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Abstract: Cognitive stimulation during the first years of school is key to the comprehensive
development of children, as it impacts functions such as attention, memory, and intelli-
gence, and contributes to their academic performance and social adaptation. The present
study aims to evaluate how the use of the abacus and physical exercise improve cognitive
skills in children in the second year of primary school. This study is a randomized clinical
trial with a total of 82 children, of which 58.50% were boys and 41.50% girls in the first cycle
of primary education, divided into an experimental group that carried out a combined pro-
gram of training with abacus and physical exercise and a control group. Selective attention
and concentration were measured with the D2 test, memory with the Spanish adaptation
of the Reynolds Intelligence Scale, differential perception with the Differential Perception
Test (CARA-R), and general intelligence with the Raven Progressive Matrices Test. The
intervention showed statistically significant improvements in attention (Cohen’s d = 0.55),
concentration (Cohen’s d = 0.04), memory (Cohen’s d = 0.53), differential perception (Co-
hen’s d = 0.77), impulsivity control (Cohen’s d = 0.90), and general intelligence (Cohen’s
d = 0.43) within the experimental group, as well as significant differences between the
training and control groups in post-intervention assessments. The combination of physical
exercise and abacus training effectively improves children’s cognitive development.

Keywords: cognition; education; mathematical; children; motor games

1. Introduction
Cognitive stimulation in the early years of schooling is a critical factor in the compre-

hensive development of children, impacting their ability to learn and adapt to academic
and social environments. During this period, cognitive functions, such as attention, con-
centration, memory, differential perception, and intelligence, are in a phase of growth and
plasticity, which allows appropriate interventions to generate positive long-term effects
(Harvey, 2019). Current literature has widely explored the role of different tools and
methodologies in children’s cognitive stimulation, especially highlighting the use of the
abacus and physical exercise as effective and accessible practices (Lima-Silva et al., 2021;
Peng & Rogier, 2020). These practices not only support the development of academic skills
but also promote neuroplasticity and the development of executive functions, fundamental
aspects for students’ academic performance and mental well-being.
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The abacus, an ancient calculation tool, has been shown to be effective in stimulating
mathematical skills in children, as it offers a sensory learning experience that connects
abstract calculation with visual and motor processing (C. Wang et al., 2017). This type of
multisensory learning can significantly improve children’s ability to perform mental calcu-
lations and develop spatial and concentration skills (Frank & Barner, 2012). Some studies
have revealed that the constant use of the abacus strengthens areas of the brain related
to numerical processing and working memory, which has a positive impact on students’
ability to solve complex problems and carry out tasks that require sustained concentration
(Dong et al., 2016). Furthermore, it has been suggested that children who practice using
the abacus develop greater creativity and cognitive flexibility when faced with calculation
situations that stimulate alternative thinking and problem solving (C. Wang, 2020).

In parallel, scientific evidence supports the role of physical exercise in strengthening
cognitive skills in children. Regular physical activity has been linked to improvements
in executive function, attention, and memory due to its influence on neuroplasticity and
neurogenesis (Best, 2010). Physical exercise contributes to better cerebral blood flow and
to an increase in neurotrophic factors, which are essential for the growth and survival of
neuronal cells, thus facilitating learning processes (Ratey & Loehr, 2011). Longitudinal
studies have shown that children who participate in structured physical activities present
superior performance in cognitive tasks that require concentration and working mem-
ory, skills that are particularly important in the school context (Ruhland & Lange, 2021;
Diamond & Ling, 2016). Furthermore, physical activity has been associated with increased
creativity and cognitive flexibility, key skills in problem solving and adapting to new
challenges (Rominger et al., 2022).

The synergy between the use of the abacus and physical exercise as cognitive stimula-
tion strategies is an area of growing interest in the field of education and developmental
psychology. Both approaches offer benefits that, when combined, can enhance the effects
on cognitive functions, providing a stronger foundation for learning in children in the
first cycle of school (Y. Wang et al., 2019; Chen et al., 2011). Since the abacus focuses on
specific calculation skills and mental processes and physical exercise improves executive
function and general attention, the integration of both practices can provide a comprehen-
sive framework for early cognitive development. This combination allows students to not
only improve in specific academic areas but also develop fundamental skills for general
learning and socio-emotional development (Li et al., 2016).

Attention and concentration are fundamental cognitive skills for effective learning,
as they allow children to focus their minds on specific tasks, avoiding distractions and
facilitating the acquisition of new knowledge. These processes are crucial in the context
of primary education, where students must manage multiple stimuli and activities at the
same time. The ability to maintain sustained attention and concentrate on a task improves
content comprehension, problem solving, and overall academic performance (Huang et al.,
2023). Furthermore, research has shown that the proper development of these skills favors
self-regulation, allowing children to control their impulses and remain focused for long
periods, which positively impacts their academic performance (Cuartas et al., 2022).

Memory, on the other hand, is essential for the acquisition and retention of information
throughout the learning process. An efficient memory allows children to store and retrieve
previously acquired knowledge, facilitating the integration of new ideas and the resolution
of complex problems. During the first years of schooling, short- and long-term memory play
a crucial role in the retention of key content, such as facts, vocabulary and mathematical
concepts, which are necessary to develop more advanced skills in the future (Davidson
et al., 2023). In addition, it has been proven that strengthening working memory, which
allows information to be maintained and manipulated temporarily, has a direct impact on
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general academic performance and the ability of students to apply what they have learned
in diverse contexts (Bergman Nutley & Söderqvist, 2017).

Differential perception, or the ability to distinguish between different sensory stimuli,
is fundamental to children’s cognitive development. This skill allows students to improve
their selective attention capacity and their accuracy in processing visual and auditory
information. Differential perception is benefited by activities that stimulate the distinction
of patterns, colors, and sounds, promoting greater precision in the interpretation of stimuli
and improving performance in specific academic activities. Studies have shown that
adequate development of differential perception is associated with improved reading and
processing of mathematical operations, since children are able to better process symbols
and spatial relationships (Anderson & Subrahmanyam, 2017; Föcker et al., 2022).

The concept of intelligence has been studied extensively in the educational context,
and is considered a set of cognitive skills that include problem solving, logical thinking, and
the ability to adapt to new contexts. According to recent research, intelligence in children
can be enhanced through early cognitive interventions that include both motor activities
and mental calculation exercises, since these practices promote neurogenesis and strengthen
neural connections in key brain regions for learning (Goldberg, 2022; Clemente-Suárez
et al., 2024). The development of intelligence in the early years of education is crucial, as it
establishes a solid foundation for the acquisition of more complex skills and encourages
cognitive flexibility and adaptability (Han et al., 2018).

In this context, the results of the present research have the potential to offer a novel
and accessible approach to cognitive stimulation in the classroom, providing evidence on
the benefits of integrating the abacus and physical exercise as complementary tools. Since
the development of cognitive skills in childhood is a key predictor of academic success and
psychological well-being in adult life, the identification of effective strategies in the early
school years is essential for the design of educational programs that foster comprehensive
and meaningful learning (Diamond, 2013). Based on this, the aim of the study is to evaluate
how the use of the abacus and physical exercise as cognitive stimulation strategies can
improve the cognitive abilities of second-year primary school children. In relation to this
objective, the hypothesis of the study is that the use of the abacus and physical exercise as
cognitive stimulation strategies can improve the cognitive skills of second-year primary
school children.

2. Materials and Methods
2.1. Design Study

This study is a randomized controlled trial to investigate the effects of a combined
abacus training and physical exercise program on the physical development of children
in the first cycle of primary education. All participants’ legal guardians signed informed
consent prior to the start of the study, which was approved by the Ethics Committee of
the University of the Middle Atlantic (CEI/01-013) and was carried out following the
Declaration of Helsinki, good clinical practices, and all applicable laws and regulations.

2.2. Participants

Initially, 87 children in the first cycle of Primary Education were contacted, of whom
83 expressed their interest in participating and met the established criteria. The inclusion
requirements were as follows: (i) school-aged children in the first cycle of Primary Educa-
tion; (ii) students able to perform moderate physical activity without medical restrictions
and who could handle the abacus; (iii) voluntary participation, with informed consent
signed by parents or guardians. Exclusion criteria included the following: (i) children with
health problems that prevented them from safely performing physical activity or using the
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abacus (for example, heart disease, severe respiratory problems, or motor disabilities that
made physical activity difficult); (ii) students with severe cognitive or learning disabilities
that significantly interfered with the use of the abacus or the possibility of benefiting from
the intervention; (iii) children participating in other extracurricular programs focused
on physical or cognitive training, in order to avoid interference from other interventions.
Finally, a total of 82 children from the first cycle of Primary Education with an average age
of 6.67 ± 1.02 years agreed to participate, of which 48 were boys (58.50%) and 34 were girls
(41.50%) (Figure 1).
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Figure 1. Flowchart of participants in this process.

2.3. Outcomes

Data were collected pre- and post-intervention by an independent researcher, i.e.,
not involved in the design or implementation of the intervention. Sociodemographic
information was collected from participants, including sex, age, waist circumference, hip
circumference, waist-to-hip ratio, height, weight, and body mass index (BMI). Height
was measured using an Asimed T201-T4 stadiometer (New Delhi, India), and weight was
recorded using a Tefal digital scale, accurate to 100 g up to 130 kg. From these data, BMI
was calculated using the standard formula (weight in kilograms divided by height in
meters squared).
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2.3.1. Selective Attention and Concentration

The D2 test, in its Spanish version (Seisdedos, 2012), assesses selective attention and
concentration in the school context. The participant’s task is to carefully check, starting
from left to right, what is written on each line and mark all the letters that have two small
lines (two lower, two upper, or one lower and one upper) with a “d”. These elements are
considered relevant. The other combinations (the “d” and the “p”, with and without lines)
are known as irrelevant, and should not be marked. The participant has 20 s for each line.
This test has demonstrated excellent reliability, with ranges between 0.90 and 0.97 for both
Cronbach’s α and the test–retest, and has also shown convergent and divergent validity
(Pawlowski, 2020).

2.3.2. Memory

To assess memory, a 1 min ad hoc test was used, based on the original ideas of
the memory test included in the Spanish adaptation of the Reynolds Intelligence Scale
[RIAS] (Santamaría-Fernández & Fernández-Pinto, 2013). A poster of 15 randomly selected
Spanish playing cards was projected for 20 s on a 3 × 2 m screen. Immediately afterwards,
participants had 40 s to record on a standardized sheet the greatest number of cards they
remembered. The total number of correct answers was counted (range 0–15). Before the
test, it was verified that all participants knew the structure and content of the 40 cards of
the Spanish deck. This memory test has also been previously used in other recent research
with a test–retest reliability (48 h, n = 21) of 0.919 (Ruiz-Ariza et al., 2018).

2.3.3. Difference Perception

The Differential Perception Test (CARA-R) (Thurstone & Yela, 2012) measures the abil-
ity to quickly and accurately appreciate differences and similarities in different sequential
stimulation patterns. This test assesses attentional and perceptual skills through 60 graphic
items composed of representative images of faces with basic features. The task carried out
in this test is based on seeing which of the three faces has a different characteristic. The
form of application can be individual or collective in a fairly short time, approximately
3 min. Through this test, we can obtain a measure of Differential Perception (PD) and,
additionally, we can calculate the Impulsiveness Control Index (ICI) manifested in the im-
pulsivity shown by the subjects during the task. This test has demonstrated high reliability
(Cronbach’s α = 0.91), as well as convergent and divergent validity in the normative data
sample (Ison & Carrada, 2012).

2.3.4. General Intelligence

To assess general intelligence, the Raven Progressive Matrices Test for children was
used. This test consists of a series of incomplete geometric patterns that participants
must complete by choosing the correct option from among several alternatives. The test
primarily measures analogical and abstract reasoning, providing an accurate assessment of
children’s general (non-verbal) intelligence, independent of linguistic or cultural influences.
Results are interpreted based on the total number of correct answers, with a range varying
according to the age group and educational level of participants. Before taking the test, all
children are ensured to understand the dynamics of the test by introductory training with
example exercises (Raven, 1957).

All questionnaires were given to participants before starting the intervention and after
the end of the treatment period.
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2.4. Intervention

Participants assigned to the experimental group engaged in a combined program that
incorporated the use of the abacus alongside physical exercises. This 12-week intervention
aimed to enhance both cognitive and physical abilities through twice-weekly, hour-long
sessions divided into three distinct phases: (i) Warm-Up Phase (5 Minutes): The sessions
began with a brief warm-up, featuring dynamic exercises to activate muscles and prepare
participants for physical activity. During this phase, children reviewed the correct tech-
niques for manipulating the abacus, focusing on specific finger movements: using the
thumb to lift the beads, the index finger to lower them, and exclusively manipulating the
top bead (representing five) with the index finger. Additionally, time was allocated to
revisiting the calculations practiced in the previous session, ensuring continuity in learning.
(ii) Main Phase (45 min): The central portion of each session integrated cognitive tasks
with physical activities, fostering both mental and motor skill development. A step-by-step
approach was adopted to teach abacus use: (a) Sessions 1–3: Introduction to the abacus,
explaining its parts and bead values, followed by hands-on practice with single-digit addi-
tion and subtraction without formulas; (b) Sessions 4–5: Introduction to mental calculations
for direct addition and subtraction, encouraging participants to visualize the abacus and
mentally manipulate the beads; (c) Sessions 6–7: Exploration of “number friends” (comple-
mentary numbers that sum to a target, e.g., 1 + 4 = 5) to handle situations with insufficient
beads for direct calculations; (d) Sessions 8–9: Application of “number friends” to subtrac-
tion scenarios with limited beads; (e) Sessions 10–11: Progression to two-digit addition
and subtraction, employing two rows of the abacus; and (f) Sessions 12–14: Mastery of
three-digit addition and subtraction using three rows. At the same time, physical exercises
included motor games designed to improve coordination, balance, and strength. Each
session included 2–3 motor games, ensuring variety and progression in difficulty. The
games were selected based on their ability to promote active and cooperative learning,
inspired by strategies used in playful teaching. Some of them were: (A) Coordination:
(i) “Crazy traffic light”: children run or stop depending on the color indicated by the
teacher, improving reaction speed; (ii) “Obstacle courses”: zigzag race between cones and
jumps between hoops, promoting agility; (iii) “Number relay race”: children take turns
running to a board where they must place a number to complete a mathematical operation;
(B) Balance: (i) “Acrobat path”: Walk on lines drawn on the ground or ropes placed on
the ground; (ii) “Mathematical statues”: upon hearing a number, children must remain
motionless in a specific posture; (iii) “Number jump”: jumps between numbered marks
on the floor according to the result of an operation with the abacus; and (C) Strength:
(i) “Cooperative pull”: resistance games with ropes or elastic bands in teams; (ii) “Push and
solve”: in pairs, children must gently push with the palms of their hands while mentally
solving an operation; (iii) “Mathematical load”: Carry small sandbags while solving a
simple calculation when reaching the goal. These games were conducted in a cooperative,
engaging environment and linked to abacus learning. After completing each physical
activity, children solved mathematical problems using the abacus, reinforcing both sets of
skills and promoting a holistic learning experience. (iv) Correction Phase (10 min): In the
final phase, exercises were reviewed to address any uncertainties and consolidate under-
standing. Group discussions were encouraged, allowing participants to reflect on their
progress, share experiences, and celebrate achievements. Consistent communication was
maintained with participants’ guardians to ensure adherence to the program’s activities,
thereby maintaining the intervention’s integrity.
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2.5. Procedure

To recruit participants, a school in eastern Andalusia was contacted. An initial meeting
was organized with the legal guardians of the students, during which detailed information
about the study was shared. Guardians were provided with both an information sheet
and informed consent forms. Once the consent forms were signed and eligibility criteria
verified, baseline data collection began. This involved administering all questionnaires
to participants prior to the start of the intervention and repeating the process after the
intervention concluded. Participants were then randomly assigned to one of two groups:
(i) Experimental Group (EG): This group participated in a combined program incorporating
abacus use and physical exercises, conducted in the school gymnasium during their Physical
Education class (from 12:00 to 12:45 p.m.). (ii) Control Group (CG): This group followed
their regular Physical Education curriculum without any additional program.

The group allocation process was blinded for participants, researchers, and teach-
ers. It was carried out in a 1:1 ratio, using a computer-generated random number table.
Assignments were determined using sealed, opaque, and numbered envelopes stored
in an unsecured location. These envelopes were opened by an independent third party
uninvolved in the study to ensure objectivity. The intervention sessions were delivered by
the students’ teachers, who were trained in the program methodology during a two-week
preparatory phase before the intervention commenced. Throughout the study, research
team members supervised the sessions to ensure adherence to the planned activities. To
monitor engagement and compliance, an attendance and observation log was maintained
for each session. Any participant who failed to attend at least 80% of the scheduled sessions
was excluded from the study, as insufficient attendance would jeopardize the reliability
and validity of the findings.

2.6. Statistical Analysis

Analysis of continuous and categorical variables based on study participation (CG
vs. EG) was performed using Student’s t test and χ2 test, respectively. Before proceeding
with the analysis, normality and homogeneity tests were performed (Kolmogorov–Smirnov
test and Levene’s test, respectively). To investigate the effects of the intervention, a mixed
analysis of variance (ANOVA) was carried out, considering the intervention (GE vs. CG) as
the between-group factor and the assessment time (pre- and post-treatment) as the within-
subject factor. Dependent variables included concentration, attention, memory, difference
perception, and general intelligence, and specific assessments were carried out for each of
them. Likewise, the possible interaction between treatment group and assessment time was
examined. Cohen’s d was used to calculate the effect size between groups, where values
of ≤0.2 indicated a small effect, 0.5 a moderate effect, and 0.8 a large effect. A threshold
for statistical significance was set at a p value less than 0.05. Data analysis was performed
using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA).

3. Results
The mean age of the participants was 6.67 ± 1.02 years, of which 58.50% were boys and

41.50% were girls (Table 1). Every participant enrolled in the study maintained attendance
above 80% of the scheduled sessions, ensuring their full participation and completion of
the intervention program. Significant differences between CG and EG were not found
in concentration, attention, memory, difference perception, or general intelligence in pre-
measurements (all p > 0.05).
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Table 1. Preintervention sociodemographic and clinical characteristics of the participants as a whole
and by group.

Total
(n = 82)

Experimental
(n = 41)

Control
(n = 41) p-Value

Age (months) 6.67 ± 1.02 6.68 ± 1.04 6.66 ± 1.01 0.848

Sex (%)
Boy 48 (58.50) 23 (47.90) 25 (52.10)

0.394Girl 34 (41.50) 18 (52.90) 16 (47.90)

School year (%) First course 39 (47.60) 19 (46.30) 20 (48.80)
0.697Second course 43 (52.40) 22 (53.70) 21 (51.20)

Weight (kg) 22.50 ± 4.23 22.63 ± 4.12 22.37 ± 4.38 0.705
Height (m) 1.20 ± 0.78 1.20 ± 0.07 1.21 ± 0.08 0.582
BMI (kg/m2) 22.50 ± 4.23 22.63 ± 4.12 22.37 ± 4.38 0.705

Mother’s employment situation (%) Works 51 (62.2) 24 (58.5) 27 (65.9)
0.194Does not work 31 (37.8) 17 (41.5) 14 (34.1)

Selective attention 65.02 ± 11.18 60.07 ± 11.08 69.98 ± 8.93 0.231
Concentration 60.35 ± 14.21 61.02 ± 13.48 59.68 ± 15.04 0.166
Memory 8.23 ± 4.18 8.80 ± 4.02 7.66 ± 4.31 0.664
Difference perception 4.45 ± 1.99 3.41 ± 1.92 5.49 ± 1.45 0.119
Impulsivity Control Index 3.88 ± 1.53 3.71 ± 1.52 4.05 ± 1.53 0.462
General intelligence 18.93 ± 5.12 19.98 ± 5.28 17.88 ± 4.79 0.516

Quantitative variables are presented as mean and standard deviation. Qualitative variables are presented as
frequency and percentage. BMI: Body Mass Index.

3.1. Selective Attention and Concentration

In the selective attention, statistically significant differences were observed between
pre and post measurements in the training group (t(40) = −8.169, p = 0.000, with a medium
Cohen’s d = 0.55), and statistically significant differences were found between both groups
in the post-intervention measurement (t(80) = −2.084, p = 0.040, with a small Cohen’s
d = 0.46). In the concentration, statistically significant differences were observed between
pre and post measurements in the training group (t(40) =2.358, p = 0.023, with an insignifi-
cant Cohen’s d = 0.04), and statistically significant differences were found between both
groups in the post-intervention measurement (t(80) = 4.273, p = 0.000, with a large Cohen’s
d = 0.94) (Figure 2) (Table 2).
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Table 2. Effects of physical exercise and the abacus on cognitive capacities.

EG (n = 41) CG (n = 41) Group Time Group × Time

Pre Post Pre Post F(80) p-Value η2 F(80) p-Value η2 F(80) p-Value η2

Concentration_D2 61.02 ± 13.48 68.17 ± 12.37 59.68 ± 15.04 60.85 ± 18.77 1.753 0.189 0.021 38.999 0.000 0.328 20.131 0.000 0.201

Selective attention_D2 60.07 ± 11.08 59.56 ± 11.78 69.98 ± 8.93 69.44 ± 8.97 20.068 0.000 0.201 1.022 0.315 0.013 22.001 0.031 0.198

Memory_RIAS 8.80 ± 4.02 10.93 ± 4.01 7.66 ± 4.31 7.71 ± 4.19 5.809 0.018 0.068 91.678 0.000 0.534 83.623 0.000 0.511

Difference perception 3.41 ± 1.92 4.66 ± 1.24 5.49 ± 1.45 5.29 1.40 21.170 0.000 0.209 10.149 0.002 0.114 19.296 0.000 0.194

Impulsivity Control Index 3.71 ± 1.52 5.00 ± 1.34 4.05 ± 1.53 4.37 ± 1.45 0.296 0.588 0.004 20.298 0.000 0.202 7.456 0.008 0.085

General intelligence 19.98 ± 5.28 22.15 ± 4.83 17.88 ± 4.79 16.39 ± 3.77 19.958 0.000 0.200 0.382 0.538 0.005 10.953 0.001 0.120

Quantitative variables are presented as mean and standard deviation. EG: experimental group. CG: control group.
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3.2. Memory

In the memory, statistically significant differences were observed between pre and post
measurements in the training group (t(40) = −11.443, p = 0.000, with a medium Cohen’s
d = 0.53), and statistically significant differences were found between both groups in the
post-intervention measurement (t(80) = −3.555, p = 0.001, with a medium Cohen’s d = 0.79)
(Figure 3) (Table 2).
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3.3. Difference Perception and Impulsivity

In the difference perception, statistically significant differences were observed between
pre and post measurements in the training group (t(40) = −4.607, p = 0.000, with a medium
Cohen’s d = 0.77), and statistically significant differences were found between both groups
in the post-intervention measurement (t(80) = 2.173, p = 0.033, with a small Cohen’s d = 0.48).
In the Impulsivity Control Index, statistically significant differences were observed between
pre and post measurements in the training group (t(40) = −12.892, p = 0.000, with a large
Cohen’s d = 0.90), and statistically significant differences were found between both groups
in the post-intervention measurement (t(80) = −2.059, p = 0.043, with a small Cohen’s
d = 0.45) (Figure 4) (Table 2).

Educ. Sci. 2025, 15, x FOR PEER REVIEW 10 of 16 
 

between both groups in the post-intervention measurement (t(80) = −2.059, p = 0.043, with 
a small Cohen’s d = 0.45) (Figure 4) (Table 2). 

 

Figure 4. Inter- and intragroup comparisons regarding difference perception and impulsivity con-
trol. * p < 0.05. ** p < 0.01. *** p < 0.001. 

3.4. General Intelligence 

In the general intelligence, statistically significant differences were observed between 
pre and post measurements in the training group (t(40) = −2.877, p = 0.006, with a small 
Cohen’s d = 0.43), and statistically significant differences were found between both groups 
in the post-intervention measurement (t(80) = −6.013, p = 0.000, with a large Cohen’s d = 
1.33) (Figure 5) (Table 2). 

 

Figure 4. Inter- and intragroup comparisons regarding difference perception and impulsivity control.
* p < 0.05. ** p < 0.01. *** p < 0.001.



Educ. Sci. 2025, 15, 335 11 of 15

3.4. General Intelligence

In the general intelligence, statistically significant differences were observed between
pre and post measurements in the training group (t(40) = −2.877, p = 0.006, with a small
Cohen’s d = 0.43), and statistically significant differences were found between both groups
in the post-intervention measurement (t(80) = −6.013, p = 0.000, with a large Cohen’s
d = 1.33) (Figure 5) (Table 2).
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4. Discussion
The aim of the present study was to analyse the effects of using the abacus and

physical exercise in improving cognitive skills in second-grade children. The results showed
significant improvements in attention, concentration, memory, differential perception,
impulsivity control, and general intelligence in the group that carried out the intervention.
The findings of this study underline the importance of combining physical exercise and
the use of the abacus as effective tools for cognitive development in childhood. The results
are in line with previous research highlighting the positive impact of these interventions
on key cognitive functions such as attention, concentration, memory, linguistic reasoning
speed, and mathematical calculation. These effects are best understood through a number
of neurophysiological and cognitive mechanisms described in the scientific literature
(Bherer et al., 2013; Mandolesi et al., 2018; Bidzan-Bluma & Lipowska, 2018).

Physical exercise has been shown to positively influence children’s attention and
concentration. Several studies highlight that exercise contributes to the regulation of
neurotransmitters such as dopamine and norepinephrine, both crucial for attention control
(Mahindru et al., 2023). In addition, it has been observed that exercise stimulates activity
in the prefrontal cortex, improving sustained attention and the ability to concentrate in
academic contexts (Best, 2010; Budde et al., 2008). This coincides with research reporting
that physically active children show better performance in attention and inhibitory control
tasks (Latino & Tafuri, 2023; Ruhland & Lange, 2021). In the long term, these benefits can
be maintained and prevent attention deficits in adolescence and adulthood, contributing to
better academic and professional performance (Hillman et al., 2008).

Memory is another variable significantly influenced by both physical exercise and
the use of the abacus. In the case of exercise, it has been proposed that the increase in
neurotrophic factors such as BDNF contributes to neurogenesis in the hippocampus, a
fundamental area for memory (Erickson et al., 2011; Voss et al., 2011). Research shows
that regular exercise in children and adolescents is associated with better performance in
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tests of working memory and spatial memory (Hillman et al., 2009; Khan & Hillman, 2014).
In the long term, these effects may translate into less memory loss in adulthood and a
reduced risk of neurodegenerative diseases (Schneider et al., 2020). On the other hand,
the abacus improves memory through its focus on mental visualization, which facilitates
the retention of information and the manipulation of numerical data (Kowatari et al.,
2009; Frank & Barner, 2012). This has been supported by studies indicating that abacus
training strengthens working memory by requiring mental representation of calculations
and operations (Y. Wang et al., 2019).

Regarding linguistic reasoning speed, physical exercise also plays a relevant role
by increasing neuronal processing speed, which facilitates fast and accurate reasoning
(Pesce, 2012; Chang et al., 2013). Physical activity not only improves linguistic processing
speed but also influences reading comprehension and verbal fluency, with possible vari-
ations depending on age or level of linguistic ability. In the long term, this can translate
into greater cognitive efficiency in solving complex problems and improved learning in
adulthood (Hillman et al., 2020). Although the abacus is more directly related to mathemat-
ical skills, its frequent use seems to have positive effects on other cognitive areas, such as
general reasoning, by training mental processing speed (Barner et al., 2016). Furthermore,
mental calculation training not only strengthens the speed of verbal decision-making, but
can also contribute to the development of more efficient cognitive strategies. This finding
is in line with studies indicating that training in calculation skills can be transferred to
other cognitive functions (Takeuchi et al., 2011), as can other types of cognitive training
that enhance language and verbal reasoning.

Differential perception also plays a crucial role in cognitive development. Physical
exercise not only improves functions related to memory and attention but also fosters
sensory perception and the ability to process external stimuli more efficiently. It has been
shown that the activation of brain areas related to perception, such as the sensory cortex, is
increased by physical activity, thus improving children’s ability to discriminate visual and
auditory stimuli more effectively (Best, 2010). This improvement in perception can have
direct implications for learning, especially in activities that require sensory discrimination
and rapid decision making.

As for general intelligence, both physical exercise and the use of the abacus have
been shown to contribute to the increase in general cognitive abilities. Exercise, by im-
proving cerebral circulation and neuronal plasticity, has a positive impact on high-level
cognitive functions, such as abstract reasoning and problem solving (Hillman et al., 2008).
Similarly, the use of the abacus not only improves mathematical skills but also enhances
the capacity for logical and abstract reasoning, central aspects of general intelligence
(Y. Wang et al., 2019). Longitudinal studies suggest that the development of these skills
in childhood is associated with greater academic and professional success in adulthood
(Diamond & Ling, 2016).

The results of this study have important practical implications. Implementing school-
based programs that combine physical exercise and cognitive training, such as the use
of abacus, could improve academic performance in key areas such as mathematics and
reading comprehension, while strengthening executive functions and attentional control
(Schmidt et al., 2020). This combination of interventions is especially useful for children
with attention problems and learning difficulties, who often benefit from improvements in
their cognitive ability and self-confidence when participating in these programs (Chaddock-
Heyman et al., 2014; Diamond & Lee, 2011). Furthermore, while previous studies have
indicated that factors such as socioeconomic status can influence children’s cognitive de-
velopment through access to educational resources, nutrition, and stress levels at home
(Cuartas et al., 2022), the present study focused on evaluating the direct effects of a spe-
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cific intervention in a controlled school setting. By randomly assigning participants, we
sought to minimize potential biases related to differences in socioeconomic context. How-
ever, future research could analyze how variables such as family environment or parents’
educational level can influence the effectiveness of this type of intervention.

This study presents some limitations that should be considered when interpreting the
results. First, the sample of participants was relatively small and homogeneous, which may
limit the generalizability of the findings. Future studies need to include larger and more
diverse samples to verify the validity of the results in different cultural and socioeconomic
contexts. Second, the intervention period was short, so it cannot be determined whether
the observed effects are maintained in the long term. Longitudinal studies could provide
information on the durability of the cognitive benefits associated with physical exercise
and abacus training. Finally, the study did not consider other variables that could influence
the results, such as family support, school environment, and individual differences in
emotional and motivational development, aspects that also affect cognitive performance
(Scionti et al., 2020).

5. Conclusions
Both physical exercise and the use of the abacus are effective interventions to promote

cognitive development in childhood. Evidence suggests that exercise improves the neu-
rophysiological basis necessary for learning, while the abacus enhances specific cognitive
skills, such as perception and reasoning. The joint implementation of both interventions
could be a valuable strategy to maximize cognitive development in children. However, ad-
ditional longitudinal studies are needed to assess the sustained effects of these interventions
over time and determine whether their benefits can be maintained in the long term.
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