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ABSTRACT

Neuro-hacking, understood here as the deliberate application of neuroscience-informed techniques to
regulate attention, memory formation and cognitive load, has begun to migrate from clinical and self-
improvement contexts into mainstream higher-education pedagogy. This review synthesises evidence
from five primary studies retrieved through a structured literature search, supplemented by nine
additional peer-reviewed sources on blended learning and neuroeducation, to examine how neuro-
hacking models can be embedded across online and face-to-face components of blended courses, and
what effectiveness data currently support them. Three recurring model families are identified:
technology-mediated brain monitoring (e.g., brain—computer interfaces, eye-tracking, neuro-
feedback), brain-compatible pedagogical design (short task intervals, immediate feedback,
multisensory cues), and cognitive training techniques (brain gymnastics, neuro-linguistic
programming, spaced repetition). Across 1,109 undergraduate participants in technical disciplines,
statistically significant gains of three to nine percentage points in academic performance were
reported, although the most rigorous randomised design produced the smallest effect size, suggesting
that weaker methodologies may inflate apparent benefits. The review concludes that blending is not
incidental but functionally necessary: neuro-hacking techniques appear to work best when short,
feedback-rich online activities are paired with face-to-face reinforcement rather than deployed in
either modality alone. Implementation barriers, equity concerns and the risk of conflating
neuroscience with popular neuromyths are discussed, and directions for methodologically stronger
future research are proposed.

Keywords: Neuro-hacking, Blended learning, Neuroeducation, Brain-compatible learning, Cognitive
load, Higher education.

Copyright © 2026 The Author(s). This article is licensed under CC BY 4.0.

4 International Journal of Digital Research, Volume 2, Issue 3, 2026
© The Author(s) 2026 | Licensed under CC BY 4.0


mailto:sivasankar_arumugam@yahoo.com
https://doi.org/10.63711/ijdr.net20260304

Arumugam Sivasankar— Bridging Neuroscience and Blended Pedagogy: A Review of Neuro-Hacking
Models and Their Effectiveness in Hybrid Classroom Environments

INTRODUCTION

Blended learning — the structured combination of face-to-face instruction with online activity —
has become the default architecture of contemporary higher education, and a substantial body of
bibliometric work now tracks its rapid expansion across disciplines and regions [6], [7]. What is less
settled is what should fill that architecture. Over the past decade, a parallel strand of research has
asked whether principles drawn from cognitive and educational neuroscience can be deliberately
engineered into course design to accelerate learning, a practice increasingly labelled "neuro-hacking"
when it draws on brain-monitoring technology, and "brain-compatible™ or "neuroeducation™ when it
draws on pedagogical translations of neuroscience [8]. The appeal is intuitive: if attention decays after
a predictable interval, if working memory has known capacity limits, and if feedback timing shapes
consolidation, then course design that respects these constraints ought to outperform design that
ignores them.

Yet the evidence base for this claim is fragmented. Studies vary in what they call a neuro-
hacking intervention, in whether they measure brain activity directly or only its behavioural proxies,
and in how rigorously they isolate the intervention from confounding features of blended course
redesign. This review addresses three questions.

First, what distinct families of neuro-hacking model appear in the empirical literature on blended
higher education?

Second, how effective are these models, and does effectiveness hold up under stronger research
designs?

Third, how should online and face-to-face components be structured so that neuro-hacking
techniques are additive rather than redundant across modalities? The review draws primarily on five
studies identified through a structured search of the academic literature [1]-[5], situated within a
broader literature on blended-learning effectiveness and neuroeducation [6]-[14].

CONCEPTUALISING NEURO-HACKING IN EDUCATIONAL SETTINGS

The term neuro-hacking is used inconsistently across the literature reviewed here. In its
narrowest sense it refers to instrumented monitoring of neural or ocular signals -
electroencephalography (EEG), brain—computer interfaces (BCIs) and eye-tracking — to infer
attention, cognitive load and engagement in real time [4]. In a broader sense, several studies apply the
label to any instructional design choice justified by reference to a neuroscience principle, even where
no brain signal is actually recorded.

Van Niekerk and Webb, for instance, built "brain-compatible™ programming materials around
short task intervals, animation and immediate feedback, appealing to neuroplasticity and simultaneous
part-whole processing without measuring brain activity directly [1]. Parra et al. framed brain
gymnastics and neuro-linguistic programming exercises as neuroscience-based tools for activating
visual, auditory and kinesthetic learning channels [2]. Cutrell et al.'s randomised trial of video-plus-
peer-led instruction was not originally framed as neuro-hacking at all, but is included here because its
design — short 8-15-minute video segments paired with structured discussion — instantiates the same
short-interval, feedback-rich logic that the other studies justify neuroscientifically [3].

This conceptual looseness matters for a review article, because it means the category "neuro-
hacking™ spans genuine psychophysiological measurement at one end and repackaged instructional -
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design common sense at the other. Recent commentary on brain-based learning in higher education
instructional design cautions that neuroscience terminology is frequently attached, post hoc, to
practices that would be defensible on purely pedagogical grounds, and warns against the uncritical
adoption of "neuromyths” such as fixed learning-style categories or hemispheric dominance [9]. The
taxonomy proposed in the following section therefore separates instrumented monitoring from
pedagogical translation, while acknowledging that both are described as neuro-hacking within the
source literature.

METHOD & APPROACH

This is a narrative review rather than a systematic review with meta-analytic pooling, reflecting
the heterogeneity of outcome measures across the source studies. Five primary sources were retrieved
through a semantic literature search of academic databases, screened against criteria requiring an
undergraduate population, a non-invasive cognitive intervention embedded in a blended course, at
least one measurable educational outcome, and peer-reviewed publication status [1]-[5].

These were supplemented with nine additional sources located through targeted searches on
blended-learning effectiveness, neuroeducation and instructional-design bibliometric, selected
because they provide the broader methodological and theoretical context needed to interpret the five
primary studies [6]-[14].

Because the primary evidence base is small and methodologically diverse — spanning one
randomised controlled trial, one quasi-experimental study, one pre-experimental study and one
systematic review — findings are synthesised narratively and cross-checked against the wider blended-
learning literature rather than expressed as a single pooled effect.

A TAXONOMYOF NEURO-HACKING MODELS FOR BLENDED LEARNING

Three model families recur across the reviewed studies, distinguished by the mechanism through
which they are claimed to influence cognition: instrumented monitoring, pedagogical redesign and
cognitive-training exercises. Figure 1 summarises the taxonomy and its shared theoretical grounding.

Technology-mediated brain monitoring

Jamil et al.'s systematic review of online learning enhanced by brain activity and eye-movement
data catalogues studies using EEG, eye-tracking and BClIs to capture attention, cognitive load and
problem-solving processes during learning tasks, typically in sessions of ten to fifteen minutes [4].
This family of interventions is distinctive in that it treats the learner's neural or ocular signal as data to
be fed back into the instructional loop, either to the learner, the instructor, or an adaptive system.

The review found that most of the corpus it examined did not actually close this loop with real-
time feedback, and that experimental tasks more often relied on pre-recorded rather than live video,
which limited genuine student-teacher interaction [4]. No study in the corpus reported evidence of
brain-to-brain synchronisation during remote learning, a gap the review flags as a promising but
currently untested application [4].

Brain-compatible pedagogical design

Van Niekerk and Webb's experimental study of programming instruction is the clearest exemplar
of this family [1]. Traditional lecture materials were redesigned into interactive, brain-compatible
units delivered through PowerPoint, Moodle and pencast videos, incorporating short task intervals of
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five to ten minutes, animation, colour cues and immediate feedback, all justified by reference to
neuroplasticity, memory formation and simultaneous part-whole processing [1]. The redesigned
materials augmented rather than replaced face-to-face lectures, positioning this model squarely as a
blended-learning intervention rather than a purely online one [1].

Cutrell et al.'s Massively Empowered Classroom model, while not neuroscientifically labelled by
its authors, follows a structurally similar logic: forty-five videos of eight to fifteen minutes each,
combined with face-to-face peer-led discussion sessions, delivered through a platform engineered for
bandwidth-constrained offline viewing [3].

Cognitive training techniques

Parra et al. applied brain gymnastics and neuro-linguistic programming exercises within a first-
cycle mathematics course, reporting significant gains (p < 0.01) concentrated particularly in
kinesthetic learning, a channel the authors describe as previously the slowest to respond to
conventional instruction [2].

Panjwani and Thomas's theoretical contribution extends this family further, discussing spaced
repetition, active learning and mindfulness as neuroplasticity-grounded techniques for memory
formation and attention regulation, while explicitly raising ethical questions about cognitive
enhancers and equitable access to neurotechnology [5].

Unlike the monitoring and pedagogical-design families, cognitive training techniques in this
literature are typically delivered as discrete exercises rather than embedded in the structure of course
materials themselves.

Figure 1. Taxonomy of Neuro-Hacking Models in Blended Learning
@) Technology-Mediated | Brain-Compatible : Cognitive Training
% ;‘H Brain Monitoring [gg:) Pedagogical Design = Techniques

BCls « EEG - Eye-tracking Short task intervals » Inmediate Brain gymnastics ¢ NLP « Spaced
Neurofeedback feedback * Animation/colour cues repetition « Mindfulness

= Shared theoretical grounding: neuroplasticity, working-memory limits,
attention and cognitive-load regulation

Blended Learning Outcomes
UDI]I:I Academic performance ¢ Engagement ¢
Retention ¢ Self-regulated learning

Figure 1. Taxonomy of neuro-hacking models identified in the reviewed blended-learning literature,
showing their shared theoretical grounding and convergence on learning outcomes.
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BLENDING ONLINE AND FACE-TO-FACE DELIVERY OF NEURO-HACKING
TECHNIQUES

A pattern across the strongest-performing studies is that neuro-hacking techniques were not
confined to a single modality but distributed deliberately across online and face-to-face components.
Van Niekerk and Webb's online brain-compatible modules were designed explicitly to augment, not
substitute for, face-to-face lectures, with the short-interval online tasks priming students before in-
class discussion consolidated the material [1].

Cutrell et al. paired short online videos with structured face-to-face peer discussion, and it was
this combination — rather than the video content alone — that produced the measured exam-score gains
[3]. Jamil et al.'s review, by contrast, examined interventions that were largely confined to the online
space, and found that the absence of live, reciprocal interaction limited their measured impact on
interaction-dependent outcomes such as student-teacher engagement [4].

Read together, these findings suggest that the online component is well suited to carrying the
short-interval, data-capturing and self-paced elements of a neuro-hacking model, while the face-to-
face component is better suited to carrying the socially mediated feedback, discussion and kinesthetic
elements that online delivery struggles to replicate. Figure 2 depicts this convergence.

Figure 2. Integration Framework for Neuro-Hacking Across Blended Modalities
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Figure 2. Proposed integration framework showing how online and face-to-face components each
contribute distinct elements of a neuro-hacking model, converging on a short-interval, feedback-rich
instructional cycle.

This division of labour is broadly consistent with wider blended-learning research showing that
the face-to-face component of a blended course carries much of its measurable benefit over fully
online alternatives, even when the online component is well designed [11].
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It also helps explain why purely technology-mediated monitoring interventions, which in the
reviewed literature were rarely paired with a face-to-face counterpart, produced rich process data on
attention and cognitive load but comparatively little direct evidence of academic-performance gains

[4].

Meta-analytic work on blended learning more broadly corroborates that performance, attitude
and engagement outcomes are sensitive to how modalities are combined, with effects varying
meaningfully by country and implementation context rather than being a fixed property of "going
blended" [12].

DISCUSSION
Critical Appraisal: Rigour, Effect Sizes and Neuromyths

A striking pattern emerges when the four empirical studies are ranked by methodological rigour
against the size of their reported effects. Cutrell et al.'s randomised controlled trial, the largest and
most rigorously designed study with 935 participants and college-level random assignment, produced
the smallest effect (n> = 0.02, a 3.6-percentage-point gain), while Van Niekerk and Webb's non-
randomised experimental design produced a moderate effect (Cohen's d = 0.42, an 8.82-percentage-
point gain), and Parra et al.'s pre-experimental design without a control group reported the strongest
statistical significance (p < 0.01) despite being the weakest design in causal terms [1]-[3]. This
inverse relationship between design rigour and reported effect size is a recognised pattern in
educational-intervention research generally, and it counsels caution before treating the larger effects
in this literature as the more trustworthy ones [3].

A second concern is definitional drift toward neuromyth territory. Recent scholarship on brain-
based learning in higher-education instructional design documents the persistence of discredited ideas
— fixed visual/auditory/kinesthetic learning styles, hemispheric dominance, and the notion that only a
fraction of brain capacity is normally used — within otherwise well-intentioned neuroscience-informed
teaching practice [9].

Parra et al.'s framing of kinesthetic learning as a distinct, previously underserved channel sits
close to this contested territory, and readers should note that the improvement reported may be
attributable to increased instructional variety and engagement rather than to a genuine kinesthetic
learning-style effect [2], [9]. This does not invalidate the finding, but it does argue for describing such
results in terms of engagement and multimodal instructional variety rather than in terms of matching
instruction to a fixed learner "type."

Ethical, Equity and Implementation Considerations

None of the reviewed studies reported adverse cognitive effects from neuro-hacking
interventions, which is a reassuring baseline finding. However, several structural concerns recur.
Technology-mediated monitoring requires EEG, eye-tracking or BCI hardware that is costly and
requires specialised expertise to operate and interpret, presenting an access barrier for the many
institutions operating in resource-constrained settings [4]. Cutrell et al.'s platform had to be
engineered specifically to manage bandwidth limitations and enable offline viewing, underscoring
that infrastructure constraints in developing regions are not incidental but central to implementation
feasibility [3].

Panjwani and Thomas raise a further concern that is easy to overlook amid enthusiasm for
measurable gains: unequal access to neurotechnology-enhanced instruction could widen rather than
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narrow existing achievement gaps, and any pharmacological or invasive cognitive-enhancement
adjuncts raise distinct ethical questions that fall outside what this review's non-invasive, technique-
based scope can adjudicate [5].

Broader systematic work on blended-learning barriers across the global North and South
similarly documents that infrastructure, digital literacy and institutional readiness — rather than
pedagogical design alone — are frequently the binding constraint on whether promising interventions
scale [10].

Implications for Practice and Future Research

For instructors and instructional designers, the evidence reviewed here supports a modest and
specific set of practical recommendations rather than a wholesale endorsement of "neuro-hacking™ as
a brand. Course materials benefit from being chunked into short, five-to-ten-minute segments with
immediate feedback, whether delivered online or in person [1].

Online components appear best used to carry self-paced, data-capturing and priming activities,
while face-to-face time is better reserved for discussion, peer interaction and kinesthetic exercises that
are difficult to replicate remotely [1], [3], [4]. Where technology-mediated monitoring is used, it
should where possible be closed into an actual feedback loop rather than deployed purely as a
measurement exercise, since the absence of real-time feedback was identified as a limitation of the
existing evidence base [4].

For researchers, three gaps stand out. First, the field needs more randomised designs at the scale
of Cutrell et al.'s trial, since smaller and less controlled studies currently dominate the evidence base
and may be inflating perceived effectiveness [1]-[3].

Second, longitudinal follow-up beyond the nine-week window achieved by Van Niekerk and
Webb is largely absent, leaving open whether gains persist across a full academic programme [1].

Third, no study in this review directly tested brain-to-brain synchronisation or other genuinely
dyadic neural measures during blended instruction, despite this being repeatedly flagged as a natural
extension of existing brain-monitoring work [4]. Addressing these gaps would allow the field to move
from a loosely bounded set of promising practices toward a more defensible, cumulative evidence
base — one less exposed to the definitional slippage between neuroscience and neuromyth that current
work already shows signs of [9].

CONCLUSION

Across the studies reviewed, neuro-hacking models applied within blended undergraduate
courses produced consistent, statistically significant, though generally modest, improvements in
academic performance, with no reported adverse cognitive effects. The strongest results emerged not
from any single technique in isolation but from deliberate distribution of short-interval, feedback-rich
activity across online and face-to-face modalities, with each modality carrying the elements it is best
suited to deliver.

At the same time, the inverse relationship observed between methodological rigour and reported
effect size, together with the field's occasional drift toward discredited neuromyths, argues for
measured optimism rather than uncritical adoption. Institutions considering neuro-hacking-informed
blended course design would be well served by prioritising the pedagogical-design and cognitive-
training techniques with the clearest empirical support, treating instrumented brain-monitoring as a
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research and feedback tool rather than a prerequisite, and attending explicitly to the infrastructure and
equity conditions that determine whether these gains can be realised at scale.
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