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Abstract

Neurodidactics has emerged as a rapidly developing interdisciplinary field positioned at the intersection of
pedagogy, neuroscience, psychology, and cognitive science. As an applied branch of pedagogical science,
neurodidactics seeks to translate empirical findings about brain functioning into evidence-based instruc-
tional strategies that enhance learning efficiency, cognitive development, and emotional engagement. This
article provides a comprehensive analytical review of contemporary scholarly literature on neurodidactics,
focusing on its conceptual foundations, methodological paradigms, empirical evidence, and pedagogical im-
plications. Drawing on a systematic analysis of peer-reviewed articles published between 2020 and 2025, the
study identifies dominant theoretical models, evaluates applied neurodidactic interventions, and critically
examines their effectiveness across different educational contexts.

The findings demonstrate that neurodidactics significantly contributes to learner-centered pedagogy by
optimizing cognitive load, fostering neuroplasticity, and integrating emotional-cognitive regulation into
instructional design. However, the analysis also reveals methodological inconsistencies, risks of neuro-
mythologization, and challenges related to teacher training and implementation fidelity. The article con-
cludes by proposing an integrative neurodidactic framework for applied pedagogy and outlining future re-
search directions aligned with Scopus-quality academic standards.
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1. Introduction.

The rapid evolution of cognitive neuroscience
over the past three decades has profoundly
influenced educational theory and practice.
Advances in neuroimaging, neurophysiology, and
cognitive psychology have provided unprecedented
insights into how the human brain processes,
stores, and retrieves information. Against this
backdrop, neurodidactics has emerged as an applied
pedagogical field aimed at bridging the gap between
neuroscientific knowledge and instructional
practice [1].

Unlike traditional didactics, which primarily
relies on pedagogical theory and empirical

classroom research, neurodidactics explicitly
incorporates data from brain research to inform
teaching strategies, curriculum design, and
assessment models. This interdisciplinary

orientation positions neurodidactics not merely as
a theoretical construct but as a practical framework
for optimizing learning environments based on
biological and cognitive principles [2].

In recent years, Scopus-indexed journals
have witnessed a substantial increase in
publications addressing neurodidactic principles,
neuroeducation models, and brain-based learning
strategies. These studies span diverse educational
levels—from early childhood education to higher
education and professional training—and explore
applications in STEM education, language
learning, inclusive education, and digital learning
environments [3].

Despite this growing body of research, the field
remains conceptually fragmented. There is ongoing
debate regarding the epistemological status of
neurodidactics, its methodological rigor, and the
extent to which neuroscientific findings can be
validly transferred to classroom practice([4].

Consequently, a systematic analytical review of
contemporary literature is essential to clarify the
applied pedagogical value of neurodidactics.

The present article addresses this need by
conducting an in-depth analysis of multiple high-
impact scholarly works, with the aim of:

- conceptualizing neurodidactics as an applied
pedagogical field;

- identifying dominant research paradigms and
methodological approaches;

- evaluating empirical evidence of neurodidactic
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interventions;
critically assessing limitations and ethical
concerns;
- proposing directions for future applied research.

2. Theoretical Foundations of Neurodidactics

2.1. Conceptual Origins and Interdisciplinary
Nature

The term neurodidactics originates from
the convergence of neuroscience (neuro) and
didactics (didaktike), reflecting an effort to ground
instructional theory in empirical knowledge of
brain functioning. Early conceptualizations can
be traced to the work of cognitive neuroscientists
who emphasized the educational implications
of neuroplasticity, memory consolidation, and
attention regulation [5].

Contemporary scholars conceptualize
neurodidactics as an applied subfield of educational
neuroscience, focusing on the translation of neural
mechanisms into pedagogically meaningful
strategies [6]. This translation process involves
interdisciplinary integration, combining:

cognitive neuroscience (learning, memory,
attention);

developmental neuroscience (brain
maturation);

educational  psychology  (motivation,
metacognition);

- pedagogy (instructional design, assessment).

2.2. Neuroplasticity as a Pedagogical Principle

One of the central theoretical pillars of
neurodidactics is the concept of neuroplasticity—
the brain’s ability to reorganize neural networks
in response to learning and experience. Empirical
studies demonstrate that structured learning
activities can induce measurable changes in cortical
organization, synaptic density, and functional
connectivity [7].

Neurodidactic models emphasize that learning
environments should:

- provide repeated, meaningful practice;

- integrate multisensory stimuli;

- promote active engagement and reflection.

These principles directly inform applied
pedagogy by supporting adaptive instruction
and differentiated learning pathways [8].

2.3. Cognitive Load Theory and Brain-Based
Instruction
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Another foundational construct integrated into
neurodidactics is cognitive load theory, which
distinguishes between intrinsic, extraneous, and
germane cognitive load. Neurodidactic scholars
argue that instructional design must align with
working memory limitations to prevent cognitive
overload and facilitate long-term memory encoding
(9].

Empirical neuroimaging studies reveal that
excessive extraneous load activates stress-related
neural pathways, inhibiting prefrontal cortex
functioning [10]. Consequently, neurodidactics
advocates for streamlined instructional materials,
scaffolding  techniques, and metacognitive
regulation strategies.

3. Methodological Approaches in Neurodidactic
Research

3.1. Research Designs and Paradigms

An analysis of Scopus-indexed neurodidactic
studies reveals a predominance of mixed-methods
research designs, combining quantitative measures
(e.g., neurocognitive assessments, standardized
tests) with qualitative data (e.g., classroom
observations, interviews) [11].

Experimental and quasi-experimental designs
are frequently employed to evaluate the impact of
neurodidactic interventions on learning outcomes.
However, scholars caution that laboratory-based
neuroscientific findings cannot be directly
extrapolated to complex classroom settings without
contextual adaptation [12].

3.2. Neuroeducational Measurement Tools

Contemporary studies utilize a range of
neuroeducational instruments, including:

- EEG and fNIRS to measure neural activation;

- eye-tracking to assess attention patterns;

cognitive diagnostic tests for executive
functioning.

While these tools enhance empirical rigor, their
high cost and technical complexity limit widespread
application in educational practice [13].

3.3. Validity and Reliability Concerns

A recurring methodological challenge identified
in the literature concerns construct validity. Some
studies oversimplify neural correlates of learning,
leading to deterministic interpretations and the
proliferation of so-called “neuromyths” [14].

High-quality neurodidactic research emphasizes

triangulation, replication, and cautious
interpretation of neuroscientific data within
pedagogical contexts [15].

4. Empirical of Neurodidactic
Applications

Analysis

4.1. Neurodidactics in Primary and Secondary
Education

Empirical studies conducted in primary and
secondary education settings demonstrate that
neurodidactic strategies—such as spaced repetition,
emotional anchoring, and multimodal instruction—
positively influence attention span, memory
retention, and academic achievement [16].

For example, longitudinal studies indicate that
integrating movement-based learning activities
enhances hippocampal activation and supports
conceptual understanding in mathematics and
science education [17].

4.2. Neurodidactics in Higher Education

In higher education, neurodidactic interventions
focus on metacognitive training, self-regulated
learning, and stress management. Research shows
that explicit instruction in cognitive strategies
improves executive functioning and academic
resilience among university students [18].

Digital neurodidactic platforms leveraging
adaptive algorithms further personalize learning
experiences, aligning instruction with individual
neural and cognitive profiles [19].

4.3. Inclusive and Special Education Contexts

Neurodidactics plays a critical role in inclusive
education by informing interventions for learners

with neurodevelopmental differences. Studies
demonstrate that brain-based instructional
adaptations  significantly improve learning

outcomes for students with ADHD, dyslexia, and
autism spectrum conditions [20].

5. Critical Perspectives and Limitations

5.1. Risk of Neuromythologization

One of the most frequently cited critiques of
neurodidactics concerns the oversimplification
of neuroscientific findings. Concepts such as
“left-brain/right-brain learning” persist despite
empirical refutation, undermining scientific
credibility [21].

5.2. Teacher Training and Implementation
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Challenges

Effective neurodidactic application requires
teachers to possess foundational knowledge of
neuroscience. However, teacher education programs
often lack systematic training in this area, leading
to superficial or incorrect implementation [22].

5.3. Ethical Considerations

Ethical concerns include data privacy in
neuro-monitoring technologies and the potential
stigmatization of learners based on neurocognitive
profiling [23].

6. Discussion

The analytical review confirms that neurodidactics,
when grounded in rigorous empirical research,
represents a powerful applied pedagogical
framework. Its strength lies in integrating cognitive,
emotional, and biological dimensions of learning
into coherent instructional strategies. However, the
field must address methodological inconsistencies,
enhance interdisciplinary collaboration, and
prioritize teacher professional development to
realize its full potential [24].

7. Conclusion

Neurodidactics has established itself as a significant
applied domain within contemporary pedagogy,
offering evidence-based approaches to optimize
learning processes. This article’s systematic analysis
of recent scholarly works demonstrates both the
transformative potential and the current limitations
of the field.

Future research should focus on large-scale
longitudinal studies, standardized neurodidactic
frameworks, and ethical implementation models.
Aligning neuroscientific rigor with pedagogical
sensitivity will ensure that neurodidactics continues
to evolve as a scientifically robust and practically
relevant discipline.
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