three
interconnected layers as shown in Figure 1. (1)
Ayah Ontology, a relational layer that categorizes
verses and maps them to exegesis and scientific
domains; (2) Tafsir Index, a structured index of
exegetical sources; and (3) Scientific Ontology, a
causal-temporal knowledge graph.

Surah:Ayah
(ID: 23:14)

Arabic Ayah Text

English Translation

Themes
(Process, History)

Tafsir Index
(Page Start - End)

Broad Category
(Biology, Geology)

Scientific Topic
(Embryology, Water Cycle)

Process ID
(TOPIC_COSMOS_01)

Scientific Node
(NODE_01, NODE_02)

hasBroadCategory

hasScientificTopic

hasScientificProcessID

hasScientificNodes

hasText

hasTranslation

hasThemes

hasTafsirID

Tafsir ID : TAAK_1_2_19

Layer 3 : Scientific Ontology

Layer 2 : Exegisis Layer

Layer 1 : Ayah Ontology

Figure 1: QurSci-Onto Architecture
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Table 1: Comparison of QurSci-Onto with existing Quranic NLP resources

Resource / Framework Primary Domain Structure Type Scientific Nodes Causal Logic RAG Focus
Quranic Arabic Corpus Linguistic Morphological Tree 7 7 Syntax
Semantic Quran General RDF Knowledge Graph 7 7 Multilingual Linking
OntologyRAG-Q General Tafsir Thematic Ontology 7 7 QA Retrieval
SemanticTafsir Heritage/History Knowledge Graph 7 7 Cultural Context
Noble Quran Ar ontology Social/Human Thematic Ontology 7 7 Semantic Search
Quranic Time Lexicon Temporal (lexical) Taxonomy of Nouns 7 7 Concept Classification
Scientific Miracle Ontology Scientific Static Concept Map 3 7 Fact Matching
QurSci-Onto (Ours) Scientific Exegesis Relation and Process Oriented Graph 3 3 Narrative Reconstruction

3.1.1 The Ayah Ontology
The Ayah Ontology serves as the primary anno-
tated corpus, comprising 194 verses selected for
their scientific relevance cited in the Ayah Index of
Tafsir al-Ayat al-Kawniyah fi al-Quran al-Karim
(El-Naggar, 2001). Each record includes the verse
Arabic and its English translation, as provided in
(Khan, 2019), categorized by broad scientific do-
mains (e.g., Cosmology) and specific phenomena.
Beyond simple thematic tagging, this layer acts as
the framework’s central bridge. It utilizes point-
ers hasTafsirID and hasScientificConceptID
to link scripture directly to exegetical evidence and
ontological nodes.

3.1.2 The Scientific Tafsir Index (Source)
We release a curated dataset that links verses to
their Tafsir in specific sections in two authoritative
books: Tafsir Ayat al-Kawniyah (4 volumes) and
I’jaz al-’Ilmi fi al-Quran (1 volume). This resource
serves as a structured index of 260 records, provid-
ing page-level citations and expert summaries ex-
tracted directly from the books’ table of contents
for scientific verses. This creates a reliable index
for researchers, which can be useful in many RAG
applications.

3.1.3 The Scientific Ontology
We introduce a hierarchical Scientific Ontology
constructed through a data mining process ap-
plied to the source Tafsir Ayat al-Kawniyah. This
schema maps scientific concepts spanning pro-
cesses, natural phenomena, and physical entities
to Quranic terminology. The Ontology contains
8 scientific topics decomposed into 73 nodes.
Unlike existing morphological taxonomies, this
schema models concepts as either static entities
with causal relations, or dynamic sequences (de-
fined by temporal progression), enabling systems
to distinguish between static entities and evolving
processes.

Figure 2 presents an example from the Cosmol-
ogy topic (BigBang_CosmosExpansion), showing

the sequential progression from Ratq (Singularity)
through Fatq (Big Bang) to Musi’un (Cosmic Ex-
pansion).

Figure 2: Sequential ontology mapping Quranic terms
to Big Bang (cosmology). Nodes represent tempo-
ral stages from singularity (Ratq) to cosmic expansion
(Musi’un), linked to verses through Tafsir interpreta-
tions.

This structure allows for the disambiguation of
terms based on their sequential position within a
process. For example, Ratq (رَّگًْ؇) is positioned
as NODE_01 (BigBang_CosmosExpansion_01),
the initial singularity state that precedes the
separation event described by Fatq (Big-
Bang_CosmosExpansion_02) derived from
Tafsir.

Conversely, to model static entities, the ontol-
ogy uses a central root node connected to inter-
acting components rather than a sequence. In the
’Estuary’ topic, the ’Barrier’ (Barzakh) is defined
as the root node (ESTUARY_01). Unlike the dy-
namic process of the Big Bang, this node does not
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Table 2: Core attribute schema for QurSci-Onto. These fields enable hierarchical organization, multilingual sup-
port, and process-aware retrieval. Complete definitions with examples appear in Appendix B.

Layer Attribute Description

Ayah
Ontology

Surah:Ayah Verse citation (e.g., 23:14)
hasTafsirID Pointer to Layer 2 (e.g., TAAK_1_2_19)
hasText Original Arabic text in Uthmani script
hasTranslation English translation by Dr. Mustafa Khattab (Khan, 2019)
hasBroadCategories List of Broader Scientific categories (Biological, Cosmological)
hasScientificTopics List of specific topic described (Embryonic Development, Water Cy-

cle)
hasThemes Themes of the Ayah like Moral or Ethical Reflection.
hasScientificConceptID Pointer to Layer 3 (Scientific Topic/Process ID, e.g., EMBRYO)
hasScientificNodes Pointer to Layer 3 granular nodes (EMBRYO_01, EMBRYO_02)

Scientific
Tafsir Index

TafsirID Unique identifier (e.g., TAAK_1_2_19)
SourceBook Authoritative exegesis book (Tafsir al-Ayat al-Kawniyah, I’jaz al-

’Ilmi)
PageStart-PageEnd Page-level citations for auditability
ScientificTopicTextArabic Summary of scientific phenomenon in Arabic (extracted from book’s

Table of Contents)
ScientificTopicTextEnglish Summary of scientific phenomenon in English (translated from Ara-

bic summary)

Scientific
Ontology

hasTafsirID Pointer to Layer 2 (e.g., TAAK_1_2_19)
hasTopicID Scientific topic identifier (e.g., BigBang_CosmosExpansion)
hasType Classification as Process (sequential stages) or Entity (static phenom-

ena)
hasNodeID Atomic knowledge unit ID (e.g., BigBang_CosmosExpansion_01)
hasRelation Causal relationship (transforms_into, causes) with Parent Node.
hasParentNode Reference to parent node for hierarchical relationships
hasQuranicTermArabic Original Quranic terminology (e.g., (رَّݑْ
hasScientificKeywordsArabic Arabic Scientific words and concepts used in source book
hasScientificKeywords Modern scientific interpretation (e.g., Singularity)
hasLogicalOrder Sequential position within a process (1, 2, 3...)
hasTafsirSummary Concise summary of exegetical explanation linking Quranic term to

scientific concept

change over time; instead, it links to ’Fresh Water’
and ’Salt Water’ to model their interaction (Fig-
ure 3). This captures the stable physical separation
described in Surah 55:20.

3.2 Schema and Attributes

The QurSci-Onto schema is formally defined as a
Directed Property Graph (DPG), where nodes rep-
resent discrete entities and edges represent typed,
semantic relationships. This structural choice en-
ables the explicit representation of hierarchical
categorization, exegetical provenance, and causal-
temporal sequences. The core attributes are de-
fined in Table 2, with full technical definitions pro-
vided in Appendix B.

3.2.1 Core Entities (Nodes)

The graph is composed of three interconnected
node types:

• Ayah: Represents a Quranic verse as a cen-
tral entity linked to both exegetical sources
and scientific concepts.

• TafsirRecord: Represents an entry from an
authoritative exegesis book, providing the in-
terpretive source for a scientific claim.

• ScientificNode: Represents an atomic unit
of scientific knowledge, either a static en-
tity like a mountain or a process stage like
the nutfah stage in embryology. Scien-
tific node (hasScientificNodes) instances
are grouped under a Scientific process
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Table 3: Taxonomy of Semantic Relations in QurSci-Onto, categorized by ontological function.

Category Relation Function & Example

Causal & Temporal

causes / caused_by Direct causality (Gravity → Star Formation)
transforms_into Sequential evolution stages (Nutfah → Alaqah)
precedes Immediate temporal priority (Sperm Motility → Zygote)
determines Decisive factor for an outcome (XY Chromosomes → Gender)

Structural

composed_of Part-Whole composition (Cosmic Smoke → Nuclei)
contained_in Spatial containment (Hailstones ⊂ Clouds)
surrounds Complete encasement (Membranes → Fetus)
covers Surface layering (Musculature → Bones)

Functional

performs_function Teleological purpose (Propolis → Sterilization)
stabilizes Maintaining equilibrium (Pegs → Lithosphere)
facilitates Enabling an action (Navigation → Foraging)
regulated_by Control mechanism (Pycnocline → Fluid Dynamics)

Interaction
interacts_with Dynamic engagement (Fresh Water ↔ Salt Water)
separates_from Divergence/Filtration (Scum → Runoff)
manifests_as Observable form (Charge Separation → Lightning)

Conceptual Mapping
analogy_to Decodes metaphors (Mountains → Pegs)
synonym_to Terminological equivalence (Frontal Partition → Barrier)

Layer 2: Quranic Context (Ayahs)

Layer 3: Scientific Entity Ontology (Topic: ESTUARY)

Root Node (Static Mediator)

Interacting Entities

Surah 25:53

'...two seas, one fresh... one salty...'

Surah 55:20

'...Between them is a Barrier...'

ID: NODE_02

Adhbun Furat  ٌت ا رَ فُ بٌ ذْ عَ

Fresh Water (Riverine)

Type: Entity

ID: NODE_03

Milhun Ujaj  ٌج ا جَ أُ حُ لْ مِ
Salt Water (Marine)

Type: Entity

ID: NODE_01

Barzakh ا خً زَ رْ بَ
Pycnocline / Estuarine Barrier

Function: Separation Logical order 0 for all

Figure 3: Static ontology for estuarine barrier phenom-
ena. Central node (Barzakh/barrier) mediates between
fresh and salt water entities, with verses mapped to
physical components.

(hasScientificConceptID) like EMBRYO
for Human Embryonic Development.

The semantic richness of the ontology is
achieved through a set of predefined rela-
tionship types (edges) that capture exegetical
logic. These relations are organized into five
semantic categories:

• Causal & Temporal: Relations that capture
dynamic processes, causality, and temporal
sequences in scientific phenomena.

• Structural: Relations describing part-whole
composition, spatial organization, and physi-

cal containment.

• Functional: Relations expressing purpose,
regulation, and the functional roles of entities
or processes.

• Interaction: Relations modeling dynamic
engagements, separations, and manifesta-
tions between entities.

• Conceptual Mapping: Relations bridging
Quranic terminology with scientific interpre-
tation through metaphor and direct correspon-
dence.

The relations between scientific nodes are for-
mally defined to encode the causal and sequential
narratives of scientific exegesis, as specified in Ta-
ble 3.

3.3 Resource Construction Pipeline
The dataset was constructed in a sequential multi-
stage pipeline (as shown in Figure 4), designed
to transform raw PDF volumes into a structured
knowledge graph.

Phase 1: Source Indexing & Extraction We
began by curating 5 volumes of authoritative ex-
egesis. We manually indexed scientifically rele-
vant sections to create the Tafsir Index (Layer 2).
This process involved extracting page ranges and
topic summaries directly from the source indices,
ensuring that every downstream data point could
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Phase 1: Tafsir Layer Construction
(Indexing & Extracting Summaries)

Phase 2: Ayah Ontology Construction
(Categorization & Linking)

Phase 3: Scientific Ontology Construction
(LLM Mining & Node Extraction)

Phase 4: Validation

Tafsir Volumes
(5 PDFs)

Manual Indexing
& Summarization Extraction

Tafsir Index (Layer 2)
[ID, PageNo, TopicText]

Topic Mapping
& Categorization

TafsirID

OCR Processing
(Targeted Pages)

Page
Range

Quran Corpus
(Text & Trans)

Ayah Ontology (Layer 1)
[Surah:Ayah, hasTafsirID]

Scientific Ontology (Layer 3)
[NodeID, Relation, LogicOrder]

Context

Expert Verification

Mining

System Prompt:
'KG Engineer'

Final QurSci-Onto
Dataset

Figure 4: Resource Construction Pipeline. The process spans three phases: (1) Source Indexing & Extraction,
(2) Semantic Linking & Categorization, and (3) Automated Graph Mining

be traced back to a specific physical page in the
source text for auditability.

Phase 2: Semantic Linking & Categorization
In this phase, we constructed the Ayah Ontology
(Layer 1) by aligning the Quranic corpus with
the Tafsir Index. Using the hasTafsirID as a
pointer, we linked specific verses to their exeget-
ical sources. We employed Large Language Mod-
els (LLMs) to sequentially process these entries,
classifying them by scientific domain (e.g., Hy-
drology, Embryology), while validating outputs
through manual cross-referencing with authorita-
tive sources to ensure precise contextual analysis.

Phase 3: Automated Graph Mining To build
the Scientific Ontology (Layer 3), we applied Op-
tical Character Recognition (OCR) to the topic-
specific page clusters identified in Phase 1. The
extracted Arabic text was processed by Gemini
3 Pro using a specialized "Scientific Knowledge
Graph Engineer" system prompt as shown in Ap-
pendix 14. The model was instructed to enforce
strict data lineage, extracting:

• Process Nodes: Distinct stages of a scientific
phenomenon (e.g., Ratq, or Fatq).

• Causal Relations: The logic connecting
these nodes (e.g., transforms_into).

• Textual Grounding:
The specific Arabic terminology
(hasScientificKeywordsArabic) from
the text that validates the concept, verified
manually against the source.

Expert Validation The annotation process fol-
lowed a two-stage protocol. Initial annotations
were performed by a computational researcher ad-
hering to a strict extraction schema. To ensure

theological accuracy, the dataset underwent a sec-
ondary validation phase by domain experts from
the Faculty of Islamic Studies. This review fo-
cused on verifying the general theological plau-
sibility of the Tafsir and scientific concept map-
pings, ensuring that the interpretations remained
within the bounds of accepted exegetical possi-
bilities without introducing semantic distortions.
Expert review identified and corrected instances
where LLM-assisted extraction produced inaccu-
rate mappings or interpretations.

4 Dataset Statistics

Dataset composition is shown in Table 4. The cor-
pus comprises 194 scientifically relevant verses,
all of which are broadly topic-categorized and
linked to 260 Tafsir records from two authorita-
tive books (5 volumes total). The Scientific On-
tology decomposes 8 major topics into 73 nodes.
Of the 194 verses, 36 are associated with topics in
scientific ontology, with 24 of them having granu-
lar alignments to specific ontology nodes. Future
work will expand node-level coverage across addi-
tional scientific domains.

Table 4: Statistics of the QurSci-Onto Dataset

Feature Count
Total Annotated Ayahs 194
Total Tafsir Indices 260
Tafsir Books (Volumes) 2 (5)
Unique Scientific Ontology Topics 8
Scientific Ontology Nodes 73
Ayah with ScientificConceptID Mapped 36
Ayah with ScientificNodes Mapped 24

5 Semantic Retrieval Evaluation

We evaluated the information retrieval perfor-
mance using a test set of 24 domain-specific
queries targeting the scientific concepts and pro-
cess nodes defined in the Scientific Ontology
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Table 5: Selected evaluation queries representing different scientific domains with corresponding ground-truth
verses.

Query Ground Truth
Cosmology: big bang universe creation heavens earth joined separated ratq fatq (21:30)
Embryology: embryo development stages nutfah alaqah mudghah sequential (23:14)
Oceanography: two seas barrier barzakh salt fresh water mixing estuarine (25:53)
Biology: honey bees instinct foraging nectar collection (16:68)
Hydrology: wind driving clouds advection convergence (30:48)
General: atmospheric processes weather clouds precipitation (24:43)

layer. Both systems utilized OpenAI’s text-
embedding-3-small model and a FAISS-backed
vector store, with the search space restricted to
the 194 annotated verses to maintain a closed-set
evaluation environment. The Enhanced Implemen-
tation utilizes Ontological Grounding to enrich
verse embeddings and consistently outperformed
the Baseline across all metrics as shown in Ta-
ble 6. These results show that the structured on-
tology captures domain-specific relationships be-
tween modern scientific concepts and classical
Quranic text. Detailed category-wise performance
and statistical significance are provided below.

5.1 Ontological Grounding & Semantic
Enrichment

The performance gains in the Enhanced system are
attributed to the Ontological Grounding of each
verse. While the Baseline system embeds only the
raw English translation, the Enhanced system per-
forms Semantic Enrichment by concatenating the
translation with two specialized layers extracted
from the Knowledge Graph:

• Scientific Description Nodes We
inject modern scientific keywords
(hasScientificKeywords) to align the
verse with contemporary terminology. For
example, this maps the Quranic phrase
"joined together" to the specific scientific
concept "Singularity/Fused Mass."

• Tafsir Summaries We append the exegeti-
cal summary (hasTafsirSummary). This pro-
vides the necessary interpretive context that
bridges the gap between the literal text and
its intended scientific meaning.

These two enrichments provide complementary
semantic layers. Scientific keywords align the text
with modern terminology, while Tafsir summaries
preserve exegetical interpretation.

5.2 Statistical Significance

Statistical significance was determined using a
paired t-test with a sample size of N=24 queries.
As shown in Table 6, the Enhanced Implementa-
tion achieved significant improvements across the
majority of key ranking and retrieval metrics. No-
tably, the results for P@5, P@10, and R@5 all
achieved p < 0.05, while NDCG@10 3 reached a
high level of significance (p < 0.01).

The strong improvement in R@5 (+23.71%)
shows that the Ontology-Guided system doesn’t
just rank known verses better, it actually finds rel-
evant verses that the plain-text baseline misses.
The marginal significance in MRR (p=0.0719) in-
dicates that while relevant verses usually appear
in the top 5, securing the Rank-1 position remains
sensitive to the lexical gap between unconstrained
query phrasing and the standardized terminology
used in our semantic enrichment.

Table 6: Performance comparison of the Baseline Key-
word vs. Ontology-Guided retrieval.

Metric Baseline Enhanced Delta Abs Imp. (%) p-value

P@1⋄ 0.4583 0.5833 0.0125 +27.27% 0.083
P@3 0.3611 0.4167 0.0556 +15.38% 0.2127
P@5* 0.2417 0.2833 0.0417 +17.24% 0.0218
P@10* 0.1417 0.1625 0.0208 +14.71% 0.0218
R@5* 0.6736 0.8333 0.1597 +23.71% 0.0334
MRR⋄ 0.6286 0.7326 0.1040 +16.54% 0.0719
NDCG@10** 0.6281 0.7570 0.1289 +20.53% 0.0105
* p < 0.05 (Significant), ⋄ 0.05 ≤ p < 0.1 (Marginally Significant)

5.3 Category-Wise Analysis

Performance varied based on the density of the Sci-
entific Ontology layer.

High Impact: Oceanography (+43.1%), Em-
bryology (+31.9%) and Hydrology (+27.7%) saw
the largest gains, where Ontological Grounding
successfully bridged the gap between modern tech-
nical terms and the original text.

3P@k (precision at rank k), R@k (recall at rank k),
MRR (mean reciprocal rank), and NDCG@k (normalized dis-
counted cumulative gain at rank k) are standard information
retrieval metrics.
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Figure 5: The distribution of verses across (a) Broad Scientific Categories and (b) Specific Scientific Topics in the
QurSci-Onto dataset, illustrating the coverage and focus areas of our annotated corpus.

Low Impact: In Bee Biology (+0.0%), the
Baseline already achieved a perfect NDCG (1.000)
due to the highly specific vocabulary (e.g., "bees,"
"honey") unique to Surah An-Nahl.

General: General queries saw a modest +7.2%
gain, as the baseline already retrieves these high-
frequency concepts effectively due to the explicit
lexical overlap between the query terms and the
verse text. Table 7 presents the category-wise
NDCG comparison.

Table 7: Category-wise NDCG comparison between
Baseline and Ontology-Guided (Enhanced) retrieval.

Category Queries Baseline NDCG Enhanced NDCG Imp. (%)

Bee Biology 3 1.000 1.000 +0.0%
Cosmology 4 0.733 0.908 +23.8%
Embryology 5 0.501 0.660 +31.9%
General 5 0.478 0.512 +7.2%
Hydrology 4 0.656 0.838 +27.7%
Oceanography 3 0.541 0.775 +43.1%

5.4 Query Examples

Example queries targeting specific scientific con-
cepts are listed in Table 5, with corresponding
ground-truth verses for reference. For instance,
the cosmology query “big bang universe creation
heavens earth joined separated ratq fatq” targets
verses describing cosmic origins (21:30), where

the classical Arabic terms ratq and fatq (“joined”
and “separated”) are mapped to modern concepts
like “Singularity” and “Big Bang” through on-
tological grounding. This demonstrates the sys-
tem’s ability to bridge modern scientific terminol-
ogy with classical Quranic vocabulary.

6 Conclusion

We have developed a comprehensive resource for
the computational analysis of scientific narratives
in the Quran. QurSci-Onto systematically aligns
authoritative exegesis with distinct scientific con-
cepts to capture the logical progression of nat-
ural phenomena. Our expert-validated ontology
provide a foundation for reliable, hallucination-
resistant RAG systems in this sensitive domain.

This research contributes to the field of AI-
driven Quranic NLP by introducing a framework
for extracting causal relations and process-aware
knowledge from exegesis texts. While situated in
the Quranic domain, the methodology aligning sci-
entific exegesis with structured modern ontologies
has broader relevance for analyzing historical and
classical literature. Future work will expand the
ontology to cover additional Quranic verses and
scientific domains.
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7 Ethics Statement

Throughout this project, the Quranic text has been
approached with the highest level of ethical care,
reverence, and sensitivity. Ethical considerations
were integrated into every stage. We explicitly
state that the "Scientific Concepts" mapped in this
ontology are extracted from and represent interpre-
tive possibilities (Tafsir) and do not claim to be the
final or exclusive meaning. The resources are re-
leased for academic research to facilitate the study
of linguistic and semantic patterns.

8 Practical Implications

This work provides structured grounding re-
sources for developing AI systems in sensitive the-
ological domains. We identify the following pri-
mary areas where QurSci-Onto enables novel ca-
pabilities:

Reliable RAG with Provenance: Standard
RAG systems often retrieve fragmented text
chunks that lose context. By grounding genera-
tion in the Scientific Tafsir Index (Layer 2), de-
velopers can build Question-Answering systems
that enforce citation-backed generation, restricting
answers to authoritative page-level sources rather
than generating plausible but unverified text.

Process-Aware Retrieval: Unlike standard vec-
tor retrieval based on semantic similarity alone,
the ontology’s explicit causal-temporal relations
enable structured lookups that preserve sequential
dependencies. This supports multi-hop queries
tracing logical steps in scientific processes like
stages of embryonic development or the water cy-
cle, allowing systems to retrieve contextually con-
nected stages rather than isolated facts.

Structured Educational Tools: The Scientific
Ontology (Layer 3) facilitates the development of
visual pedagogical tools. Unlike static keyword
searches, these tools can render the logical pro-
gression of scientific concepts, like displaying the
embryology sequence as a directed graph, helping
students visualize the distinction between static en-
tities and dynamic processes in the Quran.

Cross-Lingual Semantic Interoperability:
The ontology provides a structured mapping
between Classical Arabic morphology and mod-
ern scientific English concepts, addressing the
semantic evolution from the 7th-century Quranic
vocabulary to contemporary scientific discourse.

This offers a standardized schema for future
translation projects and digital heritage initiatives.

9 Limitations and Future Work

Our current ontology focuses on frequently dis-
cussed topics in classical Tafsir literature, estab-
lishing a replicable methodology. While all verses
are linked to authoritative Tafsir sources with page-
level citations, granular node-level annotations
represent an initial subset for demonstration.

Additionally, the Scientific Ontology was con-
structed using LLM-assisted extraction. Although
validated by experts, the mapping between Classi-
cal Arabic and modern scientific English remains
interpretive. From a computational perspective,
the retrieval evaluation relies on a limited set of
scientific queries and may not generalize to all
Quranic scientific Question-Answering (QA) sce-
narios. Currently, our retrieval evaluation demon-
strates the utility of keyword and summary enrich-
ment but does not yet leverage the full relational
structure of the ontology for multi-hop process-
aware or causal reasoning tasks.

Future work will expand the dataset’s domain
coverage and incorporate multiple Tafsir schools
to broaden interpretative scope. We also plan to
systematically evaluate the relational structure of
the ontology for multi-hop reasoning and complex
logical inferences. Specifically, we aim to develop
reasoning-enhanced RAG models capable of uti-
lizing the ontology’s causal links to reconstruct
scientific narratives and answer complex, process-
driven queries.
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                QUERY CATEGORY DEFINITIONS            

                    1. TECHNICAL QUERIES                                    2. GENERAL QUERIES                

                    • Definition:
                    Queries containing specialized scientific terminology
                    (e.g., pycnocline, advection) that is conceptually specific
                    and often lacks a direct lexical equivalent in classical Arabic.                    

                    • System Implication:
                    These require the ontology to bridge the gap between modern
                    scientific precision and classical metaphorical description.                

                    • Definition:
                    Queries containing broad, high-level concepts (e.g., weather,
                    nature, creation) that frequentlyappear in the Quranic text.                    

                    • System Implication:
                    These queries share significant lexical overlap with target
                    verses (e.g., explicit mentions of "clouds" or "rain"),
                    making them accessible to standard keyword retrieval
                    methods.                

Figure 6: Explanation of General versus Technical Queries

                A.1 AYAH ONTOLOGY
                Core Text & Context            

• Surah:Ayah: PK Identifier

• hasText/Translation: Ar/En Script

• hasBroaderCategories: e.g., Biological

• hasScientificTopics: e.g., Water Cycle

• hasThemes: Context (e.g., Eschatology)

• hasContextualReference: Link to Next Ayah

• hasScientificTafsirTopics: Specific Detail

• hasTafsirID: Link to Layer 2 ➔

• hasScientificConceptID: Link to Layer 3 ➔

• hasScientificNodeID: Link to Layer 3 ➔

                A.2 TAFSIR LAYER
                Exegesis & Provenance            

• TafsirID: Unique Key

• SourceBook: Authoritative Exegesis

• Volume: Source Volume No.

• Tafsir Index: Page Start-End

• Surah / Ayah No: Separate Fields

• ScientificTopicText (Ar): Original Summary

• ScientificTopicText (En): Translated Summary

  hasTafsirID

                A.3 SCIENTIFIC ONTOLOGY
                Process Flow & Relations            

• hasTopicID: Broader Concept

• hasNodeID: Unique Component ID

• hasType: Process vs Entity

• hasLogicalOrder: Sequence (1, 2...)

• hasRelation: e.g., transforms_into

• hasParentNode: Preceding Stage

• hasQuranicTerm: e.g., اًقتر
• hasScientificKeywords (En): e.g. Singularity

• hasScientificKeywords (Ar): e.g. يئادتبا مرج
• hasTafsirSummary: Explanation Link

  hasScientificNodeID

Figure 7: Highlevel overview of hierarchical ontology structure linking verses, exegesis, and scientific concepts.
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                A.1 AYAH ONTOLOGY DETAILS            

                • Surah and Ayah (Surah:Ayah)
                The Ayah and Surah number of the record.            

                • Arabic Text (hasText)
                The original Arabic script of the Ayah inferred from The Quran Dataset.            

                • English Translation (hasTranslation)
                The English translation (Dr. Mustafa Khattab) inferred from The Quran Dataset.            

                • Broad Category (hasBroadCategories)
                The broad scientific field like Biological, Cosmological, Geological.            

                • Scientific Topic (hasScientificTopics)
                The specific phenomenon being described such as Human Embryonic Development, the water cycle, cosmic expansion.            

                • Context (hasThemes)
                The context of the specific ayah or in which the Tafsir is related like Historical Event, Eschatology, Moral or Ethical Reflection.            

                • Related Ayah (hasContextualReference)
                Used when a single scientific exegesis spans multiple continuous verses.
                It links the current record to the subsequent Ayah ID (e.g., linking 25:45 to 46) to ensure the RAG system captures the full narrative flow.            

                • Specific Tafsir Topic (hasScientificTafsirTopics)
                Captures the precise scientific phenomena discussed in the exegesis, offering more granularity than the broader hasScientificTopics.
                Examples include "Stages of cloud formation", "Physics of storm clouds", or "Formation of Hail".            

                • Exegesis Link (hasTafsirID)
                A pointer to the Layer 2 scientific commentary (Tafsir Ilmi), enabling the retrieval of rich-text explanations that interpret the Ayah in scientific terms.            

                • Scientific Concept ID (hasScientificConceptID)
                Pointer to the broader scientific topic in Layer 3 (e.g., "HYDRO_METEO", "EMBRYO"), categorizing the verse under a general phenomenon.            

                • Scientific Node ID (hasScientificNodes)
                Pointer to the specific node (stage or entity) within the scientific graph (Layer 3). This enables RAG systems to retrieve verses based on 
                sequential process flow and causal relations (e.g., ["HYDRO_METEO_04", "HYDRO_METEO_10"]).            

Figure 8: Ayah Ontology schema attributes and their descriptions.

                TABLE A.1: AYAH ONTOLOGY DATA SNAPSHOT
                Selected samples (2:22, 2:26, 11:44, 10:5) illustrating domain diversity and metadata structure.            

ID Text / Translation (Truncated) Broad Cat. Sci. Topics Tafsir Topics Themes Tafsir ID

2:22
                    ... َضرْأَْلٱ مُكَُل لَعََج ىِذَّلٱ
Who has made the earth a place
of settlement for you...                

geological hydrology_water_cycle
Terrestrial &

Hydrological Cycle
process TAAK_1_2_22

2:26
                    ... ٓۦىِحَْتسَْي اَل هََّللٱ َّنإِ
Surely Allah does not shy away

from using the parable...                
biological

animal_behavior
ecosystems

Micro-Complexity
Mosquito Structure

analogical
ethical_theological

TAAK_1_2_26

11:44
                    ... َي لَيِقوَ ىعَِلْبٱ ُضرْأَٰٓ

And it was said, “O earth!
Swallow up your water...                

geological
hydrology_water_cycle
earthquakes_surface

Volcanic Origin of Water
& The Ark

process
historical_event

TAAK_1_11_44

10:5
                    ... سَمَّْشلٱ لَعََج ىِذَّلٱ وَهُ

He made the sun a radiant
source and the moon light...                

physical
cosmological

time_related
light_and_darkness
astronomy_celestial

Reflection from moon
Real light from sun

signs_to_reflect
knowledge

TAAK_1_10_5

Figure 9: Ayah Ontology Dataset Sample.
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                A.2 TAFSIR LAYER DETAILS            

                • Tafsir Book (SourceBook)
                The name of the authoritative exegesis book used (e.g., Tafsir Ayat Al Konia).            

                • Volume (Volume)
                The specific volume number of the source book where the explanation is found.            

                • Tafsir Index (PageNoStart - PageNoEnd)
                Page-level citations within the source volume to ensure auditability and provide grounding for RAG systems.            

                • Surah Number (SurahNo)
                The specific chapter number of the Quran being interpreted (e.g., Surah 2).            

                • Ayah Number (Ayah)
                The specific verse number within the Surah (e.g., Ayah 19).            

                • Scientific Summary - Arabic (ScientificTopicTextArabic)
                The original Arabic summary of the scientific topic extracted from the index (e.g., ..." ةفورعملا حايرلا عاونأل ليصفت ").            

                • Scientific Summary - English (ScientificTopicTextEnglish)
                An English Translation of ScientificTopicTextArabic (e.g., "A detailed exposition on the known types of winds...").            

                • Tafsir ID (TafsirID)
                A unique identifier (e.g., TAAK_1_2_19) used as a pointer to link the Ayah ontology to this Tafsir record.            

Figure 10: Scientific Tafsir Index schema attributes and their descriptions.

                TABLE A.2: TAFSIR LAYER DATA SNAPSHOT
                Selected samples (2:19, 2:26, 10:5, 11:44) showing provenance, indexing, and scientific summaries.            

Tafsir ID (PK) Source Book Citation S:A Scientific Topic (English) Scientific Topic (Arabic) Vol

TAAK_1_2_19 Tafsir Ayat Al Konia pp. 63-70 2:19
A detailed exposition on the
known types of winds, rain-

bearing clouds, and thunder...

،ةفورعملا حايرلا عاونأل ليصفت
... بحسلا نوّكت حرشو 1

TAAK_1_2_26 Tafsir Ayat Al Konia pp. 79-86 2:26
Reference to the mosquito,
highlighting its remarkable

construction and complexity...

نم ىهو ،ةضوعبلا ىلإ ةراشإلا
... تارشحلا طسبأ 1

TAAK_1_10_5 Tafsir Ayat Al Konia pp. 333-340 10:5
Differentiation between light
and illumination; sources of

light from outer space...

ءايضلا نيب حضاولا قيرفتلا
... ءوضلا رداصم ديدحتو ،رونلاو 1

TAAK_1_11_44 Tafsir Ayat Al Konia pp. 347-354 11:44
Conclusion that Earth's water

came from volcanic vents;
location of Noah's Ark...

ضرألا ءام لك نأ جاتنتسا
... اهنطاب نم هللا هجرخأ 1

Figure 11: Tafsir Index Dataset Sample.
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                A.3 SCIENTIFIC ONTOLOGY DETAILS            

                • Topic ID (hasTopicID)
                Unique identifier for each scientific topic such as BigBang_CosmosExpansion.            

                • Node ID (hasNodeID)
                Unique identifier for each component of the scientific topic such as BigBang_CosmosExpansion_01.            

                • Type (hasType)
                Classification as either Process (sequential stages) or Entity (static phenomena).            

                • Quranic Term (hasQuranicTermArabic)
                The original Arabic terminology used in the Quran like اًقتر  for "Singularity/Fused Mass".            

                • Scientific Keywords English (hasScientificKeywords)
                Modern scientific interpretation term in English (e.g., "Singularity/Fused Mass").            

                • Scientific Keywords Arabic (hasScientificKeywordsArabic)
                Modern Arabic scientific terms used in the exegesis to explain the classical Quranic term such as دحاو يئادتبا مرج .            

                • Logical Order (hasLogicalOrder)
                Sequential position of the node within a process.            

                • Relation (hasRelation)
                Relationship to parent node like transforms_into, composed_of, characterizes, is_part_of.            

                • Parent Node (hasParentNode)
                Reference to the preceding stage or parent entity.            

                • Tafsir Summary (hasTafsirSummary)
                Summary extracted from Tafsir explanation linking the Quranic term to scientific concept.            

                • Verse Reference (Surah:Ayah)
                Linked Surah:Ayah citations.            

                • Exegesis Link (hasTafsirID)
                A pointer to the Layer 2 scientific commentary (Tafsir Ilmi)            

                Note : All records are mined from Tafsir Ayat al-Kawniyah..            

Figure 12: Scientific Ontology schema attributes and their descriptions.

                TABLE A.3: SCIENTIFIC ONTOLOGY DATA SNAPSHOT
                Sample process chain (Big Bang & Expansion) illustrating the logical order, causal relations, and term grounding.            

ID Node ID Relation Parent Node Ord. Quranic Term Scientific Keywords Tafsir Summary (Truncated)

1 BigBang_Cosmos
Expansion_01

root_node - 1 اًقْترَ Singularity /
Fused Mass

Initial state of the universe
as a single joined entity...

2 BigBang_Cosmos
Expansion_02

transforms_into ...Expansion_01 2 امَهُاَنْقَتَفَف Big Bang /
Cosmic Inflation

Violent separation or splitting
of the initial fused mass.

3 BigBang_Cosmos
Expansion_03

originates_from ...Expansion_02 3 ٌناَخدُ Cosmic Smoke /
Nebula

Sky transformed into a gaseous
state after separation.

4 BigBang_Cosmos
Expansion_04

composed_of ...Expansion_03 0 Tafsir-Derived Hydrogen &
Helium Nuclei

Smoke contained protons/neutrons
forming H and He nuclei.

Figure 13: Scientific Ontology Dataset Sample.
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                SYSTEM PROMPT FOR REPRODUCIBLE KNOWLEDGE EXTRACTION            

                SYSTEM ROLE:
                You are an expert Scientific Knowledge Graph Engineer and Quranic Scholar. Your task is to extract structured scientific data from unstructured Arabic Tafsir text to build a verified Knowledge Graph (KG).                

                OBJECTIVE:
                Analyze the provided Arabic text. Extract the Nodes (Concepts) and Edges (Relations) for ONE Target Topic only. Structure the data to capture sequences, composition, and crucially source provenance.            

                INPUT VARIABLES:            

• [TARGET TOPIC]: The specific concept (e.g., "Embryology").

• [SOURCE TEXT]: The Arabic content (including Page/Source tags).

                1. DETERMINE TOPIC CATEGORY (hasType)            

                • Process: Events happening over time (e.g., Embryology, Water Cycle). Key Feature: Sequence.
                • Entity: Physical objects or structures (e.g., Cell, Cloud). Key Feature: Composition.

            

                2. SELECT THE CORRECT RELATION (Edge Logic)            

                • Time/Sequence: precedes, causes, transforms_into, originates_from.
                • Structure: composed_of, is_part_of, contains.

                • Function/Prop: has_property, performs_function, has_shape.
                • Context: separates, interacts_with, analogy_to.            

                3. STRICT PROVENANCE & LINGUISTIC VERIFICATION            

                • hasQuranicTermArabic: Must be the exact word from the Ayah (Scripture).
                • hasScientificKeywordsArabic: You MUST extract the specific technical Arabic phrase.  Do not translate; copy from text.

            

                4. SCOPE OF INTERACTION            

                • Include external entities only if the target topic directly acts upon them.                (e.g., if Target="Estuary", include "Fresh Water" and "Salt Water").            

                OUTPUT SCHEMA (CSV FORMAT ONLY)            

                                "id, hasTopicID, hasNodeID, hasRelation, hasParentNode, hasLogicalOrder,
                hasQuranicTermArabic, hasScientificKeywords, hasTafsirSummary,

                Surah:Ayah, hasType, hasSourceBook
                hasScientificKeywordsArabic"                            

                DEFINITIONS OF COLUMNS:            

• id: Sequential Integer.

• hasTopicID: Unique Topic String (e.g., BEE_BIO).

• hasNodeID: Unique Node String (e.g., BEE_BIO_01).

• hasRelation: The edge type connecting this to the Parent.

• hasParentNode: The NodeID this connects to (NULL for Root).

• hasLogicalOrder: Integer (1, 2, 3...) for processes; 0 for entities.

• hasQuranicTermArabic: The specific word from the Verse.

• hasScientificKeywords: Modern English Scientific Concept.

• hasTafsirSummary: 1-sentence summary of the interpretation.

• Surah:Ayah: The verse citation (e.g., 16:69).

• hasType: Process, or Entity

• hasSourceBook: "Tafsir Ayat al-Kawniyah".

• hasScientificKeywordsArabic: The exact Arabic phrase found in the Tafsir text.

                SAMPLE ANNOTATION (FEW-SHOT)            

                                id, hasTopicID, hasNodeID, hasRelation, hasParentNode, hasLogicalOrder,
                hasQuranicTermArabic, hasScientificKeywords, hasTafsirSummary, ...

                
                1, BigBang, BigBang_01, root_node, NULL, 1, , Singularity/Fused Mass,

                Text describes initial state as a joined entity of infinite density., 21:30, Process,
                

                2, BigBang, BigBang_02, transforms_into, BigBang_01, 2, , Cosmic Inflation,
                Text describes violent separation of the fused mass., 21:30, Process,

                            

Figure 14: Complete System Prompt for reproducibility
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Figure 15: Cross-tabulation of topics and categories showing frequency distributions for each relation.
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