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Abstract:

Objective: The present study aimed to compare the effectiveness of brain hemisphere training and
neurofeedback therapy on creativity among second-grade elementary students with academic
failure.

Methodology: This applied research employed a quasi-experimental design with pretest—posttest,
follow-up, and a control group. The statistical population consisted of second-grade elementary
students in Isfahan during the 2022-2023 academic year. Using purposive sampling, six elementary
schools were selected, and 45 students with academic failure who met the Torrance Creativity Test
cutoff score were recruited and randomly assigned into three groups: brain hemisphere training,
neurofeedback therapy, and control (n=15 each). The first experimental group received structured
brain hemisphere training sessions, while the second group underwent neurofeedback intervention
based on EEG self-regulation protocols; the control group received no intervention. Creativity was
measured using the Torrance Test of Creative Thinking (Figural Form B). Data were analyzed using
Received: 24 September 2025 repeated measures ANOVA and LSD post hoc tests in SPSS-26.
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Findings: Statistical analysis revealed a significant group effect on creativity (p<0.05). Posttest and

Accepted: 22 February 2026 follow-up comparisons indicated significant differences between the brain hemisphere training
Initial Publish: 08 April 2026 group and both the neurofeedback and control groups. However, no significant difference was
Final Publish: 22 December 2026 observed between the neurofeedback and control groups. The results demonstrated that brain

hemisphere training produced a sustained improvement in creativity, whereas neurofeedback alone
did not yield statistically significant gains compared with the control condition.

a@ Conclusion: The findings suggest that brain hemisphere training represents an effective

Copyright: © 2026 by the authors. nheuroeducational intervention for enhancing creativity in students experiencing academic failure
and shows greater effectiveness than neurofeedback therapy.
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Extended Abstract

Introduction

Educational systems worldwide increasingly emphasize
the development of higher-order cognitive skills rather than
mere knowledge transmission. Among these skills, creativity
has emerged as a central construct associated with academic
success, adaptive learning, and lifelong problem-solving
capacity. Contemporary educational psychology recognizes
creativity as a multidimensional cognitive ability involving
flexibility, originality, elaboration, and fluency of thought,
all of which contribute to effective learning processes
(Larraz, 2021). Research indicates that students
demonstrating higher creativity levels exhibit stronger
academic engagement, improved learning strategies, and
enhanced adaptability to complex educational demands
(Souri et al., 2024). Consequently, fostering creativity has
become a key strategy for addressing academic
underachievement.

Academic failure represents a persistent challenge in
many educational contexts. It is not merely a reflection of
intellectual deficiency but often stems from deficits in
executive functioning, motivation, and cognitive processing
efficiency (Mohsenizadeh &  Andishmand, 2020).
Educational performance is closely linked to cognitive
flexibility and innovative thinking abilities, suggesting that
interventions targeting creativity may contribute to
improved academic functioning (Mecias & Palaoag, 2022).
Studies have further demonstrated that creativity mediates
the relationship between environmental, educational, and
psychological variables influencing academic outcomes
(Azizinejad & Dioband, 2022).

Advances in neuroscience have transformed the
understanding of creativity from a purely psychological
construct into a neurocognitive phenomenon grounded in
brain network dynamics. Neuroimaging studies reveal that
creativity involves coordinated activity among distributed
neural networks,

particularly  frontal, parietal, and

associative regions of the brain (Miura et al., 2024). Recent
research highlights the role of the brain’s default mode
network in idea generation and creative cognition, indicating
that creativity depends on large-scale neural integration
rather than isolated brain regions (Svanishvili, 2025).
Furthermore, aesthetic and perceptual experiences have been
shown to enhance neural connectivity associated with
creative thinking (Huo, 2025).

Earlier neurophysiological research demonstrated
distinct patterns of brainwave activity during convergent and
divergent thinking processes, emphasizing the functional
organization of brain regions in creativity (Razumnikova,
2000). Electroencephalographic  studies on creative
professionals confirmed increased connectivity between
frontal and posterior brain areas during creative tasks (De
Smedt et al., 2016). Likewise, hemispheric connectivity has
been associated with divergent thinking abilities, suggesting
that creativity relies on interaction between cerebral
hemispheres (Vioore et al., 2009). Although simplistic left-
brain/right-brain  dichotomies have been criticized,
coordinated hemispheric functioning remains essential for
optimal cognitive performance (Allen & van der Zwan,
2019).

Educational neuroscience has therefore introduced
interventions designed to stimulate brain functioning and
promote cognitive integration. One such intervention is brain
hemisphere training, which employs coordinated motor,
sensory, and cognitive exercises aimed at enhancing
between Research

communication hemispheres.

demonstrates that such training improves reading
performance, executive functioning, and learning abilities in
students with academic difficulties (Nabizadeh Nodehi et
al., 2019). Neuropsychological creativity training programs
have also shown improvements in perceptual-motor skills,
visual-spatial processing, and memory, all of which
contribute to creative performance (Pournasai et al., 2019).
Sensory integration approaches further support executive

functioning development, reinforcing the theoretical basis of
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hemisphere-based educational interventions (Pirkhaefi &
Akbarvand, 2016).

Parallel to these educational approaches, neurofeedback
therapy has gained attention as a neuroregulatory
intervention that trains individuals to modify brainwave
activity through real-time feedback. Neurofeedback has
demonstrated effectiveness in enhancing working memory
and attention regulation among children with cognitive
difficulties (Alidadi Taimeh et al., 2019). Studies also
indicate improvements in academic performance following
neurofeedback-based executive function training (Ghiyasi
Gishi et al., 2018). Moreover, neurofeedback training has
been associated with improved long-term memory
performance and cognitive efficiency (Tseng et al., 2021).
Some evidence suggests that neurofeedback may enhance
creativity by increasing self-regulation and cognitive
flexibility (Rahmati et al., 2014), although findings remain
inconsistent.

Brain-based learning frameworks emphasize that
meaningful learning occurs when multiple neural systems
are activated simultaneously through sensory, emotional,
and motor engagement (Habibnejad Allameh et al., 2023).
Cognitive neuroscience research further indicates that
creative thinking involves coordinated activation across
diverse brain regions rather than dominance of a single
hemisphere (Yarmohammadi et al., 2021). Design thinking
approaches in education similarly highlight creativity as an
experiential and active learning process grounded in
engagement and problem solving (Herniksen et al., 2017).
Metacognitive processes also play a crucial role in creativity
development, linking reflective thinking with innovative
idea generation (Salarifar et al., 2021).

Despite growing interest in neuroscience-based
educational interventions, limited empirical research has
compared the effectiveness of hemisphere training and
neurofeedback therapy on creativity among students
experiencing academic failure. Considering the importance

of innovative educational strategies for improving learning

outcomes, the present study aimed to compare the

effectiveness of brain  hemisphere training and
neurofeedback therapy in enhancing creativity among
elementary students with academic failure.

Methods and Materials

The present study employed an applied quasi-
experimental design using a pretest—posttest framework with
follow-up assessment and a control group. The statistical
population consisted of second-grade elementary students
experiencing academic failure in Isfahan during the 2022—
2023 academic year. Sampling was conducted purposively.
Six elementary schools were selected, and students
identified as having academic failure were screened using a
standardized creativity assessment. Forty-five eligible
students were selected and randomly assigned into three
equal groups: brain hemisphere training, neurofeedback
therapy, and a control group.

The first experimental group received structured brain
hemisphere training consisting of coordinated motor
exercises, sensory stimulation activities, visual-spatial tasks,
rhythmic movements, and cognitive engagement activities
designed to activate both cerebral hemispheres. The
intervention was implemented through multiple sessions
following a structured protocol.

The second  experimental group  underwent
neurofeedback therapy using a two-channel neurofeedback
system. Sessions involved brainwave monitoring and self-
regulation training through computerized feedback tasks.
Participants attended regular sessions focused on improving
neural regulation related to attention, cognitive processing,
and mental control.

The control group received no intervention during the
study period. Creativity was assessed at three stages: pretest,
posttest, and follow-up using the Torrance Test of Creative
Thinking (Figural Form B). Data were analyzed using
repeated measures analysis of variance and LSD post hoc
comparisons.

Findings




SOl g (1 uilidity y aoldad

Descriptive statistics indicated comparable creativity
scores among groups at the pretest stage. Following the
intervention, the brain hemisphere training group
demonstrated a noticeable increase in creativity scores at
posttest, which remained relatively stable during the follow-
up stage. The neurofeedback group showed moderate
improvement compared to baseline, whereas the control
group exhibited minimal change across measurement
phases.

Repeated measures ANOVA results revealed a
statistically significant group effect on creativity. Post hoc
comparisons indicated significant differences between the
brain hemisphere training group and both the neurofeedback
and control groups at posttest. No statistically significant
difference was observed between the neurofeedback and
control groups.

Follow-up comparisons confirmed that the brain
hemisphere training group maintained significantly higher
creativity scores compared with the other groups,
demonstrating sustained intervention effects over time. The
neurofeedback group did not differ significantly from the
control group in follow-up measurements.

Overall, the data analysis indicated that brain hemisphere
training significantly enhanced creativity among students
with academic failure, while neurofeedback therapy alone
did not produce statistically significant improvements
relative to the control condition.

Discussion and Conclusion

The findings of the study indicate that brain hemisphere
training was more effective than neurofeedback therapy in
improving creativity among students experiencing academic
failure. The observed improvement suggests that educational
interventions combining motor, sensory, and cognitive
engagement may activate broader neural systems involved
in creative thinking. Active learning experiences appear to
foster deeper cognitive processing and flexible thinking
patterns, leading to sustained creativity enhancement.

The superiority of hemisphere training may be explained

by its experiential nature. Students participated in

movement-based and multisensory activities requiring
coordination, problem solving, imagination, and active
engagement. Such activities likely stimulated integrated
brain functioning and strengthened neural pathways
associated with creative cognition. Creativity development
appears to depend not only on neural regulation but also on
meaningful interaction between cognition, perception, and
action.

In contrast, neurofeedback primarily targets neural self-
regulation mechanisms such as attention control and arousal
modulation. While these processes are important for learning
readiness, they may not directly translate into increased
creative production unless combined with cognitively
demanding learning experiences. Creativity requires active
idea generation, flexible thinking, and experiential
exploration, which may explain the limited effectiveness of
neurofeedback when implemented as a standalone
intervention.

The persistence of creativity gains at follow-up further
suggests that hemisphere training promotes durable
cognitive change rather than temporary performance
improvement. The intervention may have strengthened
executive functioning, cognitive flexibility, and neural
integration, thereby supporting long-term  creative
development. These results highlight the importance of
educational approaches grounded in neuroscience but
implemented through active pedagogical engagement.

From an educational perspective, the findings emphasize
that addressing academic failure requires interventions
extending beyond traditional instruction. Enhancing
creativity can serve as a pathway for improving learning
motivation, cognitive engagement, and adaptive problem
solving. Brain-based educational strategies may therefore
provide an effective framework for supporting students who
struggle academically.

In conclusion, the study demonstrates that brain
hemisphere training represents a promising
neuroeducational intervention for fostering creativity among

elementary students with academic failure. Although
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neurofeedback offers valuable benefits for cognitive
regulation, its independent application may be insufficient
for promoting creative thinking. Educational systems

seeking to improve learning outcomes should consider

integrating brain-based, multisensory, and creativity-
oriented programs into instructional practice to support both

cognitive development and academic success.
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