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ABSTRACT

interrelated fields—neurodidactics

In recent decades, the convergence of neuroscience, linguistics, and education has
produced fertile ground for rethinking traditional pedagogical practices. Two
and neurolinguistics—have emerged at the
intersection of cognitive neuroscience and instructional design, offering new theoretical
insights and practical tools for more effective teaching and deeper language acquisition.
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Neurodidactics seeks to translate cognitive load on problem solving, and the

neuroscientific findings about how the brain
learns into concrete teaching strategies, while
neurolinguistics  investigates the neural
mechanisms underlying language
comprehension, production, and development.
Together, these disciplines provide a
scientifically informed framework that invites
educators to redesign learning environments,
curricula, and assessment practices in ways that
are aligned with the brain’s biological and
functional architecture (Anderson, 2015). This
article synthesizes recent advances in both
fields, explores novel pedagogical approaches
derived from neuroscientific evidence, and
outlines implications for educators, curriculum
designers, and policy makers who aim to foster
robust and transferable learning outcomes—
especially in the domain of language learning.

A core premise of neurodidactics is that
teaching should be compatible with how the
brain naturally processes, stores, and retrieves
information (Damasio, 2010). This requires an
understanding of several neuroscientific
principles: attention and its limited capacity, the
role of emotion in memory consolidation, the
importance of retrieval practice and spaced
repetition for long-term retention, the effects of

neural basis of motivation and engagement. For
instance, research on working memory and
attention shows that learners can only process a
finite amount of information at once; therefore,
instruction that overwhelms learners with
extraneous information will likely hinder
integration and transfer (Mayer, 2021).
Cognitive load theory, though originating in
cognitive psychology, aligns with neurodidactic
priorities by emphasizing the need to structure
learning tasks so that intrinsic cognitive
demands are manageable and extraneous load
is minimized. Likewise, findings about the role
of affect—mediated by neuromodulators such
as dopamine and noradrenaline—suggest that
emotionally salient and rewarding learning
experiences are more likely to be encoded in
long-term memory (Mikolov et al, 2013).
Consequently, neurodidactics encourages
educators to design lessons that not only
present information clearly but also engage
learners emotionally and provide meaningful
feedback.

One of the most promising new
approaches stemming from these disciplines is
the emphasis on multimodal and embodied
learning. Traditional, lecture-based models
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often present language as an abstract system to
be memorized. Neurodidactics and
neurolinguistics, however, suggest that
language is learned most robustly when
sensorimotor, affective, and contextual cues are
integrated into instruction (Fleming & Frith).
Embodied learning posits that linguistic
concepts are grounded in bodily experiences;
for example, action verbs are processed in
motor-associated brain regions, and gestures
can facilitate word retrieval and sentence
production. Pedagogically, this translates into
teaching practices that incorporate gestures,
role-play, physical enactment, visual imagery,
and real-world tasks to anchor linguistic input
in multimodal representations. Virtual and
augmented reality technologies extend these
possibilities by creating immersive contexts
where learners can practice language in
simulated environments that evoke authentic
communicative  purposes (Kuhl, 2011).
Neuroscientific data indicate that such
multimodal engagement activates broader
neural networks and fosters richer memory
traces, enhancing retention and transfer.
Another key innovation lies in adaptive
learning systems informed by neuroscience.
Advances in artificial intelligence (AI) and
learning analytics enable the creation of
personalized learning paths that respond to
each learner’s strengths, weaknesses, and
moment-to-moment engagement levels.
Neurodidactical principles inform the design of
these systems by clarifying when and how to
modulate difficulty, provide feedback, and
schedule practice for optimal consolidation
(Mayer, 2021). For instance, algorithms can
implement spaced repetition schedules tailored
to the learner’s forgetting curve, present
retrieval-based practice to strengthen memory,
and reduce extraneous cognitive load by
chunking complex information into manageable
units. When combined with neurolinguistic
insights, adaptive systems can prioritize
language features—such as high-frequency
vocabulary, syntactic constructions with high
communicative utility, or pragmatic routines—
that align with the learner’s current neural
representation of the language (Pauli et al,
2018). Importantly, although Al systems cannot

directly measure neural states without invasive
or specialized sensors, they can approximate
cognitive states using behavioral metrics (e.g.,
response latency, error patterns) and
physiological signals when available, allowing
for more responsive and brain-compatible
instruction (OECD, 2021).

Assessment practices also benefit from
neurodidactic and neurolinguistic perspectives.
Traditional assessments often emphasize
declarative knowledge and discrete-point
testing, which may not capture learners’
proceduralized language competencies or their
ability to use language in real communicative
contexts (Pauli et al, 2018). Neurodidactics
advocates for dynamic, formative assessment
measures that track changes in learners’
performance over time and provide actionable
information to both learners and instructors.
Examples include performance-based
assessments, portfolio evaluations, and tasks
that measure fluency under cognitive
constraints. Neurolinguistics offers tools—such
as EEG-based markers of language processing
efficiency or eye-tracking measures of reading
comprehension—that can complement
behavioral assessments by revealing underlying
processing differences even when surface
performance appears similar (Russell & Norvig,
2022). While the routine use of neuroscientific
instruments in classrooms may be impractical,
the theoretical implications remain:
assessments should evaluate not only what
learners know but how efficiently and flexibly
they can deploy language under varying
cognitive demands. A further advance concerns
the sequencing of instruction to align with the
brain’s consolidation processes. Memory
consolidation research suggests that sleep and
offline processing are critical for stabilizing and
integrating new learning (Fleming & Frith,
2014).

Neurodidactics encourages curriculum
designs that space learning episodes and allow
for meaningful downtime between intensive
practice sessions, thereby enabling the brain’s
consolidation mechanisms to operate. This
could include designing homework that primes
subsequent lessons, interleaving topics to
promote discrimination and transfer, and
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incorporating reflective activities that prompt
metacognitive processing. In language learning
specifically, distributed exposure to new lexical
and grammatical items across multiple
contexts—followed by retrieval practice after
sleep—has been shown to enhance retention
relative to massed practice (Sweller et al,
2019). Such sequencing also counters the
common pitfall of front-loading grammar
instruction without adequate opportunities for
procedure through varied communicative use.

Emotion and motivation are central to
these new  approaches. Neurodidactics
highlights the dopaminergic systems’ role in
reward-based learning: learners are more likely
to attend to, encode, and retrieve information
when they perceive lessons as meaningful and
achievable. This suggests pedagogical practices
that set clear, proximal goals, provide timely
and informative feedback, and scaffold
challenge so that learners experience frequent,
attainable successes (Pauli et al, 2018).
Language instruction benefits when activities
are purposeful—focused on real
communication, not mere drills—and when
learners are encouraged to set personal goals,
reflect on progress, and engage with socially
relevant content. Group work, project-based
tasks, and opportunities for authentic
interaction can create emotionally resonant
contexts that increase motivation and deepen
learning. Neurolinguistic research further
indicates that social interaction itself modulates
neural systems implicated in language learning,
implying that communicative practice with
peers, tutors, or native speakers offers unique
neural affordances that solitary study cannot
fully replicate (Kuhl, 2011).

Intervention design informed by
neurodidactics and neurolinguistics also
addresses the needs of learners with diverse
neurological profiles. For students with
dyslexia, specific language impairment, ADHD,
or other neurodevelopmental differences, one-
size-fits-all instruction can be particularly
ineffective (Sweller et al,, 2019).
Neuroscientifically informed teaching
strategies—such as the use of multisensory
phonics programs, explicit scaffolding of
working memory demands, and structured

routines that reduce attentional disruptions—
can be integrated into mainstream classrooms
to support these learners (Kuhl, 2011).
Additionally, early screening tools rooted in
neurolinguistic markers can help identify at-
risk students earlier, enabling targeted
interventions that leverage neural plasticity
during critical developmental windows.
Importantly, these approaches are not limited to
remediation; universal design for learning
(UDL) principles, when combined with
neurodidactic insights, can lead to inclusive
practices that benefit all learners by offering
multiple means of representation, engagement,
and expression.

Despite these promising directions, the
integration of neuroscience into education
raises several important caveats and ethical
considerations. First, the translation from
laboratory findings to classroom practice is
nontrivial: many neuroscientific studies are
conducted under controlled conditions that do
not map neatly onto complex, dynamic
classrooms. Educators and researchers must
avoid  “neuro-myths”—oversimplified  or
misapplied interpretations of neuroscientific
results, such as rigid claims about learning
styles or the notion that individuals are strictly
left-brained or right-brained learners. Second,
the evidence base for some neurodidactic
interventions remains emergent; rigorous
randomized controlled trials and longitudinal
studies are needed to establish effectiveness
across diverse educational contexts. Third, the
use of neurotechnology (e.g, EEG headsets,
biometric sensors) in educational settings
raises privacy, consent, and equity concerns.
Schools must ensure that data collection serves
pedagogical aims and protects learners’ rights,
avoiding surveillance-oriented practices that
could stigmatize or disadvantage vulnerable
students.

Implementation at scale requires
thoughtful professional development for
educators. Teachers need both conceptual
understanding and practical tools to apply
neurodidactic principles effectively. This
includes training in cognitive load management,
formative assessment practices, scaffolding
techniques, and the wuse of multimodal
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resources. Moreover, teachers should be
supported in interpreting learning analytics and
integrating adaptive technologies in ways that
complement their pedagogical judgment rather
than supplantit. Collaborative inquiry models—
where teachers, neuroscientists, and
instructional designers co-create interventions,
pilot them in classrooms, and iteratively refine
approaches—offer a promising pathway to
bridge research and practice (Pauli et al., 2018).
Such partnerships can also help generate
context-sensitive evidence that respects
cultural and linguistic diversity, avoiding one-
size-fits-all prescriptions.

Policy considerations are equally
important. Education systems must resist
tokenistic adoption of “brain-based” labels and
instead invest in sustained research-practice
partnerships, technology infrastructure, and
equitable access to effective tools. Funding
priorities should emphasize not only the
procurement of adaptive platforms but also
rigorous evaluation and teacher capacity
building. Additionally, curricular frameworks
should allow for flexibility in instructional
pacing, integration of formative assessment,
and support for experiential, project-based
learning that aligns with neurodidactic
principles. Policymakers should also safeguard
ethical standards for data governance and
ensure that neurotechnology initiatives do not
exacerbate existing inequalities in access to
high-quality education (OECD, 2021).

Looking forward, several research
frontiers merit attention. One promising avenue
is the study of how bilingualism and
multilingualism shape neural networks for
language, with implications for instructional
approaches in linguistically diverse classrooms.
Neurolinguistic research suggests that bilingual
experience can confer cognitive advantages in
areas such as executive control; educational
practices that build on learners’ home languages
and leverage cross-linguistic transfer may
therefore promote both linguistic and cognitive
development. Another frontier is the integration
of fine-grained temporal measures (e.g., EEG
signatures of semantic prediction) into adaptive
learning systems. While the direct use of neural
measures in classrooms may remain limited,

hybrid models that combine unobtrusive
physiological sensors with behavioral analytics
could offer novel insights into engagement and
processing in real time. Finally, longitudinal
studies tracking neural and educational
outcomes across developmental stages can
illuminate how early interventions interact with
later learning experiences to shape trajectories
of competence and motivation (Russell &
Norvig, 2022).

Practically, educators can begin to apply
neurodidactic and neurolinguistic insights in
several concrete ways (Anderson, 2015). First,
design lessons that manage cognitive load by
chunking information, using worked examples
for novices, and progressively increasing
complexity as learners develop schemas.
Second, incorporate retrieval practice and
spaced repetition across units to support
durable learning; use low-stakes quizzes,
flashcards, and cumulative reviews to prompt
recall. Third, employ multimodal teaching
strategies that pair verbal explanations with
gestures, images, simulations, and embodied
activities to create richer memory traces.
Fourth, prioritize formative, process-oriented
feedback that guides students on specific next
steps rather than merely evaluating outcomes.
Fifth, create emotionally engaging contexts
through  meaningful projects, authentic
audiences, and collaborative tasks that harness
motivation as a learning lever. Sixth, provide
differentiated supports and scaffolds for
learners with diverse needs, leveraging
multisensory techniques and incremental
challenges to foster mastery. Finally, cultivate a
classroom culture of reflective practice and
metacognition, encouraging students to
articulate strategies, set goals, and monitor their
progress.

In conclusion, the integration of
neurodidactics and neurolinguistics offers a
scientifically grounded roadmap for
reimagining education, particularly in the realm
of language learning. By attending to how the
brain attends, encodes, consolidates, and
retrieves information, educators can design
learning experiences that are more efficient,
engaging, and transferable. Neurolinguistic
insights deepen this agenda by revealing the
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neural architectures of language and guiding
approaches to phonology, vocabulary, syntax,
and pragmatic use that align with brain-based
learning mechanisms. However, translating
neuroscience into practice demands careful,
evidence-based implementation, ethical
vigilance, and sustained collaboration among
researchers, practitioners, and policymakers.
When done thoughtfully, the marriage of
neuroscience and pedagogy promises to enrich
teaching and learning—helping learners not
only to acquire knowledge but to develop the
cognitive and linguistic capacities required for
flourishing in an increasingly complex and
multilingual world.
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