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Abstract

Contemporary neuroscience has moved from classical localisationist accounts of language towards models in which
language emerges from interacting neural systems. This criticalintegrative review examines the developing language
network during middle childhood, with particular attention to neuroplasticity, verbal working memory, phonological
processing, speech perception, oral repetition, and additional-language learning. It also considers intensive oral
memorisation, including Qur'anic memorisation, as a culturally situated learning experience involving repeated
listening, recitation, serial retrieval, articulation, attention, and teacher-guided correction. The review does not
assume that memorisation improves intelligence or additional-language proficiency; instead, it identifies cognitive
and linguistic processes that can be examined empirically. Contemporary evidence indicates that language relies on
interacting cortical, white-matter, subcortical, and cerebellar systems ratherthan anisolated language centre. During
childhood, functional specialisation, connectivity, attention, memory, and language processing continue to develop.
Additional language learning provides further evidence for experience-dependent plasticity, although outcomes vary
with age, exposure, proficiency, instruction, and individual differences. The Arabic-English phonetic interface is
considered cautiously, particularly stop-voicing and voice-onset-time patterns. The review emphasises that /p/ is not
a native phonemic contrast in Modern Standard Arabic and is absent as a native phoneme in many Arabic varieties,
rather than assuming it is absent from all Arabic dialects. The authors propose a Developmentally Informed Neuro-
Language Framework (DINF) to connect neural development, cognitive-linguistic processing, cultural learning
experience, and pedagogy. DINF is conceptual and requires empiricalvalidation. The review concludes by proposing
a research agenda for Libyan children that separates culturally situated learning experience from measurable
cognitive, phonological, auditory, and additional-language outcomes.
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Introduction

Language is a complex human capacity requiring the coordination of auditory perception, phonological analysis, lexical
retrieval, semanticinterpretation, syntactic processing, working memory, attention, motor planning, and social-pragmatic
processes. Earlier neurological accounts frequently attempted to explain language through relatively discrete cortical
locations, particularly Broca's and Wernicke's areas. Contemporary neuroscience has progressively shifted towards
network-based accountsin which language depends on interacting cortical systems and their structuraland functional
connections [1-3]. The historical importance of localisation remains substantial. Broca's observations contributed
decisivelytothe development of neurologicaltheories of language. However, modern examination ofthe brains associated
with Broca's original cases showed that the lesions were more extensive than the simplified representation of a small
isolated "Broca'sarea" suggests[1]. Language therefore cannot be adequately explained by assigninga complex cognitive
function to a single anatomical location.

This shift has direct relevance to developmentallanguage education. A child's language system is not simply a smaller
version of the adult system. Neural specialisation, structural connectivity, cognitive control, and linguistic knowledge
continuetochange throughout childhood and adolescence[4,6]. Middle childhood is consequently animportant period for
studying the interaction between developing neural systems and increasingly complex linguistic experience. Additional-
language learning provides a particularly useful context for examining this interaction. Children remain responsive to
linguistic experience, but neuroplasticityshould not beinterpreted as unlimited or uniform. Age interacts with quantity and
quality of exposure, proficiency, instructional context, language use, and individual differences [12,13].

A culturally situated question arises from intensive oral memorisation practices. In many Libyan communities, children
may encounter severalsimultaneouslinguistic and educationalexperiences: Arabicinformaland social contexts, Modern
Standard Arabic in school, English as an additionallanguage, and Qur'anic recitation through mosque- or family-based
instruction. Qur'anic learning may involve repeated listening, imitation, serialrecall, articulation, teacher correction, and
retrievalof increasingly long verbal sequences. The presentreviewwas partly motivated by the author'sobservations as a
mother and educator of children exposed to these overlappinglearning environments. These observations are not treated
asresearchdataand cannot establish causalrelationships. They instead provided the practicalstarting point forabroader
scientific question: Could specific cognitive-linguistic processesinvolved inintensive oral learning be meaningfully related
to processes already known to participate in language development and additional-language learning?

The purpose of thisreviewistherefore deliberately cautious. It does not attempttodemonstratethat Qur'anic memorisation
producessuperiorintelligence, memory, pronunciation, or English proficiency. Instead, it examines the neurobiologicaland
cognitive processes potentially involved and proposes a framework through which these relationships can be empirically
tested inthe Libyan context.
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Methodology

Review design

This article adoptsacriticalintegrative review design. Thismethodology was selected because the purposeisto synthesise
findings across developmental neuroscience, psycholinguistics, phonetics, language acquisition, neuroplasticity, and
educational neuroscience while developing a theoretically informed research agenda.

The article is not presented as a systematic review or meta-analysis. No pooled effect size is calculated, and no claim is
made that the literature search meets the methodological requirements of a formal systematic review. The literature was
organised around five interconnected domains: development and organisation of language networks; verbal working
memory and attention; phonological and speech-processing mechanisms; neuroplasticity and additional-language
learning; and culturally situated oralmemorisation. The analysisemphasised the distinction between established findings,
reasonable theoreticalinterpretations, and hypotheses requiring empirical testing.

Analytical principle

Evidence from bilingualism, language development, phonetic learning, and memory research was not treated as direct
evidence that Qur'anic memorisation produces equivalent outcomes. Likewise, cultural practice was not treated as an
experimental intervention. The central analytical principle was: shared cognitive processes do not establish shared
outcomes or causal transfer. This distinction is essential for avoiding both overinterpretation of neuroscience and
unsupported claims about culturally meaningful educational practices.

From Broca’s area to distributed language networks

Historical localisation and its limitations

The association between speech production and the left inferior frontal cortex is historically linked to Paul Broca's
nineteenth-century clinical observations. These observations were foundational to neurological language research.
However, modern neuroimaging of Broca's historical cases indicates that the relevant lesions were considerably more
extensive than the simplified textbook concept of a small isolated speech centre [1]. The contemporary view therefore
retains localisation as one level of explanation while recognising that language depends on communication between
multiple regions. White-matter pathways provide structuralroutes through which information can be integrated across
regions involved in speech perception, phonological processing, lexical access, comprehension, and production [2-4].
This distinctionis particularly important in developmental neuroscience. A developing language system changes not only
through local maturation but also through the increasing coordination of distributed neural systems.

The dual-stream perspective

The dual-stream modelof speech processing proposed by Hickokand Poeppeldistinguishesinteractingdorsaland ventral
processing pathways [2]. In broad terms, the ventral pathway contributes to mapping speech signals onto meaning,
whereas the dorsal pathway supports relationships between auditory speech representations and articulatory systems.
These pathways should not be interpretedastwo independent language systems. Speechcomprehensionand production
requireinteractionamong multiple neuralprocesses. Thevalue ofthe modellies in movingbeyond a single-centre account
of language. Morerecent work similarly identifies afunctionally coherent language networkwithin the broader organisation
of the human brain [3]. This perspective isrelevant to education because it discourages claims that a specific classroom
activity selectively "trains" one named brain region.

Structural connectivity and childhood

Language development is also related to the maturation of structural connectivity. Recent developmental research
involving children aged 5-7 years has identified associations between dorsal and ventral white-matter tracts and
phonological and semantic language processing [6].

These findings support a developmentalaccountin which increasingly sophisticated language behaviourreflects not only
vocabulary growth and explicit knowledge but also changesinthe coordination and efficiency of distributed neuralsystems.

The developing language brain in middle childhood

Prolonged and heterogeneous development

Neuraldevelopment during childhood is prolonged and heterogeneous. Functionalspecialisation, structuralconnectivity,
attentional control, and language-related processing continue to change across childhood and adolescence [4,6].
Chronological age therefore cannot be treated asa complete descriptionof a child's neurocognitive state. Children of the
same age may differ substantially in language exposure, literacy, educational experience, memory, attention, family
environment, and opportunities for interaction.

This variability is particularly important for additional-language learning. A child exposed to English daily through school,
media, and social interaction may have a substantially different developmental trajectory from a child whose English
exposure isrestricted to a few classroom hours each week.
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Verbal working memory

Working memory supports the temporary maintenance and manipulation of information during ongoing cognitive activity.
Its relevance to language is therefore considerable because linguistic comprehension and production frequently require
learnersto retain information while simultaneously processing new material[7].

Gathercole et al. demonstrated developmentalchangesinworking-memorystructure between four and fifteenyears of age,
with substantialincreases in functional capacity across the school years [5]. This developmentaltrajectory is relevant to
children's ability to repeat unfamiliar sequences, retain phonological information, follow complex instructions, and
manipulate verbal material. In additional-language learning, working memory may be involved when learners maintain
unfamiliar sound sequences, compare them with existing phonological representations, retrieve lexical information, or
construct utteranceswhile monitoringtheirown production[9]. Nevertheless, workingmemory should notbereducedtoa
simple predictor of language proficiency. It operates within a larger system involving language knowledge, attention,
exposure, motivation, phonological experience, and instruction.

Attention and retrieval

Attention allows learners to select relevant linguistic information while resisting competing stimuli. Retrieval allows
previously encountered information to become accessible during later comprehension and production. Repeated oral
learning can therefore involve attention, encoding, maintenance, retrieval, monitoring, and articulatory execution. These
are legitimate processes for investigation. What remains uncertain is whether particular forms of intensive oral practice
produce measurable benefits outside the trained activity itself.

Culturally situated oral memorisation
Disaggregating the practice
Oralmemorisationis not a single cognitive operation. A child engaged in intensive memorisation may:

e listentoamodel;

e discriminate speech sounds;

e encode phonological sequences;

e repeatverbalmaterial;

e maintain sequencesinworking memory;

e retrieve previously learned material;

e monitor pronunciation;

e receive corrective feedback; and

e progressively increase the length and complexity of reproduced material.
Calling this entire process simply "memory training" therefore oversimplifies the learning experience. Qur'anic
memorisation is also socially and culturally embedded. Children may differ in age of initiation, duration of participation,
teaching style, home support, frequency of practice, and degree of engagement. These differences make direct
comparisons between "memorising" and "non-memorising" children potentially misleading.

What current evidence permits

The available literature includes studies examining relationships between Qur'anic memorisation and cognitive
performance, butthe evidence remainslimited. For example, Slamet [8] reported asmall study involving ten kindergarten
children. The study is relevant as preliminary evidence but cannot establish that memorisation causes general cognitive
improvement or transfer to foreign-language learning. The distinction between association and causation is particularly
important. Children participatinginintensive memorisation maysimultaneously differineducationalenvironment, parental
involvement, discipline, literacy practices, religious education, socioeconomic circumstances, and other factors.
Consequently, claims that memorisation improves intelligence, working memory, or English proficiency require
appropriately controlled and preferably longitudinal evidence.

From cultural practice to measurable components

A stronger scientific approachis to decompose intensive oral memorisation into distinct, measurable cognitive-linguistic
processes rather than treating it as a single form of "memory training." The following table maps key components of
intensive oralmemorisation ontotheir potentialcognitive-linguistic processesand correspondingmeasures. Thisapproach
allows culturally situated learning experiences to be examined empirically while avoiding assumptions about causality or
cognitive transfer. This approach preserves the cultural meaning of the practice while making its cognitive components
scientifically testable.
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Table 1. Decomposition of Intensive Oral Memorisation into Testable Cognitive -Linguistic Components and

Measures
Practice component Potential cognitive-linguistic process Possible measure
Repeated listening Auditory attentionand speech perception Auditory discrimination
Recitation Phonological encoding and production Phonological production tasks
Serialrecall Verbalworking memory Digit/nonword span
Repetition Encoding and retrieval Controlled repetition
Teacher correction Monitoring and feedback-based learning | Error-detectionand correctiontasks
Pronunciation practice Speech-motor and phonetic learning Acoustic analysis/VOT
Extended memorisation Sequence maintenance Serialrecallmeasures

Oral repetition, recall, and additional-language learning

Repetitionis commonin language learning because unfamiliar phonological and lexical forms require repeated exposure
before they become efficiently accessible. Working memory becomes particularly relevant when linguistic material
exceeds the learner's immediate processing capacity. The learner must retain part of a sequence while processing
subsequentelements. Thismaybe especiallydemandingwhenthe sequence contains unfamiliar phonological structures.
Currentworkon working memory and second-language learning emphasisesthat memory contributestomultiple aspects
of additional-language processing, including comprehension, production, vocabulary, and grammar [9].

However, repetition should not be equated withcommunicative language development. Meaningfullanguage use requires
comprehension, lexical access, grammatical knowledge, interaction, pragmatic interpretation, and spontaneous
production. The scientifically appropriate question is therefore not whether memorisation "makes children better at
English", but whether identifiable components of intensive oral practice are associated with specific measurable
outcomes.

Recitation is not equivalent to language comprehension

Accuratereproductionand linguistic comprehension are distinct outcomes. Achild mayreproduce asequence of sounds
accurately without necessarily understanding its semantic, syntactic, or pragmatic content. Recitation may therefore
provide evidence of successful encoding, retrieval, sequencing, and articulation, but it does not independently
demonstrate comprehension. Thisdistinctionisimportantwhenconsideringadditional-language education. Alearner may
reproduce an English sentence accurately while still having limited understanding of its meaning or difficulty using the
sentence spontaneously in an appropriate communicative context. Language comprehension involves mapping auditory
input onto lexical, semantic, and syntactic representations. Production additionally requires conceptualisation, lexical
retrieval, grammaticalencoding, phonologicalencoding, and motor execution. Future studies should therefore use multiple
outcome measures rather than a single global measure of "language ability."

The Arabic-English phonetic interface

Phonological transfer

Learnersdonotapproachanadditionallanguage withanemptyphonologicalsystem. Previous linguistic experience shapes
how unfamiliar speech sounds and timing patterns are perceived and produced. Arabic varieties differ from one another,
and claims about "Arabic" phonology should therefore be made cautiously. In particular, /p/ should not be described as
absent from all Arabic dialects. A more defensible formulation is that /p/ is not a native phonemic contrast in Modern
Standard Arabicandisabsent as a native phoneme from many Arabic varieties, while its occurrence may arise in particular
dialects, loanwords, or contact settings.

Recent Arabic-Englishresearch provides a usefulillustration of cross-linguistic differences withoutjustifying generalisation
to all Arabic-speaking populations. StudiesinvolvingJordanian Arabic learners have examined English/p/and /b/ as well as
differences in stop-voicing organisation [10,11]. For Libyan learners, these findings should be treated as comparative
evidenceratherthan directevidence about LibyanArabic. Researchspecifically involving LibyanArabic speakersremains
necessary.

Voice onset time

Voice onset time (VOT) refers to the temporalintervalbetweenthe release of a stop consonant and the onset of vocal-fold
vibration. Languagesdifferinhow stop categories are distributed alongthis temporaldimension. Recentresearchinvolving
Arabic L1 learners of English and Spanish found evidence of cross-language interaction and phonetic plasticity in VOT
patterns [10]. A related study of Arabic L1 learners of English reported that proficiency, phonological context, and
distributional control were associated with English stop-voicing performance [11]. These findings are relevant to
pronunciation teaching because they show that additional-language phonetic learning involves adaptation to language-
specific distributions. They do not demonstrate that oral memorisation improves VOT control.
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Why articulatory practice does not automatically transfer

Intensive oral practice may increase familiarity with articulatory sequences, but articulatory experience in one linguistic
system does not automatically establish the phonetic categories required by another language. For this reason,
pronunciation teaching should integrate auditory discrimination with production. Repetition can be useful, but learners
also need opportunities to hear and distinguish contrasts that may not function in the same way in their first language .

Neuroplasticity and additional-language learning

Neuroplasticity refersbroadly tothe capacity of neural systemsto change in response to experience. Additional-language
learning provides an important example of experience-dependent adaptation [12]. Li et al. reviewed evidence for
anatomical changes associated with second-language learning, including findings concerning grey- and white-matter
organisation[12]. Suchevidence supportsthe generalprinciple thatsustainedlinguistic experience caninteract with neural
development. However, plasticityshould not be interpreted asaguarantee of equallearningoutcomes at allages. Birdsong
emphasised theinteractionamong plasticity, variability, age, proficiency, exposure, language use, context, and individual
differences[13]. Middle childhood may therefore be animportant developmental period without constitutinga universalor
"magical" window in which successful additional-language learning is guaranteed.

The basal ganglia and cerebellum

Language processing is not confined to the cerebral cortex. Subcortical and cerebellar systems have beenimplicated in
aspectsoflanguage processing, sequencing, timing, learning, and coordination. Booth et al. reported connectivityinvolving
the cerebellum, basal ganglia, and cortical regions implicated in phonological processing [14]. More recent work has
encouraged the incorporation of the cerebellum into broader frameworks of language processing [15]. However, the
existence of neuralinvolvement does not establish that a specific learning activity selectively strengthens a particular
structure. Claims that memorisation "develops the cerebellum" or "trains the basal ganglia" would therefore exceed the
available evidence.

Neuroplasticity is not a pedagogical prescription

Neuroscience can inform education, but neuroscientific findings cannot automatically be converted into classroom
prescriptions. Howard-Jones describedthe persistence of neuromyths and the risks involved when complexneuroscientific
findings are transformed into simplified educational claims [16]. Reviews of neuromyths similarly demonstrate the
persistence of unsupported assumptions about learning and the brain [17].

The present review therefore rejects the following claims: repeated memorisation automatically increases intelligence;
early language learning guarantees superior proficiency; one activity selectively "activates"a language area; recitation
directly strengthens a particular brain structure; and neuroplasticity means that any linguistic experience will produce
beneficialneural change. A scientifically responsible position is more modest: particular learningexperiences may engage
cognitive processes relevant to language learning, and these relationships can be tested empirically.

Teacher neuro-literacy
Teachers do not need to become neuroscientists. They do, however, benefit from understanding the limits of
neuroscientific evidence.
Teacher neuro-literacy should include four principles:

e Language is supported by interacting neural systems rather than one isolated language centre.

e Children's cognitive and linguistic capacities develop over time.

e Working memory and attention influence language learning but do not determine it.

e Culturally meaningful learning practices should not be converted into claims of cognitive superiority without

appropriate evidence.

Such knowledge can help teachers resist neuromyths while encouraging developmentally informed assessment and
instruction.

Developmentally informed neuro-language framework

The Developmentally Informed Neuro-Language Framework (DINF) is proposed as a conceptual model for integrating
developmentalneuroscience, cognitive-linguistic processing, culturallearningexperience, and educationalpractice. DINF
consists of four interconnected dimensions.

Neural development
This dimension includes functional specialisation, structural connectivity, cortical development, white-matter
organisation, and the interaction of cortical, subcortical, and cerebellar systems.

Coghnitive-linguistic processing
This includes attention, verbal working memory, phonological processing, auditory perception, retrieval, lexical access,
and language production.
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Cultural and learning experience
This dimension includes oral repetition, memorisation, literacy, classroom instruction, family practices, religious
education, and language-use environments.

Pedagogical implementation

This includes developmentally appropriate instruction, corrective feedback, phonological training,
communication, and assessment of actual educational outcomes.

The relationships presentedinTable 2 are conceptualandreciprocalratherthanunidirectional. In particular, theinclusion
of cultural learning experience does not imply that memorisation or recitation produces specific cognitive or neural
changes. Instead, DINF provides a structured basis for examininghow developmental, cognitive-linguistic, experiential, and
pedagogical factors may interact and how these relationships can be tested using behavioural, linguistic, and
developmental measures.

meaningful

Table 2. Developmentally Informed Neuro-Language Framework (DINF)

Potential relevance to

Domain Core process additional-language learning Appropriate research focus
Neural Functional specialisation and Increasing integration of Developmentaland
development structural connectivity language processing behavioural measures
Aud|t0|.'y Speegh p(.arc.ept.lon and Identlflcatlgn of unfamiliar Auditory discrimination
processing discrimination phonological contrasts
Phonological Encoding and manipulation Learning unfamiliar sound Phonological awareness and
processing of sound sequences patterns nonword-repetition tasks
Verbalworking Temporary maintenance and Retaining unfamiliar linguistic Standardised working-
memory retrieval sequences memory measures
Attention Selective processing and Focusing on relevant linguistic Attention and language-
monitoring input processing tasks
Oralrepetition Repeated perception and Reinforcgment of phonolggical Contrplleq repetition and
production and lexicalrepresentations longitudinal measures

Culturallearning
experience

Memorisation, recitation,
teacher correction

Potentially relevant torepeated
auditory-verbal practice

Documented exposure rather
than assumed intervention
effects

Additional-
language exposure

Quantity, quality, and
duration of input

Development of language-
specific representations

Detailed exposure histories

Pedagogical
implementation

Instruction, feedback,
meaningfulcommunication

Translation of cognitive
knowledge into classroom
practice

Behavioural and educational
outcomes

Empirical
validation

Integration of developmental,
behavioural, and linguistic
evidence

Testing proposed relationships
without assuming causation

Longitudinaland
appropriately controlled
designs

Implications for childhood English education

The review supports several cautious educationalimplications. First, early English instruction should provide substantial
opportunitiesforlisteningand phonological discrimination. Learners need exposure to contraststhat maynot be organised
identicallyintheir first-language phonological system. Second, oralrepetition canbe usefulwhenembeddedin meaningful
language activity. Repetition should not become synonymous with language learning. Children also require
comprehension, vocabulary development, grammar, interaction, and spontaneous production. Third, teachers should
distinguish memorisation from communicative competence. Accurate reproduction of a sentence does not necessarily
demonstrate flexible understanding or spontaneous use. Fourth, pronunciation teaching can integrate auditory
discrimination with articulatory feedback. This is particularly important when the first and additional languages organise
speech contrasts differently. Finally, culturally familiar learning practices can be incorporated respectfully without
attributing unsupported cognitive benefits to them.

Clinical and applied relevance

A network-based perspective has potentialrelevance beyond classroom instruction. Difficultiesin language development
may involve multiple interacting processes, including speech perception, phonological processing, working memory,
attention, lexical access, and language production. Consequently, a network perspective supports multidimensional
assessment rather than attributing every language difficulty to a single "language area."
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The presentreviewis not a clinical study and does not propose diagnostic criteria or therapeuticinterventions. Anyclinical
application of DINF would require direct empirical research involving appropriate clinical populations and validated
measures.

Future empiricalresearch in Libya

The principalpracticalcontributionof this reviewis the identification of a research agenda for the Libyancontext. Afuture
empiricalstudy could examine childrenapproximately 7-10years of age and investigate whether documented experience
with intensive oral memorisation is associated with specific cognitive-linguistic outcomes. Participation should be
conceptualised as a continuous or carefully documented exposure rather than as a simplistic binary category.

Limitations

This review has severallimitations, but each identifies a direction for future work. First, the article is a criticalintegrative
reviewratherthanasystematic review or meta-analysis. Futureresearch canaddressthislimitationthrough a preregistered
systematic reviewwith explicit search strategies, inclusioncriteria, and quantitative synthesiswhere appropriate. Second,
muchofthe neurobiologicaland phonetic evidence comesfrom populationsoutside Libya. Thislimitsdirectgeneralisation.
The appropriate solutionis locally conducted researchinvolving Libyanchildren and, where relevant, speakers of specific
Libyan Arabic varieties. Third, Arabic is linguistically diverse. Findings from Jordanian Arabic should therefore not be
automatically transferred to Libyan Arabic. Future studies should document the participants' Arabic variety and measure
the relevant phonetic contrasts directly. Fourth, evidence connecting Qur'anic memorisation specifically to cognitive
transfer remains limited. This should be addressed through longitudinal, adequately powered studies using multiple
outcome measures rather than global claims about intelligence. Finally, DINF is a conceptualframework rather than an
empiricallyvalidated model. Itsvalue should therefore bejudged by its ability to generate testable hypothesesratherthan
by treating it as an established neuroeducational theory.

CONCLUSION

Contemporary neuroscience has moved substantially beyond the idea that language resides in a single cortical location.
Language emerges through the interaction of distributed cortical, white-matter, subcortical, and cerebellar systems that
develop and reorganise through maturation and experience. Middle childhood represents an important stage within this
developmentaltrajectory. Childrencontinueto develop language-related neuralconnectivity, working memory, attention,
phonological processing, and increasingly specialised linguistic representations. Withinthis broader context, intensive oral
memorisation represents an interesting but unresolved research question. Practices involving repeated listening,
recitation, retrieval, articulation, and teacher-guided correction engage processes that are relevant to language learning.
This observationdoes not establish that memorisation produces superiorintelligence, working memory, pronunciation, or
additional-language proficiency. The present review therefore proposes a more cautious scientific approach. Rather than
asking whether a culturally meaningful practice is inherently beneficial or detrimental, researchers should identify its
component processes and examine their relationships with measurable outcomes.
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