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Abstract:

Difficulties in academic learning are often associated with deficits in executive functions
(EFs), particularly in working memory, inhibitory control, and cognitive flexibility.
Among the cognitive processes linked to EFs, rapid automatized naming (RAN) is a key
indicator of lexical access efficiency and processing speed, both of which are crucial for
reading fluency and academic success. Given its importance, investigating interventions
that enhance RAN performance can provide valuable insights into cognitive training
strategies. This study examined the effects of a Neuropsychopedagogical Intervention
(NPpI) on automatized naming ability in children aged 7 to 9 years. A total of 20
participants were randomly assigned to either an experimental group (EG, n =10), which
received the intervention, or a control group (CG, n = 10), which did not undergo any
additional training. The intervention aimed to stimulate cognitive mechanisms
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underlying lexical retrieval and processing efficiency through structured cognitive
activities. All assessments were conducted after the intervention period, ensuring that
performance differences reflected the effects of NPpl. To evaluate outcomes, behavioral
performance was measured using the Rapid Automatized Naming (RAN) test, assessing
lexical retrieval speed and accuracy. Additionally, electrophysiological measures were
obtained through electroencephalography (EEG), specifically analyzing the Theta/Alpha
Ratio (TAR) in the parietal region to assess neural efficiency during cognitive processing.
The results showed that children in the EG exhibited faster naming times (M = 35.18s, SD
= 6.82) compared to the CG (M =40.19s, SD = 6.03; p = 0.0232). Moreover, the EG made
tewer errors (M =1.30, SD = 0.95) than the CG (M = 2.40, SD =1.07; p = 0.0415), indicating
improved lexical retrieval accuracy. Electrophysiological findings revealed a
significantly lower Theta/Alpha Ratio in the EG, particularly in the PZ electrode (EG: M
= 1.88, SD = 0.68 vs. CG: M = 2.73, SD = 0.77; p < 0.01), suggesting enhanced neural
efficiency following NPpl. These findings support the effectiveness of structured
neuropsychopedagogical interventions in enhancing automatized naming performance
and modulating cortical activity. The observed improvements in processing speed,
accuracy, and neural efficiency reinforce the relevance of integrating cognitive training
programs into educational settings. Future research should explore long-term effects,
applicability to diverse populations, and broader cognitive outcomes to optimize
intervention strategies for learning enhancement.

Keywords: children, executive functions, neuropsychopedagogical intervention, Rubik’s
cube, theta/alpha ratio, neural efficiency

1. Introduction

Difficulties in academic learning are often linked to deficits in executive functions (EFs),
which encompass working memory, inhibitory control, and cognitive flexibility
(Diamond, 2013; Khan & Lal, 2023). These cognitive abilities play a crucial role in
organizing thoughts, managing tasks, and adapting to new learning situations
(Thornhill-Miller et al., 2023). Children with below-average EF performance may struggle
with self-regulation, attention control, and efficient information processing, which are
essential for reading comprehension, mathematical reasoning, and problem-solving
(Ruffini et al., 2024). Moreover, deficits in executive functioning are associated with
increased frustration, difficulty following instructions, and lower engagement in
classroom activities, further hindering academic achievement(Etokabeka, 2024). As a
result, children with EF impairments often require additional instructional support and
structured learning strategies to compensate for cognitive inefficiencies (Capodieci et al.,
2023). These difficulties can compromise not only academic success but also long-term
cognitive development, affecting a child's ability to develop critical thinking,
organizational skills, and adaptive learning behaviors (Dwyer, 2023). Given these
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challenges, targeted interventions aimed at strengthening executive processes are
essential to support optimal learning and cognitive growth in school-age children
(Lambert, DiCarlo & Rueter, 2025).

Among the various cognitive processes related to learning, automatized naming
ability is particularly relevant, as it reflects the speed and accuracy of lexical access, a
critical component of reading fluency and verbal processing (Schoenel et al., 2020).
Children with impairments in automatized naming may experience delays in language
processing, slower reading development, and difficulties in retrieving learned
information (Graziani et al., 2024). Since automatized naming is closely linked to broader
executive and cognitive functions, improving its efficiency through structured cognitive
interventions may positively impact academic performance and learning outcomes
(Diamondé& Ling, 2016; Marshall et al., 2025).

Neuropsychopedagogical Interventions (NPpl) provide an evidence-based
approach to cognitive training in educational settings, integrating neuroscience,
psychology, and pedagogy to strengthen cognitive flexibility, attentional control, and
processing speed (Loureiro, Souza, & Cardoso, 2022). By engaging children in structured
cognitive tasks, NPpl can promote neural efficiency and information retrieval
mechanisms, offering potential benefits for automatized naming and other executive
functions (Cardoso et al., 2025).

This study aims to examine the effects of a Neuropsychopedagogical Intervention
(NPpI) on automatized naming ability in children aged 7 to 9 years. Specifically, it
investigates whether engagement in structured cognitive activities improves lexical
retrieval speed and accuracy while also assessing neural efficiency through cortical
electrical pattern analysis. By integrating behavioral and neurophysiological measures,
this research seeks to contribute to the understanding of cognitive processing
mechanisms and inform the development of effective intervention strategies for
enhancing learning performance in educational contexts.

2. Literature Review

2.1 Executive Functions in Children's Cognitive Development

Executive functions (EFs) are a set of higher-order cognitive skills that enable self-
regulation, problem-solving, and adaptation to novel or complex situations. These
functions are fundamental to learning, as they allow individuals to plan, organize
information, control impulses, and adjust their actions according to specific goals
(Ibbotson, 2023). EFs encompass both basic and complex abilities, with working memory,
inhibitory control, and cognitive flexibility serving as the foundational executive
functions upon which more complex processes, such as planning and decision-making,
are built (Sambol et al., 2023). Inhibitory control is strongly associated with prefrontal
cortex activity, particularly in the ventrolateral and dorsolateral regions, in interaction
with subcortical circuits such as the caudate nucleus and the basal ganglia, which play a
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role in filtering irrelevant information and modulating motor responses (Friedman &
Robbins, 2022). Beyond its relationship with attention and behavior, inhibitory control is
also essential for linguistic and motor processes. In the language domain, it enables
individuals to filter phonological and semantic interference during verbal production
and comprehension, contributing to fluency and discourse coherence (Hertrich et al.,
2021). In motor control, this function is crucial for strategy adaptation and coordinated
movement execution, including the regulation of eye movements, which are essential for
visual orientation and motor precision (Giovannetti & Rancz, 2024). Oculomotor tracking
allows individuals to continuously adjust their visual attention, filtering out irrelevant
stimuli and focusing on key elements for task execution. This mechanism is closely linked
to visuomotor integration, which involves coordination between visual perception and
bodily movement, enabling precise adjustments and anticipatory actions (Souto &
Kerzel, 2021). Thus, inhibitory control not only regulates impulsive response suppression
but also contributes to the fluidity and accuracy of oculomotor and motor movements,
which are essential for planning, continuous monitoring, and rapid strategy adjustments,
frequently required in educational environments (Apsvalka et al., 2022). Consequently,
deficits in inhibitory control are often associated with attention problems, learning
difficulties, and impulsivity, negatively impacting school performance and behavioral
regulation (Kostyrka-Allchorne et al., 2023). The stimulation of this function through
structured interventions can lead to significant improvements in concentration, thought
organization, and action planning, all of which are crucial for cognitive and academic
development (Robledo-Castro, Hederich-Martinez & Castillo-Ossa, 2023).

Working memory (WM) refers to the ability to temporarily store and manipulate
information while performing a cognitive task. It plays a fundamental role in various
domains, including problem-solving, reading comprehension, mathematical reasoning,
and language development (Zhang, Tolmie, & Gordon, 2022). WM allows individuals to
retain relevant information and use it to complete more complex cognitive tasks, making
it one of the key components of executive functioning in educational settings (Kazali,
2025). From a neurophysiological and anatomical perspective, the prefrontal cortex is the
primary structure involved in WM, working in conjunction with the parietal cortex and
subcortical structures such as the hippocampus, which support the maintenance and
manipulation of temporary information (Sridhar, Khamaj & Asthana, 2023).
Electroencephalography (EEG) studies suggest that efficient WM performance is
associated with specific patterns of electrical activity, particularly in the theta (4-7 Hz)
and alpha (8-12 Hz) frequency bands (Magosso & Borra, 2024; Perez et al., 2024). Theta
activity has been linked to the active maintenance of information, while alpha
suppression is associated with increased attentional control during tasks that require
cognitive effort (Clements et al., 2022).

Beyond its importance for information storage and manipulation, working
memory plays a crucial role in specific cognitive systems, such as the phonological loop,
verbal processing mechanisms, and visuomotor processing (Okur& Aksoy, 2025). The
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phonological loop, for example, enables the temporary retention and manipulation of
verbal information, which is essential for language development and reading acquisition
(Paas & van Merriénboer, 2020). Meanwhile, visuomotor integration, supported by the
interaction between the parietal cortex and prefrontal regions, allows for coordination
between visual perception and motor actions, a critical aspect for tasks that require
refined motor control and strategic planning (Wang et al., 2024; Florio, 2025).

These findings emphasize the importance of working memory for a wide range of
cognitive and motor functions, highlighting its central role in tasks that require retention,
manipulation, and integration of information, particularly within educational contexts
(Draheim et al., 2022; Morra, Howard & Loaiza, 2025).

Cognitive flexibility is the ability to switch between different tasks or mental
strategies, adjusting to environmental demands and allowing for efficient adaptation to
new conditions (Shende & Mudar, 2023). This function is directly related to cognitive
reconfiguration, enabling individuals to modify thought patterns, adjust previously
planned responses, and adopt new approaches when faced with unexpected challenges
(Ritz, Leng, & Shenhav, 2022). In addition to its role in creative problem-solving,
cognitive flexibility is also associated with oculomotor control and adjustment,
facilitating efficient shifts in visual focus between different stimuli (Korda et al., 2024).
Adaptive oculomotor tracking allows for the rapid identification of relevant information
while filtering out distractions, optimizing visual navigation in dynamic contexts (Hooge
et al., 2025). Therefore, cognitive flexibility not only regulates the switching between
cognitive strategies but also influences visuomotor adaptation, ensuring an efficient
response to demands that require attentional reorientation and coordination between
visual perception and action (Ziithlsdorff et al., 2023; Cole, 2024).

2.2 Executive Functions and Cortical Electrical Patterns

Electroencephalography (EEG) studies have demonstrated that the efficient functioning
of executive functions (EFs) is associated with specific patterns of cortical electrical
activity, reflecting the dynamics of cognitive processes involved in working memory,
inhibitory control, and cognitive flexibility (Viviani& Vallesi, 2021). Activity in the theta
(4-7 Hz) and alpha (8-12 Hz) frequency bands has been extensively studied in relation to
working memory, with the former associated with active information maintenance and
cognitive control regulation by the prefrontal cortex, while the suppression of the latter
is related to the efficient allocation of attentional resources and the inhibition of irrelevant
stimuli, optimizing the processing of temporarily stored information (Domic-Siede et al.,
2021; Magosso & Borra, 2024; Huang et al., 2024).

Beyond working memory, other executive functions also exhibit characteristic
electrophysiological patterns. Inhibitory control has been associated with an increase in
beta activity (13-30 Hz) in the frontal region, reflecting an enhancement in the filtering of
irrelevant information and the inhibition of automatic responses (Boutzoukas et al., 2021;
Wang, & Lyu, 2024). This mechanism is evidenced by event-related potentials (ERPs),
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such as N2, which reflects conflict monitoring, and P3, associated with attentional
regulation and the suppression of inappropriate impulses (Yu, Abdullah & Manso, 2024;
Mendes et al., 2024). Meanwhile, cognitive flexibility involves oscillations in the theta
frequency range in the medial frontal region, linked to the reconfiguration of cognitive
strategies and adaptation to new environmental demands (Cao et al., 2023; Tan et al., 2024;
Charlebois-Poirier et al., 2025).

These electrophysiological patterns provide a neurobiological model for
understanding how the brain processes information and adjusts its activity to optimize
cognitive performance (Vidaurre, 2024). The relationship between executive functions
and cortical activity underscores the importance of interventions that can modulate these
neural circuits (Bombonato et al., 2024; Tian et al., 2025). Studies indicate that training
programs targeting working memory, inhibitory control, and cognitive flexibility can
induce neuroplastic changes, leading to greater cognitive efficiency and enhanced neural
functionality (Nguyen, Murphy & Andrews, 2019; Whybird et al., 2021; Lesser, Webberé&
Miglioretti, 2024). Specifically, interventions that stimulate theta activity in the prefrontal
and parietal cortex have been associated with improvements in working memory
performance, while training focused on inhibitory control regulation has demonstrated
increases in beta activity in the frontal region, indicating greater self-regulation capacity
and cognitive adaptability (Li et al., 2023; Wu, Wu & Liu, 2024; Tan et al., 2024).

Thus, understanding cortical electrical activity patterns related to executive
functions not only enhances knowledge about the neural mechanisms underlying
cognitive processing but also supports the development of evidence-based educational
strategies (Eng et al., 2022). Interventions that consider cortical activity modulation may
represent effective approaches for optimizing cognitive performance in school settings,
promoting more efficient development of executive and academic skills in students
(Pedroso et al., 2021; Lo et al., 2024).

2.3 Neuropsychopedagogical Intervention and Executive Functions

Recognizing the relevance of executive functions (EFs) for cognitive and academic
development, various strategies have been proposed to enhance these skills in
educational settings (Perpifa Marti et al., 2023). Among these strategies, executive
function training programs and neuropsychopedagogical interventions (NPpl) stand out,
aiming to strengthen abilities such as working memory, inhibitory control, and cognitive
flexibility, thereby promoting greater self-regulation and efficiency in information
processing (Simao, Corréa & Ferrandini, 2020; Dos Anjos et al., 2024).

The Neuropsychopedagogical Intervention (NPpl) represents a structured and
systematic approach to executive function training within the school environment. By
integrating principles from neuroscience, psychology, and pedagogy, this approach
ensures that the development of executive functions (EFs) occurs in a contextualized
manner, respecting both the academic and individual needs of students (Loureiro,
Novaes & Cardoso, 2024).
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Research on NPpl has shown that its effects extend beyond the enhancement of
basic executive functions, leading to significant transfers to more complex skills, such as
academic performance (Cardoso et al., 2021; Loureiro & Cardoso, 2022; Grehs et al., 2024).
Studies indicate that students participating in systematized NPpl programs show
improvements in reading comprehension, mathematical problem-solving, and cognitive
organization, suggesting that this approach can positively impact learning and cognitive
development in school settings ( Loureiro, Souza, & Cardoso, 2022).

These interventions are applied directly within the school environment, allowing
students to train cognitive skills in real learning contexts, where they face concrete
challenges that require the practical application of executive functions (Cardoso et al.,
2024). This real-world engagement facilitates the generalization of gains to various daily
academic tasks, making the benefits of intervention more sustainable and functional
(Cardoso et al. 2023). Additionally, NPpl is grounded in an integrated approach based on
the triad of body, movement, and cognition, recognizing that executive function
development occurs through the dynamic interaction between mental activity,
sensorimotor experiences, and physical engagement (Cardoso et al., 2025). This
perspective highlights the importance of methodologies that integrate cognitive and
motor stimuli within the educational context, fostering not only academic learning but
also emotional regulation and the development of socio-adaptive skills in students
(Diamond et al., 2019; Pradeep et al., 2024).

In this context, strategies that incorporate playful elements have emerged as
effective approaches for the development of executive functions in school settings (Souza
et al., 2024). The Rubik’s Cube, for instance, has gained prominence as a promising tool
within NPpl interventions, as it integrates cognition, movement, and problem-solving in
an engaging way. Its manipulation requires planning, working memory, inhibitory
control, and cognitive flexibility while simultaneously maintaining student engagement
through challenge and playfulness. Thus, using the Rubik’s Cube as a cognitive
stimulation strategy aligns with NPpl principles by offering an interactive and
meaningful learning experience, fostering the enhancement of executive functions in real
educational contexts (Campelo et al., 2024).

3. Material and Methods

3.1 Research Ethics

This study was approved by the Human Research Ethics Committee (2,625,379), under
substantiated opinion no. 517,483; Prior to the start of the study, a Technical-Scientific
Cooperation Agreement was signed between the Brusque Municipal Department of
Education (SMED) and the CENSUPEG College, for the mutual development of research
activities.
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3.2 Study Universe
The universe of this study initially consisted of 20 children of both sexes aged between 7
and 9 years old, students from the municipal education network in the city of
Brusque/SC.

The inclusion and exclusion criteria for selecting the respective children were:

e Present indications of proficient or non-proficient academic performance, proven
by legal documents issued by the pedagogical team of the school in which they
were enrolled;

e Have an estimated IQ (Wechsler Intelligence Scale for Children - WISC-IV) above
80;

¢ Do not use psychoactive medications.

e Do not present significant symptoms of inattention, hyperactivity or impulsivity
through the SNAP-IV assessment, proposed by Mattos and collaborators (2006);

e Do not present visual or hearing disorders, heart disease, orthopedic dysfunction
or behavioral disorders (according to medical assessment throughout the study)
Participants were divided into two groups in a random and random manner

(casual/like a draw), using the software K_o_n_k_u_r_i_© for this purpose, as follows:
Control Group (CG) — Composed of 10 children of both sexes who did not perform the
Neuropsychopedagogical Intervention (NPpl), Experimental Group (EG) — Composed of
10 children of both sexes who performed the NPpl.

3.3 Intervention Procedures

The Neuropsychopedagogical Intervention with the Magic Cube was structured into 12
sessions of 15 minutes each, conducted by the classroom teacher, who was previously
trained by the research team to apply the activity in a standardized manner. The sessions
took place in the regular classroom environment, ensuring that students remained
familiar with their learning context.

The teacher’s training included detailed instructions on the intervention
methodology, covering the introduction to the cube, an explanation of the solving
algorithms, and guidance on conducting activities with the students. During the sessions,
the teacher followed a predefined protocol, starting with the presentation of the cube’s
parts, its movements, and the logic behind the layer-by-layer solving method. Each
session followed a structured sequence:

a) Introduction and Review - Recap of previously covered concepts and
reinforcement of already taught movements and algorithms;

b) Guided Demonstration — A detailed explanation of the specific step to be worked
on, accompanied by a practical demonstration by the teacher;

c) Supervised Practice — Students manipulated the cube following the instructions in
the manual, under the teacher’s supervision. The teacher intervened when
necessary to ensure the correct application of the algorithms;
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d) Closure and Adjustments — Review of common mistakes and guidance on the next
steps.

Throughout the sessions, the students' progress was closely monitored by the
teacher, who recorded observations regarding movement execution, adherence to the
manual’s instructions, and the need for additional support. The main focus of the
intervention was the accurate application of algorithms, ensuring that students followed
the logical steps of the cube-solving process without skipping any stage.

At the beginning of each new session, the teacher briefly reviewed previous
content to reinforce concept retention and ensure a gradual progression in the students’
learning process. The introduction of the cube’s layers followed a sequential approach,
respecting the students’ assimilation time. Initially, students were guided through
tamiliarization with the cube’s pieces and the solving of the first layer. Subsequently, they
progressed to the next layers, with a continuous emphasis on patience and careful
observation of the movements.

3.4 Assessment Procedures Post-Neuropsychopedagogical Intervention

The Rapid Automatized Naming (RAN) test is a continuous measure of sequential
naming speed for common stimuli, specifically assessing how quickly an individual can
verbally identify a series of basic symbols. The test consists of subtests for naming colors,
digits, letters, and objects. In the present study, only the color-naming subtest was used
(Peng et al., 2017). This subtest included the colors green, red, yellow, black, and blue,
presented in a randomized sequence. Before testing, it was ensured that each participant
could correctly recognize all the colors used in the assessment. The evaluation took place
in a quiet, well-lit room within the school environment, where participants sat
comfortably with their feet flat on the floor; if necessary, a footrest was provided for
additional support. Participants were instructed to name the colors as quickly and
accurately as possible while being allowed to point at the colors, ensuring they did not
remove the test sheet from the table.

Simultaneously, electroencephalographic (EEG) signals were recorded
throughout the execution of the RAN task to analyze brain activity patterns associated
with cognitive processing (figure la). EEG data were collected using 19 electrodes
positioned according to the international 10/20 system (FP1, FP2, F7, F8, F3, F4, T3, T4,
C3, C4, T5, T6, P3, P4, O1, O2, FZ, CZ, and PZ). The Theta/Alpha Ratio (TAR) was
computed using fixed frequency bands (4-7.5 Hz for theta, 8-12 Hz for alpha, and 13.5-
25 Hz for beta).

For Theta/Alpha Ratio (TAR) analysis, EEG signals were extracted from electrodes
PZ, P3, and P4 (Figure 1b), which correspond to a central region for visuomotor
integration and cognitive processing. The analyzed EEG segment specifically
corresponded to the naming period between the 16th and 30th circles, ensuring that the
extracted spectral power patterns reflected active cognitive processing during the task
execution.
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This methodological approach allowed for the simultaneous assessment of
naming speed and neural efficiency, providing a more comprehensive understanding of
the cognitive mechanisms underlying executive function improvements post-
neuropsychopedagogical intervention.

Figure 1: Experimental Procedure and Electrode Positions

a) Illustration of the experimental procedure, where the participant performs the Rapid Automatized
Naming (RAN) task while EEG data is recorded; b) Diagram of the electrode positions used for EEG
recording, following the international 10/20 system, with emphasis on the parietal electrodes (P3, PZ, P4)
used for the Theta/Alpha Ratio analysis.

4. Results and Discussion

The minimum and maximum performance times for the NPpI group ranged from 28.06
to 52.94 seconds, compared to the Control group, which ranged from 28.04 to 50.69
seconds. The NPpl group achieved a faster mean test time of 35.18 seconds, while the
Control group had a mean time of 40.19 seconds, demonstrating the NPpl group's
superior ability to name the stimuli more quickly. Variability in performance, as
measured by the standard deviation, was slightly higher in the NPpl group (6.823
seconds) compared to the Control group (6.034 seconds).

When evaluating the coefficient of variation, which reflects the relative dispersion
of times as a percentage of the mean, the NPpl group showed a value of 19.40%, while
the Control group presented a lower value of 15.01%, indicating greater individual
variability within the NPpI group despite their better mean performance.

In summary, participants in the NPplI group were consistently faster on the Rapid
Automatized Naming task compared to those in the Control group. A statistical
comparison using the Mann-Whitney test confirmed a significant difference between the
groups (P = 0.0232), underscoring the superior performance of the NPpl group and
highlighting the effectiveness of the intervention (Figure 2a).

Still regarding performance in the RAN test, when analyzed in terms of the
number of errors (figure 2b) made during the task, the NPpI group had a minimum error
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count of 0 and a maximum of 3, while the Control group ranged from 1 to 4 errors,
indicating that the NPpl group exhibited a smaller range of errors. The mean number of
errors in the NPpl group was 1.30, compared to 2.40 in the Control group, showing that
participants in the NPplI group made fewer errors than those in the Control group. The
standard deviation, reflecting data variation relative to the mean, was 0.9487 in the NPpl
group and 1.075 in the Control group, indicating slightly greater dispersion in the Control
group's data. The coefficient of variation, which expresses relative dispersion as a
percentage, was 72.98% in the NPpl group and 44.79% in the Control group, showing
that, although the NPpI group had fewer errors on average, there was greater variability
among participants. A comparison between the two groups, conducted using the Mann-
Whitney statistical test, identified a significant difference (P = 0.0415). This result
demonstrates that the experimental group achieved superior performance in the test,
highlighting the positive effects of the applied NPpl intervention.

Figure 2: Performance of participants in the Rapid Automatized Naming test
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a) Task execution time, showing that the NPpl group had significantly shorter times (p < 0.05) compared
to the Control group. b) Number of errors made during the task, indicating that the NPpl group exhibited
a significantly lower number of errors (p < 0.05) compared to the Control group. The red line highlights the
statistical comparison between the groups. Data are expressed as mean and standard deviation.

Upon analyzing the data derived from the recording of cortical electrical patterns,
it is evident that, in the three electrodes located in the parietal region (PZ, P3, and P4),
the Theta/Alpha ratio values show marked differences between the NPpI and Control
groups during the Automated Naming Test, both in terms of amplitude (minimum and
maximum values) and mean values. In electrode PZ (Figure 3a), the NPpl group
registered values ranging from 1.030 (minimum) to 3.590 (maximum), with a mean of
1.884 and a standard deviation of 0.6878. In contrast, the Control group exhibited a range
from 1.690 to 4.260, with a mean of 2.735 and a standard deviation of 0.7750. This
difference in the mean represents an approximate increase of 45.2% (p < 0.01) in the
Control group relative to the NPpl group. Regarding electrode P3 (Figure 3b), the NPpl
group showed values between 1.140 (minimum) and 2.660 (maximum), with a mean of
1.686 and a standard deviation of 0.4435, while the Control group displayed values
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ranging from 1.420 to 4.440, reaching a mean of 2.949 and a standard deviation of 0.9185.
This discrepancy results in an approximate increase of 74.9% (p <0.01) in the mean value
of the Control group compared to the NPpl group. Finally, with regard to electrode P4
(Figure 3c), the NPpl group's records varied from 1.230 (minimum) to 2.190 (maximum),
with a mean of 1.620 and a standard deviation of 0.3199; in contrast, the Control group
presented a range from 1.660 to 4.090, with a mean of 3.126 and a standard deviation of
0.7675. In this case, the Control group's mean was approximately 93.0% (p < 0.01) higher
than that of the NPplI group.

Therefore, the analysis of the cortical electrical pattern recordings reveals that,
across all studied electrodes, the mean Theta/Alpha ratio values are significantly higher
in the Control group than in the NPpl group. This difference is observed not only in the
means but also in the amplitude of the minimum and maximum values recorded, which
may indicate important variations in cortical activity among the children during the test.
Moreover, it is noteworthy that the expected value for absolute power, measured in uV?,

typically ranges between 1 and 2 uV2.

Figure 3: Cortical Theta/Alpha Ratio Values in the
Parietal Region during the Rapid Automatized Naming test
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a) Electrode Pz — (NPpI group: 1.884 + 0.6878 - Control group: 2.735 + 0.7750); b) Electrode P3 — (NPpI group:
1.686 + 0.4435 - Control group: 2.949 + 0.9185) ; c) Electrode P4 — ( NPplI group: 1.620 + 0.3199 - Control
group: 3.126 + 0.7675). The red line in the figure indicates the statistical comparison between the groups

performed using the t-test.

The results obtained in the present study after the intervention with the Rubik’s Cube
(NPpI) demonstrated significant improvements in participants’ working memory, as
evidenced by enhanced performance in the Rapid Automatized Naming (RAN) task.
These findings suggest that NPpl, by stimulating executive functions, promoted an
increase in the ability to maintain and manipulate information. This pattern of results
aligns with previous studies that observed improvements in working memory following
cognitive training interventions (Banales et al., 2015; Etherton et al., 2019; Peng et al., 2017;
Gashaj et al., 2021).

It is important to highlight that studies have shown that executive function
training through the use of the Rubik’s Cube can lead to significant improvements in
cognitive skills, such as inhibitory control, working memory, and cognitive flexibility.
For instance, research conducted by Campello (2023), Montuori et al. (2023), and Singh et
al. (2024) demonstrated that individuals who underwent training programs with the
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Rubik’s Cube exhibited notable gains in executive function efficiency, reflected in faster
response times and fewer errors in standardized cognitive tasks.

Additionally, the improvements observed in the NPpl group were not limited to
processing speed but also extended to task execution accuracy. The reduction in the
number of errors, although accompanied by greater relative variability among
participants, indicates that the intervention may be modulating not only speed but also
the cognitive strategies used during the execution of challenging tasks (Vita-Barrull et al.,
2023). This reduction in errors is particularly relevant, as it suggests that Rubik’s Cube
training may contribute to better cognitive resource management and optimization of
attentional processes, reducing the likelihood of distractions and processing lapses
(Commodari et al., 2024; Rosen et al., 2025; Traff et al., 2025).

Thus, our results reinforce the effectiveness of Rubik’s Cube training as a strategy
for enhancing executive functions (Singh et al., 2024). They not only support the existing
literature but also expand the understanding of the mechanisms by which interventions
based on playful and challenging activities can positively impact cognitive performance
(Cardoso et al., 2024, 2025). These findings suggest that such interventions may be
particularly useful in educational and clinical settings, paving the way for future research
exploring the wunderlying neurobiological mechanisms and potential practical
applications of Rubik’s Cube training in diverse populations (Campello, 2023; Campello
et al., 2024).

Beyond the behavioral gains evidenced by faster response times and fewer errors
in the Rapid Automatized Naming (RAN) task, our findings point to significant changes
in cortical electrical patterns, particularly in the parietal region, which corroborate and
deepen the understanding of the mechanisms underlying the executive function
improvements induced by Rubik’s Cube training (Rasmussen et al., 2024; Saricaoglu et
al., 2025).

Specifically, electrophysiological recordings demonstrated that the Theta/Alpha
ratio values in electrodes located in the parietal region (PZ, P3, and P4) were significantly
lower in the intervention group (NPpl) compared to the control group. This reduction in
the Theta/Alpha ratio can be interpreted as a sign of greater neural efficiency, as a
decrease in theta activity relative to alpha activity has been associated with more
optimized cognitive processing states and reduced cognitive effort during task execution
(Trammell et al., 2017; Cai et al., 2021, Magosso & Borra, 2024). A Theta/Alpha ratio
between 1 and 2 uV?2 has been associated with more efficient information integration and
superior performance in tasks requiring sustained attention and working memory,
fundamental skills for problem-solving and decision-making (Liu et al., 2016; Cellier et
al., 2021; Hofstee et al., 2024).

The literature suggests that executive function training, especially through
activities that combine cognitive challenges with playful aspects—such as solving the
Rubik’s Cube —can induce neuroplastic processes that lead to adjustments in functional
connectivity and neural organization (Enns et al., 2024). These processes, which include
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synaptic remodeling and neural circuit optimization, may result in a reorganization of
cortical activity, particularly in parietal and prefrontal regions, which are closely
involved in the processing and mental manipulation of information required in working
memory tasks, such as the rapid automatized naming task (Cona et al., 2024; Hartmann
& Dumureau, 2024; Otstavnov et al., 2024). Thus, the observed modulation of the
Theta/Alpha ratio may reflect a functional reconfiguration that fosters a more adaptive
and efficient brain state, enabling faster and more precise cognitive processing (Frelih et
al., 2024; Wei et al., 2024; Tan et al., 2024).

Moreover, the interaction between attentional processes and sensorimotor
integration, mediated by parietal areas, is essential for performing tasks that require
rapid adaptation and response (Bai et al., 2021; Wei et al., 2024; Fornia et al., 2024). The
Rubik’s Cube intervention, by requiring coordinated movements, problem-solving, and
constant strategy updates, appears to enhance this interaction, facilitating the functional
reorganization of neural networks (Maurer & Roebers, 2021; Chanpirom et al., 2021;
Khatib et al., 2022; Meijer et al., 2025). This hypothesis is supported by studies that
reported improvements in connectivity between the prefrontal cortex and parietal
regions following intensive cognitive training, indicating that such interventions may
promote better communication between areas responsible for task execution and
monitoring (van Balkom et al., 2020; Lee et al., 2022; Schwarze et al., 2023; Badia-Aguaron
et al., 2024).

By connecting behavioral data with changes in cortical electrical patterns, our
study not only reinforces the effectiveness of Rubik’s Cube training in enhancing
executive functions but also highlights its ability to induce measurable changes in brain
activity. These findings suggest that such interventions may be particularly beneficial in
contexts where optimizing cognitive processes is desired, such as in educational and
clinical settings, and encourage the investigation of innovative strategies for cognitive
training (Cardoso et al., 2024, 2025; Rivella et al., 2024).

Finally, the robustness of the results, evidenced by both behavioral indicators and
electrophysiological parameters, supports the hypothesis that executive function training
can generate significant neuroplastic effects. These effects not only enhance neural
processing efficiency but also promote greater cognitive resilience and adaptability,
fundamental aspects for performing complex tasks and developing skills that extend
beyond the specific training context. Such evidence opens pathways for future
investigations exploring, in greater depth, the underlying neurobiological mechanisms
and the clinical applicability of interventions based on playful and cognitively
demanding activities.

5. Recommendations

This study highlights the potential of the Neuropsychopedagogical Intervention (NPpI)
using the Rubik’s Cube to enhance executive functions and improve neural efficiency.
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However, certain limitations should be addressed in future research. One of the primary
limitations is the small sample size (n = 20), which reduces the generalizability of the
tindings. It is recommended that future studies include larger and more diverse samples
to validate the results and better understand the intervention’s impact across broader
populations.

Additionally, the intervention duration in this study was limited to 12 sessions of
15 minutes each. While significant improvements were observed, extending the
intervention period may further enhance the cognitive and neural benefits of NPpl.
Longer-term studies are needed to assess the sustainability of these improvements and
to determine whether prolonged exposure to the intervention results in greater and more
robust effects.

Moreover, future research should consider expanding the scope to include
populations with specific learning or attention difficulties to explore the applicability of
NPpl contexts. Incorporating advanced neuroimaging techniques to investigate the
underlying neuroplastic mechanisms would provide deeper insights into the processes
driving these improvements.

Finally, given the intervention’s accessibility and low cost, its integration into
educational and clinical programs holds promise as a practical tool for enhancing
cognitive development. Researchers should explore how the Rubik’s Cube intervention
can be scaled and adapted for different contexts to maximize its potential benefits.

6. Conclusion

The results of this study demonstrate the effectiveness of the Neuropsychopedagogical
Intervention (NPpl) using the Rubik’s Cube in enhancing executive functions and neural
efficiency in children aged 7 to 9 years. Participants who underwent the intervention
exhibited significant improvements in performance on the Rapid Automatized Naming
(RAN) task, with faster response times and fewer errors compared to the control group.
Additionally, lower Theta/Alpha ratios in the parietal region were observed in the NPpI
group, indicating optimized neural activity and greater cognitive efficiency during task
execution.

These findings align with previous research suggesting that structured and
playful cognitive interventions can induce meaningful neuroplastic changes,
contributing to improvements in working memory, inhibitory control, and cognitive
flexibility. The Rubik’s Cube intervention has proven to be a practical, low-cost tool for
fostering cognitive development, making it a promising strategy for educational and
clinical applications.

Despite these encouraging results, the study’s limitations, including a small
sample size and a relatively short intervention duration, highlight the need for further
research. Future studies should explore the long-term effects of the intervention, include
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larger and more diverse populations, and investigate the underlying neurobiological
mechanisms using advanced methodologies.

In conclusion, the NPpl demonstrates significant potential as a tool for cognitive
enhancement, offering a scalable and accessible approach to improving executive
functions in children. Its integration into educational programs could have broad
implications for fostering cognitive resilience, adaptability, and overall academic success.
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