Advances in Artificial Intelligence and Machine Learning; Research (Ahead of Print) Received 20-12-2025; Accepted 13-03-2026; Published online 20-03-2026

Deep Learning Framework For Accurate Quranic Speech Recognition

Khalid Almeman kmeman@qu.edu.sa
Unit of Scientific Research, Applied College, Qassim University,

Qassim, Saudi Arabia

Corresponding Author: Khalid Almeman

Copyright © 2026 Khalid Almeman. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Abstract

The paper suggests a deep learning-based architecture of Quranic speech recognition with
specific aim to address prosodic and phonetic demands of Quranic recitation. The model
entails Tajweed conscious linguistic and phonetic articulation, studying and deduction, eval-
uation and feedback, ethical and religious supervision and Quranic information. To facil-
itate benchmarking and reproducible system development in future, it outlines operational
pipeline and quantifiable artifacts (orthographic, phonetic and Tajweed outputs). The frame-
work is installed in a way to enable the assessment of education, accessibility and the devoted
transmission of Quranic recitation by viewing Tajweed as inner phonological restraint.

Keywords: Deep learning, Neural networks, Phonetics, Speech recognition, Quranic recita-
tion.

1. INTRODUCTION

The Holy Quran is of spiritual importance and its recitation is aided by phonetic and melodic princi-
ples of Tajweed, and other recitations referred to as Qira’at [1, 2]. These features, which distinguish
Quranic Arabic from Modern Standard Arabic and pose challenges to automatic speech recognition
(ASR) systems, include pharyngealized and emphatic sounds [3, 4], unusual phonetic phenomena
[4], and regular rhythmic patterns [3]. These classic Arabic structures find it difficult to deal with
such variations, especially in educational or religious settings where accuracy and precision are
highly regarded and the results are low accuracy and misrecognition [5—7]. Moreover, regional
accents and differences in Quranic recitation (Qira’at) are another difficulty for ASR systems [8, 9].

Despite the fact that over time, the general areas of deep learning methods have evolved [10, 11],
their use in the Quranic recitation is still in its infancy [12, 13]. Moreover, their performance is
subject to the quality of available audio and textual data that must be deciphered with the appropriate
phonetic information and diacritic signs to guarantee the accuracy of the system [14, 15]. Such data
can be useful in training models to identify the peculiarities of Quranic recitations, such as intonation
and phonetic variations.
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The development of neural networks, long short-term memory (LSTM) and transformer-based mod-
els [16, 17]. has resulted in speech recognition technologies that are developed very rapidly. The
most recent developments in transformer-based systems, such as Wav2Vec 2.0 [18] and attention-
based decoders [19] have achieved the highest performance in ASR which is why they are used in
Quranic contexts. For example, an end-to-end model for Quranic ASR achieves a word error rate at
score of 6.16% and a character error rate of 1.98%. That is above the current Convolutional Neural
Network-Recurrent Neural Network (CNN-RNN) models [20].

In addition to ASR, researchers have focused more on the identification and correction of Tajweed
rule violations. Al Harere and Al Jallad [14] developed an LSTM-based model using Mel-frequency
cepstral coefficients (MFCC) features that are trained on the QDAT dataset. The model could easily
detect Tajweed mispronunciations with more than 95% accuracy across all the regulations, such
as Idghaam and Ikhfa. Omran et al. [21] employed CNNs to specify the Qalgala rule at the letter
level. They achieved promising results. Building on this work, Al Harere and Al Jallad introduce a
CNN-bidirectional GRU framework that is based on the phoneme level for upscaled rule detection
[22].

Phoneme-level analysis has also brought reciter identification and speaker verification into the
spotlight. A case in point is the application of a CNN trained on MFCC representations, which
reached an impressive accuracy level of 99.66% in the identification of different Quranic reciters
[23, 24]. NASNetLarge transfer learning was used on spectrogram features for distinguishing 20
different reciters and claimed an accuracy of 98.5%. In addition, a recent trial with Mozilla’s
DeepSpeech showed a gender bias in ASR systems. Male-only reciting trained models could not
convey to female voices, thus reinforcing the need for speaker diversity in the construction of
datasets [25, 26].

Notwithstanding this progress, a number of limitations remain. The foremost limitation is the
application of transformer models specifically customized for Quranic ASR, particularly those that
incorporate the modeling process of Tajweed rules. The other limitation is that the majority of
the present studies are based on private or limited datasets, which consequently makes it hardly
possible to measure or compare the results obtained through the different methods applied. The
third limitation is that even though there are systems for Tajweed detection, only a few models have
actually carried out the enforcement or evaluation of compliance with Tajweed during the recitation
process.

Considering these aspects, this paper presents a Quranic speech recognition system that incorporates
Tajweed regulatory units in the modeling system to facilitate automatic checking of the recited
pronunciation. The framework describes (i) a dataset design view, which considers Qiraat diversity
and speaker demographics, (ii) Tajweed-conscious learning and inference modules which relate
acoustic representation to phoneme-level and orthographic outputs, and (iii) an evaluation and
feedback layer, which facilitates educational evaluation under ethical and religious oversight. In this
way, it demonstrates necessity of specific Quranic recitation tools and places ML-based systems as
the auxiliary tools helping learners and teachers to evaluate and improve the accuracy of recitation.

This specification is a faith-conscious and Tajweed-conscious framework that is implementation-
ready and is presented in this manuscript. The deliverables of the current work are (i) an operational
pipeline, which defines particular Al modules and information flow; (ii) a layered conceptual archi-
tecture, which is based on the Quranic linguistic authenticity and ethical-religious supervision; and
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(iii) quantifiable output artifacts (orthographic, phonetic and Tajweed compliance maps) which can
be used in future benchmarking. The specification suggested is deliberately placed as future work
so that it can provide the ability to construct corpus at large scales, train models and evaluate them
quantitatively.

2. FRAMEWORK DESIGN

The given framework develops a theoretical architecture of a Quranic speech recognition system
which exploits deep learning technologies. The framework defines the fundamental structural,
methodological and ethical principles that must be used to design and evaluate any Quranic speech
recognition model. The primary aim is to give a unified theoretical framework, which implicitly
and explicitly expresses authenticity of linguistic features, high-order skills of machine learning,
and holiness of the Quran.

2.1 Conceptual Overview

The framework is divided into five layers. They are interconnected and arranged in a hierarchy
where the Data and Corpus Resources are at the bottom, then Linguistic and Phonetic Representa-
tion, Learning and Inference, Evaluation and Feedback and finally Ethical and Religious Supervi-
sion (FIGURE 1). The upward flow indicates the systematic knowledge extraction of unprocessed
data and the continuous integration of the linguistic constraints, learning mechanisms and religiously
based supervision.

2.2 Data and Corpus Collecting and Analyzing Layer

The fundamental elements of framework will be the foundation of this layer, specifically, the Quranic
Speech Corpora that serves as conceptual framework of the organization of the structured audio-text
data.

Corpora are conceptualized as multifaceted structures of knowledge characterized by three major
dimensions:

* Phonetic Diversity: This focuses on incorporation of the multiplicity of recitation, includ-
ing Tajweed, Tarteel and Hada and the simultaneous adoption of regionally based forms of
pronunciation.

» Demographic Variability: This factor indicates that there is a large disparity of heterogeneous
demographic groups represented. It means that it involves a broad age group, sex and a far
more diverse language environment, which brings the required heterogeneity of the popula-
tion.

» Annotation Schema: This component shows a hypothetical tagging scheme in a way that it
fits the audio records with respect to a specific phonetic characteristic, Tajweed rules and
morphological characteristics. Thereby it allows stricter analytical interpretation.
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Figure 1: Hierarchical Theoretical Framework

2.2.1 Dataset design blueprint: Non-empirical specification

In order to enhance reproducibility on the design level, the Data and Corpus Layer can be defined
using a minimal dataset blueprint. The unit of recording must first be specified (e.g., verse-level
segments with time boundaries, optional word- and phoneme-level boundaries to analyze finer
details). Second, the text must be standardized as canonical Quranic verse text with complete
diacritics, and with an explicit Qira’at label where necessary. Third, the annotation layers must
contain (i) phoneme-level transcription with diacritics, (ii) Tajweed rule tags as span-based labels
(e.g., Idghaam, Ikhfa, Madd categories) to facilitate verification, and (iii) optional prosodic marks
where applicable to thythmic and lengthening phenomena. Finally, a metadata schema should cap-
ture recitation style (e.g., Tarteel/Hadar), speaker demographics, recording conditions and regional
background. A standard train/validation/test split protocol should preserve coverage of Qira’at
variations and demographic balance to reduce speaker and recitation bias, while maintaining strict
textual integrity.

The main concerns of this layer are the data quality and completeness. Instead of focusing on data
gathering procedures, it uses theoretical standards that are the basis of the validation of datasets.
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2.3 Linguistic Structures and Phonetic Representation Layer

This layer investigates the linguistic basis of Quranic recitation and assumes that Tajweed is not an
external set of patterns, but a subset of phonological grammar. A Tajweed Ontology formulates a
new approach to relate the recitative properties, e.g., Ikhfa and Idgham, and the relevant phonetic
features. Theoretically, a mapping function describes it the following way:

(DTajweed D Qrext — Qphoneme

Where:

* Qqext refers to the sequence of the Quran verses.

* O phoneme signifies the abstract set of phonemic articulations that align with Tajweed guide-
lines.

* @74 weea consolidates the rules governing the transformation between textual representation
and phonetic articulation.

This theoretical model represents the network and defines the interaction between the linguistic
and acoustic approaches. It serves as a precise abstraction that educates and guides the process of
choosing the model architecture.

2.4 Learning Algorithms and Inference Mechanisms Layer

The assumption regarding the proposed framework is that the process of acquisition is highly ab-
stracted. It takes place through sequential stages of replacing an acoustic representation by a phono-
logical, and finally, an orthographic representation. This change is clearly evident in empirical
observation and has measurable effects on performance. It is a transformation in the linguistic
competence of the reciter and is accompanied by a series of interconnected phases which link
different domains of knowledge:

f:A—>P—>S

Where:

» A vital component is an acoustic representation, which entails a waveform representation and
spectral attributes.

* # Phonetic (Tajweed -conscious phonemes)

» § Semantic-textual (Surahs/verses of the Quran)

All transformation processes are based on the theoretical learning operators of the respective type
that may include deep models, attention mechanisms, or even mappings of natural predictability.
We can formally define these operands as follows:

f(A) = arg max P(y|A, 0)
yeS
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The symbols, in the current case, are referring to the parameters of the model, which are understood
to refer to the relationship between acoustic properties and linguistic properties of the Quran.

The Learning and Inference Layer is defined by a continuous transfer of knowledge in the acoustic,
phonetic and semantic domains. The interaction, as shown in FIGURE 2, is not a one-way. The
feedback funnels allow the refinement to be iterated so that the representational accuracy of the
system can gradually increase. This is a research method that encourages lifelong growth.

Semantic-
textual
domain

Acoustic
domain

Phonetic
domain

Figure 2: Mutual Exchange in the Knowledge Domains

The symbols in this model are the model parameters, which depict a perfect coordination of the
acoustic features and the linguistic form of the Holy Quran. The Learning and Inference Layer
is defined by active and ongoing knowledge exchange on the acoustic, phonetic and semantic
levels (FIGURE 2). This is two-way process, which thus allows feedback-based refinement to
occur, such that the accuracy of the representation is refined over time. In addition, the framework
is architecture-neutral: any compatible deep learning paradigm, including Convolutional Neural
Networks (CNNs), Recurrent Neural Networks (RNNs) or transformer-based models, can be incor-
porated into mapping process, as long as it can be used within the limits of the theoretical framework
and fulfills its purpose.

2.5 Operational Pipeline and Technical Specification Layer

Although the given framework is mostly theoretical, it can be converted into an operationally-
defined system pipeline that would clarify the meaning of the given framework in regard to actual
Al elements, flow of information and quantifiable results. This layer thus acts as an interface
between the abstract objectives (linguistic authenticity, Tajweed compliance, ethical supervision)
and system modules that can be implemented (acoustic modeling, decoding, phoneme alignment and
rule verification). This is not aimed at claiming the deployment of a fully implemented application
but defining implementation-ready blueprint that renders the framework reproducible in design and
auditable in evaluation.
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2.5.1 End-to-end system pipeline: Conceptual but operationally defined

Proposed Quranic ASR pipeline can be described as a series of interrelated modules with evident
inputs and outputs, in which Tajweed is not a secondary factor:

(1) Input Acquisition and Gating
* Input: Quranic recitation audio signal A with metadata (Qira’at mode, recitation style,
demographic of a speaker).
* Output: Authenticated audio segment stream, which is synchronized to reasonable usage
terms (education/research) and which complies with the Usage Context Principle.

(2) Signal Standardization and Representation.

* Input: Raw waveform A.

* Processing: noise handling, segmentation, and feature representation (e.g., log-mel spec-
trograms) or direct waveform implanting (self-supervised front-ends).

* Output: audio embeddings z which preserve phonetic information of significance in
Quranic pronunciation (lengthening, nasalization, emphatics).

(3) Acoustic-to-Phonetic Modeling: Tajweed-Conscious Phoneme Space.

* Input: acoustic embeddings z.

* Processing: a deep encoder produces a phonetic posterior over a Quranic phoneme
inventory consistent with diacritics and classical phonology.

* Output: candidates for phoneme sequence Q phoneme and confidence profiles which
explicitly allow phoneme-level reasoning as well as word-level transcription.

(4) Decoding to Orthographic Quranic Text

* Input: Q phoneme and a constrained Quranic language model.

* Processing: decoding mechanism (CTC/attention or hybrid) maps phonetic hypotheses
into Quranic orthography with diacritics as a first-class representation.

* Output: predicted verse-level or token-level transcription Qte xt» Which alignment scores
accompany.

(5) Tajweed Rule Verification and Constraint Checking

 Input: aligned pairs (Qte Xt Q phoneme) and the Tajweed ontology.

* Processing: rule-level verification identifies expected rule regions (e.g., Idghaam, Ikhfa,
categories of Madd) and tests acoustic-phonetic data for conformity.

* Output: Compliance of Tajweed map Rry jweea containing rule labels, boundary spans
and violation indicators.

(6) Feedback and Explainability Interface: Conceptual Visualization
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* Input: Qscxs, Rrajweea, confidence metrics.

* Output: learner-facing feedback that is non-offensive, educationally guided, and aligned
with the Transparency Principle (e.g., “rule expected here” rather than theologically
loaded language).

(7) Ethical and Religious Supervision Boundary: Overarching Constraint

The output is restricted at both levels due to (i) textual integrity, (ii) restricted contexts of use
and (iii) transparency. In this regard, supervision is a continuous gating process which restricts
behavior of a system.

This level of operation clearly draws out the difference between:

+ Ideal aspirations: piousness, reality, religious design.
* Operational units: encoder, decoder, aligner, rule checker, feedback module.

* Measurable results: accuracy of transcription, consistency of phoneme alignment, de-
tection of Tajweed rule.

2.5.2 lllustrative architecture compatibility: Non-prescriptive, ready for implementation-

» Framework is architecture-neutral, although may be technically pertinent when mapped onto
popular ASR paradigms. The following empirical statement can be made:

* Front-End / Encoder: Transformer-based acoustic encoders (e.g., wav2vec-style represen-
tations) or Conformer-like encoders to encode local phonetic content and global sequence
information.

* Decoding Head:

— CTC-based decoding for stable alignment properties at the phoneme level; and/or

— Attention-based decoding for richer context modeling in verse-level transcription.

» Language Model Constraint: A constraint of the Quranic text that puts a premium on canon-
ical verse structure and diacritically coherent forms, thereby minimizing free-form hallucina-
tion and enhancing textual integrity.

Conceptual representation of the proposed framework in FIGURE 3, shows how the framework can
be instantiated in a non-prescriptive way without losing Tajweed-conscious verification. The recita-
tion signal is mapped by a shared acoustic encoder backbone (transformer/conformer) into latent
representations which diverge into two outputs. The former branch does decode (CTC/attention)
with a constraint of a Quranic text to generate the diacritized orthographic transcription Q text. The
second branch does phoneme alignment/ mapping and uses a Tajweed verification head with span-
based rule tags to generate the compliance map R Tajweed. These two quantifiable artifacts can be
directly related to the operational outputs of the framework and can be evaluated using the suggested
metrics (LA, PF, SA, PA).

* Tajweed Layer (Head of Rule Verification):
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Conceptual Tajweed-Aware Quranic ASR Architecture

Decoder y
(CTC / Attention) O“Sﬁﬁ;ﬂﬁl"c
—> + > ~ "
(et (diacg;iet?;ed)
Constraint ’ E
Input Audio Signal Acoustic Feedback &
A Standardization Encoder Evaluation
. —> —>
(Quranic & (Transformer / (LA, PF, SA,
Recitation) Representation Conformer) PA)
Tajweed Tajweed
Phoneme Verification Output:
> Alignment / —» Head —®  Rrsjweed
Mapping (span-based (compliance
rule tags) map)

Shared encoder backbone with orthographic and Tajweed branches (conceptual, non-empirical)

Figure 3: Theoretical Tajweed-conscious Quranic ASR architecture with common encoder
backbone and two orthographic decoding and Tajweed verification branches (non-
empirical).

A special verification head, which takes phoneme-aligned representations and produces rule-
level compliance signals. This head may be conceptualized as a classifier across Tajweed
categories with span detection (rule boundary identification). This allows fine-grained educa-
tional feedback.

Within the framework spirit, the layer of Tajweed is regarded as official constraint. It in-
fluences phonetic interpretation and promotes the fundamental goal of spiritually faithful
pronunciation.

2.5.3 Measurable artifacts as operational outputs

In order to prevent the confusion of philosophical vision and engineering deliverables, the pipeline
produces three different classes of artifacts:

1. Orthographic Artifact: Orext (verse/token transcription with diacritics).
2. Phonetic Artifact: Q phoneme (Phoneme sequence and alignment confidence).

3. Tajweed Artifact: IéTa jweed (rule compliance map with span-level interpretation).
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These artifacts are specifically made to facilitate subsequent empirical validation and benchmarking.
At the same time, they are consistent with the conceptual orientation of the current study.

2.5.4 Worked example: Conceptual tajweed-aware verification

To explain operational meaning of the proposed pipeline, a conceptual walk through is outlined
without making any assumption of deployed application or trained model. For instance, a short
passage in the Q;.5; with complete diacritics. The system proceeds as follows:

1. Text-to-Expectation: Tajweed Ontology Projection
From Q;.x:, Tajweed ontology projects expected rule regions (e.g., whether nasalization pat-
tern is expected, is Idghaam context present and is a Madd lengthening category conditioned
by the orthographic context).

2. Acoustic-to-Phoneme Hypothesis:
With a recitation audio segment, the encoder-decoder generates a phoneme hypothesis Q phoneme
with time alignment. It is to retain phonetic evidence that is required to confirm Tajweed.

3. Rule-Level Consistency Check:

The verifier compares the phonetic evidence that is in accordance with the anticipated rule
areas. The outcome is the compliance map which can be pedagogically communicated.

A simplified presentation is provided in Table 1.

Table 1: Conceptual Tajweed-Aware Verification Output

Stage Input Process Output

Ontology Projection Q;.;(diacritics) Detect expected Tajweed  expected rule spans Ry,
contexts

Phoneme Inference audio A encoder — phoneme Q phoneme+ confidence
posterior

Alignment Otexts Q phoneme  forced/CTC alignment token—phoneme span
concept mapping

Verification Rexp+aligned  rule-checking decision Rra jweed: compliant/

phonemes flagged
Feedback IéTa jweed educational rendering learner-oriented guidance

Provided example shows that proposed framework indicates how restrictions of sacred texts (dia-
critics and Tajweed rules) can be transformed into working checkpoints that produce measurable
artifacts without exceeding the limits of ethical control.

10
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2.6 Evaluation and Feedback Layer

Assessment and Feedback layer explains high conceptual performance criteria which are expected
to unify linguistic accuracy with adherence to Quranic principles. It differentiates measure of
technical correctness (the precision of speech-to-text transcription) and the measure of spiritual
fidelity (observance of the rules of Tajweed and the holiness of Quranic pronunciation) in very
obvious way. Theoretical standards are suggested (as presented in Table 2).

Table 2: Measures of evaluation of the deep learning framework of Quranic speech recognition

Metric Conceptual Description Interpretation Target
Linguistic Extent of lexical validity and Evaluation of the exactness and
Accuracy (LA) uniformity specificity of text within a given context.
Phonetic Fidelity Adherence to the Proper Evaluation of the structural soundness of
(PF) Pronunciation of Tajweed Sounds  articulation
Semantic Ensure accurate correspondence Assessing the precision of context within
Alignment (SA)  between verses and their contextual the content

framework
Perceived Assessment relying on personal Assessments of perceived fidelity to
Authenticity (PA) human perception and opinion Quranic teachings

The proposed model proposes involvement of human assessors including reciters and linguists, in
model assessment. The assessment establishes a self-perpetuating cycle of semi-mechanized ap-
proval through use of professionals as agents with positive feedback. The conceptual interpretation
of this integration is as follows:

Eioral = a(LA) + B(PF) +y(SA) +6(PA)

Where a, 8,y and ¢ are the weighing factors displaying the relation value of every measure.

2.6.1 Example assessment procedure

To elaborate on the manner in which the evaluation may be done in a working manner, a step by
step assessment process is provided. (1) WER/CER between the canonical diacritized reference and
the predicted transcription Q rext 18 used to calculate the technical correctness. 2) Phonetic fidelity
is defined as stability of phoneme-level correspondence between Q;.x; and Q phoneme, Which is
consistency of acoustic-to-phonetic mapping with Tajweed-aware representation. (3) Rule-wise
precision/recall (or F1) on predicted compliance map Rz jweed, against predicted rule spans based
on expected rule spans based on projection of Tajweed ontology on Q.. (4) Obtained indicators
are added up to form composite score E;,;q; With programmed weight @, 3, v, §. In addition to this,
borderline cases may be audited using human assessors (qualified reciters and linguists). This assists
in assessing the perceived authenticity and in justification of interpretability of system feedback.

11
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2.7 Ethical and Religious Contexts Layer

Moral layer is the least and simultaneously the most in terms of the purity and the domain permitted
by the structure. It reaches the point of the rule of veneration in such a manner that the sacredness
of the Quran could not be contaminated by machines, even in case they were present at all times.
The notions that are necessary and fundamental are:

 Textual Integrity Principle: Prohibits any alteration, textual or semantic, to original verses
of the Quran or their abbreviation or compilation.

» Usage Context Principle: The outputs of the system are strictly to be used in educational and
research validation.

* Transparency Principle: The decisions made in the model will be in a way that is simple to
comprehend and therefore can be justified by scholars. The aforementioned principles set a
large framework that controls and directs the conduct and application of any derived system.

The Ethical and Religious Supervision Layer is a regulatory layer that covers all the elements of the
framework.

FIGURE 4 sequence shows the significance of this layer in the integrity of morality-based systems.
This enabled intellectual and linguistic interactions without going beyond their boundaries. The
drawing itself is representation of combination of technological thinking and religious rule. They
co-exist and help each another.

Central symbol of the model is the circle, which, simultaneously, symbolizes the ethical and reli-
gious limits that offer control over the other components: the Learning, Evaluation, Linguistic and
Data layers. The arrows towards the center are used to show the controlled interaction between
these components which emphasizes the rule that any religious practice is subject to this layer.

2.8 Limited Interface and Conceptual Visualization

As a way of proving theoretical feasibility, the network has a conceptual user interface which is
meant to be illustrative tool and not to be deployed in practice. This interface displays such processes
as phoneme detection, Tajweed mapping and feedback flow. The key highlights are:

* The figure provides graphical representation of the signal, which has determined the recita-
tions.

* The phonetic components that coincide with the Tajweed annotations are given.

* Indications of conceptual mistakes are brought up, which justify theoretical disparities be-
tween the real and ideal pronunciations.

In this description of abstraction studies, there is an assumption that there is a cognitive-based
interface between human awareness and computational processes.

12
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Figure 4: Supervisory Layer in Ethical and Religious Contexts

2.9 Synthesis of the Framework

TABLE 3 provides brief philosophical overview of the framework, which is accurate enough in
computation and respectful of religious perspectives.

Table 3: Exemplary Cross-Layer Interface Interaction Matrix

Supervising
Layer Inputs Outputs Principle
Data and Corpus Collecting ~ Quranic corpora, Annotated phoneme  Completeness
and Analyzing Layer metadata sequences
Linguistic Structures and Texts units Phoneme ontology Phonetic Authenticity
Phonetic Representation Layer
Learning Algorithms and Acoustic Probabilistic mappings Optimization
Inference Mechanisms Layer information
Evaluation and Feedback Predictions Composite score Balance & Validity
Layer

Ethical and Religious Contexts All components Compliance feedback Reverence
Layer

13
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3. DISCUSSION

The article introduces Quranic speech recognition as a religiously-oriented and linguistically-focused
issue. Based on this, the proposed layers incorporate phonetic authenticity, Tajweed ontology,
learning and inference, evaluation and ethical-religious supervision to support technical correctness
and spiritually faithful recitation assessment.

3.1 Theoretical Implications

In essence, the framework is multi-layered structure of epistemic modalities. It is founded on fact
that one can find the linguistic elements of the Quran that cannot be attributed to statistical efficacy,
and combine them with linguistic, phonological, semantic and ethical elements on a comprehensive
level. Theoretical balance on these aspects can be represented symbolically as:

Eioral = a(LA) + B(PF) +y(SA) + 6(PA)
Where:

* LA = Linguistic Accuracy,

PF = Phoonetic Fidelity,
* SA = Semantic Alignment,

* PA = Perceived Authenticity,

The coefficients show the significance of specific factors in comparison with the overall evaluation
of the system.

The formula is explanatory; it determines the view that the effectiveness of Quranic Al technology
is to be measured in terms of moral and linguistic values. In addition, the proposed architecture
sets ethical standard within the learning environment where all the algorithmic processes must
follow assumed moral restrictions to the latter. Theoretically, this relationship between the learning
processes and ethics can be represented as:

L* = f(A,P,S) subjectto R(E) <1

Here:

» L* is the maximum level of education performance, which is assessed using different indica-
tors.

» Acoustic, phonetic and semantic categories are represented by 4, P, and S respectively.

» R(E) examines the potential ethical consequences and establishes the highest acceptable thresh-
old of practice of religious obligations.

This metaphorical depiction shows idea of restricted learning where Al can be given the opportunity
to develop only to the extent of ethical standards.

14
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3.2 Comparative Analysis

To situate theoretical development appropriately, TABLE 4 requires a conventional speech recog-
nition module and the proposed Quranic framework.

Table 4: A Detailed Comparative Analysis of Theoretical Dimensions in Conventional Versus
Quranic Frameworks

Dimension Conventional ASR Models Proposed Quranic Framework

Orientation Technical; accuracy-driven  Holistic; value-driven

Data Representation Generic Arabic corpora Quranic corpora with Tajweed rules and
Qira’at variations

Learning Cycle Linear: Train — Test Circular: Learn < Evaluate <> Refine

Context Awareness Phonetic and lexical Phonetic, semantic, and religious context

Ethical Supervision External or absent Integral supervisory layer

Evaluation Metrics Word Error Rate (WER) LA, PF, SA, PA composite

CER (Character Error Rate)

Human Involvement Minimal Central (reciter, linguist, scholar,
specialists)

Knowledge View Data-driven Knowledge-centered

This comparison shows a change in the mindset, moving away from the classic focus on “engi-
neering accuracy” to “epistemic integrity” being the most important attribute. Traditional systems
use error rates have to characterize ASR models as a means of increasing precision. However, the
proposed model focuses on linguistic accuracy and theologically appropriateness, ethical soundness
and semantic integrity. It goes beyond mechanical correctness to multidimensional correctness
based on meaning and reverence.

3.3 Integration of Knowledge Domains

Theoretical progress in the new system was one of the major factors that led to the integration of
the separate areas of knowledge into single epistemology that was coherent and easy to understand.
The Quran recitation has scientific structure and a spiritual intent. This is why the five layers of the
framework merge into a logical entity.

The model is based om the Linguistic & Phonetic Layer. This Layer is the system of pronunciation
of Arabic in Quranic recitation and reflects phonetic characteristics of Tajweed. The process from
the Linguistic & Phonetic Layer to the Learning Layer makes the linguistic features more abstract
and then transforms them into cognitive representations. The Evaluation Layer, thus, also plays
a role in completing the feedback loop. It interprets the technical results into different meanings,
which makes it possible for the continuous process of refinement and improvement to occur. This
repetitive, cyclical operation does not merely produce procedural operations. It is through this kind
of philosophical mode that knowledge is enriched and enhanced, through the continuous process
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of reflection, regression and rectification. Thus, it is therefore a scientific inquiry and religious
intentionality.

3.4 Ethical and Epistemological Discussion

The ethical component of the framework is not a code, but a structural component of the framework.
This adoption is opposed to the vocation of Al as neutral in that it operates under the assumption that
systems that interact with sacred knowledge are required to exhibit epistemic humility; they ought
to be painfully aware of the constraints of computational approaches when working with Quranic
writings. The addition of the Ethical and Religious Layer, therefore, serves as a kind of restrictive
wall, thus ensuring that all learning activities are based on the necessary characteristics of respect
and reverence.

This method is consistent with the modern trends in Responsible Al and moves the discussion
beyond the legal and social aspects. It brings about spiritual responsibility as an initial aspect of
machine intelligence. The framework adds spiritual epistemology to the field of Al and redefines
responsibility as technical and transcendent.

Moreover, this new paradigm adds to the new concept of Faith-Conscious Al. This orientation is
actively forming, already expecting a fundamental exploration into how spiritual epistemologies
could shape the whole machine intelligence formation and activity. This perspective makes interdis-
ciplinary investigation of interaction of faith-based systems with computational cognitive processes
possible.

The Quranic paradigm is introduced in context of the analysis as a paradigmatic example of the con-
current unifying activities of automation and reverence. In the contemporary context of computa-
tional philosophy, this synthesis is notable as a rare meeting of technology and spiritual appreciation
that can teach useful lessons on how to design and operate intelligent systems.

3.5 Implications for Future Research

Theoretical progress has a variety of future developments, which are:

1. Formalization of Quranic Ontology:
Theoretical framework of ontological systems that define the principles of Tajweed, Qiraat
variations and phonetic articulations. It provides a strong foundation of learning systems on
basis of vast knowledge bases.

2. Interdisciplinary Methodological Innovation:

It is suggested that a collaboration of computer scientists, specialists in the field of Quranic
linguistics and theologians would offer a chance to establish a new interdisciplinary field,
which can be referred to as Computational Quranology or Digital Quran Computing.

3. Explainable Quranic Al development:
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These tools that assist in comprehending the model by visualizing the interaction between the
model and the Quranic recitation will be necessary to ensure model transparency and trust in
the model by the users.

4. Ethical Norms and Standardization:

Institutionalization and enforcement of moral principles on Al systems that access sacred texts
can assist in the development of model ethical frameworks to inform Al world governance
guidelines.

3.6 Limitations and Theoretical Challenges

Concept of proposed paradigm appears to be quite excellent, but its practical implementation should
deal with a great number of philosophical and methodological questions.

* Qiraat Diversity: The system must operate with the variety of different types of Quranic
recitation.

* Translational ambiguity: The ability to express theoretical constructs in computational rep-
resentations and retain all meaning of the construct is an important task.

* Interdisciplinary Collaboration: The task is to include the areas of linguistics, technology
and theology within one modeling framework.

These challenges should not be viewed as limitations but as possible sources of knowledge, which
will push Al research to more profound paradigms.

4. CHALLENGES AND CONSIDERATIONS

The creation of computational tools of the Quranic sciences is a lot of discrete tasks, which pre-
suppose the careful analysis of linguistic, technical and cultural aspects. One of these difficulties is
handling various Arabic dialects. The modern Arabic dialects are quite different from one another.
However, the Quran recitation is also based on the same set of rules of fixed pronunciation, including
the ones of Tajweed, a detailed account of Quranic recitations. The Tajweed rules mostly have an
impact on the accurate recitation of the Quran regardless of the accent and dialect of the speaker. It
is, consequently, an issue with the computer systems since they must be able to meet the phonetic and
prosodic standards of Quranic Arabic in their entirety. They are identical to those of any other accent
or dialect of a speaker. The rules are associated with the lengthening of the vowels, nasalization,
and emphasis [27]. Developers should implement Tajweed rules into computational systems in
order to generate accurate recitation and provide pedagogically meaningful feedback. Without this
kind of integration, systems have a possibility of providing phonetically close results that cannot be
theologically and pedagogically sound.

Moreover, the integration of Tajweed in the automation processes necessitates the handling of
phonetic and acoustic events such as pharyngealization and velarization. They are essential for
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the right articulation and allow fine gradation between closely related sounds to be distinguishable
[4]. The solution to these phonetic difficulties lies in the sophisticated speech recognition methods
capable of capturing the delicate acoustic characteristics and being highly precise. Past research
has investigated use of enhanced forced alignment techniques to increase phoneme segmentation in
Quranic recitation [16].

Apart from the linguistic elements, the availability of computers is still one of the most important
aspects of developing these systems. The learning of Quranic recitation demands non-stop real-
time feedback. Hence, the systems should be very lightweight, fast, and run in under-resourced
areas [28]. The balance between precision, guaranteeing proper pronunciation and Tajweed rules,
as well as speed is critical, particularly for mobile and web-apps which are directed at the teaching
of the Quran [29, 30].

One of design constraints that continues to be of great concern in Quranic recitation technologies
is religious sensitivity. Since the Quran is considered to be the word of Allah, it is deemed to
be extremely inappropriate to mispronounce or misrepresent it [31]. To this end, any automated
feedback should be informative and non-objectionable. It should be presented in the context of the
principles of textual integrity, limited context of use (education/research) and transparency. This
encourages incorporation of Tajweed conscious check systems that may detect mispronunciations
and give instructions in a respectful, scholar-auditable way [14, 32].

Such technologies have the potential to increase access to Quranic education, especially in under-
resourced environments where effective teaching is scarce. This would allow timely and supportive
feedback on recitation and understanding to learners in different locations [5]. Nevertheless, to
reach this objective, recognition accuracy, cultural sensitivity and educational effectiveness must
be constantly improved so that system allows respectful learner-text relationship that is in line with
Quranic sciences [13].

Currently, this problem is addressed in a number of directions; some authors focus on enhancing
training dataset by offering repositories to developers [33], question-answer datasets [34] and model
selection and tuning methods [17]. One of these programs was the development of a CMU Sphinx
language model tailored to the Holy Quran, which employed simple Arabic phonemes to enhance
speech recognition accuracy in Quranic recitation [35]. El Amrani introduced this method and em-
phasized on solving the problems regarding Quranic phonetics through the application of a reduced
phoneme inventory that facilitates the recognition process to make it more accurate and efficient
in dealing with the distinctive phonetic traits of Quranic Arabic [35]. Correspondingly, the study
[33] tested the use of large language models for embedding based searches in Quranic texts. The
study made a considerable impact on the efficiency of the retrieval of texts and their understanding
in context. Parallel to this, the deployment of the latest language models’ powers in designing the
aforementioned tools aims to support better access to Quranic knowledge through advanced search
functionalities. Such developments make the Quran more accessible for educational and scholarly
purposes.

In addition, the research [34] on the retrieval of Quran passages optimization confirmed the increas-
ing reliance on proper language models for the enhancement of query-answering systems’ accuracy.
By developing comprehensive question-answer dataset and language models’ fine-tuning, [34] led
to the decisive and context-aware retrieval of Quranic passages. This advancement allows scholars
and teachers to engage with the text more effectively. This study was also supported by [17], who

18



https://www.oajaiml.com/ | March 2026 Advances in Artificial Intelligence and Machine Learning

pointed out the difficulties concerning the use of transformer-based models with Classical Arabic
datasets, particularly those based on the Quran and Hadith. On the one hand, transformers seem
to be the most efficient models for almost every NLP application. However, their shortcomings
in grasping the complexities of Quranic recitation and mastering the syntax of Classical Arabic
can tailor strategies for better the performance among the researchers [17]. Moreover, creation of
Arabic question-answering corpora like HAQA and QUQA of the Quran and Hadith shows the
necessity for large and well-organized datasets that facilitate the development of theoretical and
practical computational tools for Quranic studies [36]. Alongside advances in text classification
[37] these endeavors are part of the development of automated Quranic recitation and text analysis
in computational linguistics.

The development of the language models with aim to detect the Quranic recitation is still in a distant
practically achievable form, especially in terms of the proper use of the Tajweed rules. There are still
many stumbling blocks that are to be meticulously studied and rectified. The rudimentary models
that are generally employed in the general Arabic speech recognition systems are abjectly lacking
in respect of their applicability in the conditions of their application in the Quranic recitation.

The issue of recording and standardization of the pronounced phonetic peculiarities of Quranic
chanting and performing them with the necessary accuracy is one of the most difficult ones. Tajweed
needs to be pronounced precisely. but existing difference is observed in the recitation by various
geographical areas and recitations of various persons. Even with the advances in speech recognition
and deep learning, the models remain susceptible to retaining correct results in the case of difficult
phenomena (vowel lengthening, nasalization, etc.) which are typical of Quranic recitation [29, 32].

The absence of big, good and diversified Quranic speech corpora actually makes the systems that
are available unable to achieve accuracy and Tajweed conformity. By this, the design of the uni-
versal language models of the Quranic recitations which can fulfill such peculiarities is actually
determined. It is issue of implementing the general techniques of speech recognition but in which
case there are developed phonetics, linguistic and acoustic characteristics that are peculiar to the
Quran reciting. This is the first gap that the researchers and developers will reduce to a minimum
due to attention they will pay to the data collection process, enhancement of Tajweed-conscious
models and creation of advanced recognition techniques. This is also surpassed by the fact that the
accuracy, cultural respect and the religious connotation of the automated systems leads to teaching
and preserving recitation of the Holy Quran.

Even though there is an improvement in the situation. the researchers are still unable to create the
correct Quranic ASR systems since they have to deal with the phonetic and prosodic complexity
needed to comply with Tajweed, and with the lack of large, balanced and well-marked corpora.
The limitations cause the need of Tajweed-aware learning and inference algorithms, reproducible
benchmarking and conventional dataset design. More research should therefore be done in the
development of scalable corpora with standardized Tajweed annotations and assessment procedures.
This will enable concurrent measure of phonetic fidelity as well as transcription accuracy and also
high educational feedback and cross-model comparisons.
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5. CONCLUSION

In order to establish the Quranic speech, this paper suggests deep learning-based model integrat-
ing standards of assessment, learning and inference, linguistic-phonetic truth, data structure and
religious-ethical control. The framework views Tajweed as internal phonological constraint which
defines phoneme-level representation and verification as an alternative to external add-on. To
make the technical clarity more understandable, paper provides workflow and quantifiable products
(orthographic, phonetic and Tajweed products). These artifacts help in benchmarking in future and
repeatable system design. The framework may serve as the bridge between the contemporary Al
and the conventional Quranic education. It can preserve reverence, transparency and text integrity
and encourage faithful recitation assessment in educational and accessibility scenarios. The pri-
mary objectives of future studies should be large-scale annotated corpora, standardized evaluation
protocols and explainable Tajweed-conscious models that can be used in practice.
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