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Abstract

Background: Comparing the impact of Physical Activity (PA) with Mental Training (MT) on school-
age children's attention level.
Methods: A randomized control trial study was conducted at a primary school in Jeddah, Saudi
Arabia. Sixty participants (aged 6-9 years) were divided into two intervention programs, with eight
sessions over four weeks. The PA program lasted for 40 minutes and included moderate-intensity
aerobic exercises, strengthening exercises, and balance. The MT program provided 3-4 exercises per
session that lasted 20-30 minutes. Flanker tests and questionnaires were used to assess attention.
Results: A significant difference was found in children's attention after the PA (p<0.001) and the MT
program (p<0.05). However, there were no significant differences in the number of errors or time
taken following the PA and MT programs (p>0.05). Also, a significant negative correlation was found
between number of errors and time taken in solving the flanker test, and with the age in the PA group
(r=-0.534, p=0.002; r=-0.605, p=<0.001) and in the MT group (r=-0.491, p=0.001; r=0.462, p=0.01).
Conclusion: Physical activity with mental training exercise improves children's attention level, sleep
quality, academic performance, and addiction to electronic devices after applying the intervention.
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Introduction
Nowadays, children spend a great deal of time engaging in
sedentary behavior. They spend more than half a day after
school in sedentary activities, such as watching television,
using computers or smartphones, and playing video games [1].
This sedentary lifestyle leads to them neglecting physical
activity, putting them at a high risk of weight gain, delayed
cognitive development, decreased academic performance, low
self-esteem, and further psychological problems [2].

The critical period of cognitive development is during
childhood. Cognitive functions are served by the Central
Nervous System (CNS), including processing speed, memory,
executive function, and attention [3]. Attention has been
defined as the ability to focus on a specific input for some time
without distraction by instantaneously suppressing irrelevant or
distracting information parks [4]. Many factors influence
attention, such as time spent watching screens and poor sleep
quality, which leads to deficits in cognitive performance [5,6].
For example, a study found that children who watch television
at  the   age   of  1-3   years  had  a  markedly  increased  risk of
attention problems at the age of seven [6].

Although it is evident that performing any Physical Activity
(PA) is beneficial to physical and mental health. The
relationship between PA and improving cognitive functions
requires further study [7]. Previous studies have examined the
relationship between exercising and cognitive function in
children [8]. Some have found a positive influence, particularly
on executive functions, which develop intensively in childhood
[9]. One study showed the positive impact of exercise-induced
increases in oxyhemoglobin levels, which enhance the
operation of executive functions [10]. However, the effects of
PA on cognitive processes remain unknown. Many mechanisms
have been proposed to explain how PA can help to improve
mental function in humans [11]. One possible explanation is
that aerobic exercise may increase physiological arousal in the
reticular activating system and ascending stimulation to the
prefrontal cortex, resulting in improved cognitive functions,
especially attention [12]. Another possibility is that as vigorous
PA arouses neurotransmitters, either epinephrine or dopamine,
this enhances the synthesis of catecholamines that, in turn,
enhances cognitive processing [13]. Finally, improved
cognitive function may result from the cardiovascular fitness
improvement that occurs through regular aerobic exercise, due
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to an increase in cerebral blood flow [14]. PA interventions
result in vascular changes, including increases in oxygen
saturation and increases cerebral blood flow that, in turn,
stimulate neurogenesis, which improves cognitive efficacy
[15].

Cognitive training by paper and pencil puzzles, digital games,
and the combination of stimulate memory, processing, and
attention, demonstrated by Electroencephalogram (EEG) and
Functional Magnetic Resonance Imaging (FMRI) [16].
Moreover, long-term training studies have shown that brain-
training games can develop executive function, working
memory, and processing speed. Besides, such games may
increase cognition by recruiting the prefrontal cortex to
complete the task, thus enhancing cerebral hemodynamics
[17].

This study aimed to investigate the impact of Physical Activity
(PA) and Mental Training (MT) programs on school-age
children's attention level and compare both training programs'
effects.

Methods

Study design
A randomized trial was conducted for four weeks, involving
PA or MT for two days per week. The participants screened at
the baseline for inclusion and exclusion criteria purposes.

Participants
This study was performed at Dar Al-Huda primary school in
Jeddah, Saudi Arabia. This school was chosen because it
includes both girls and boys. Sixty participants (34 boys and 26
girls, aged 6-9 years) volunteered to participate in this study.
They were divided between two intervention programs,
involving eight sessions delivered over four weeks for each
group. Thirty students from the first and second grades (girls),
and third grade (boys), were randomly allocated by the school
administrators to participate in recreational school activities.

On the other hand, first and second-grade students (boys) and
third grade (girls) were selected to participate in mental
activities at home. King Abdulaziz university’s Institutional
Review Board (IRB) approved this study. The research team
provided an explanation of the study to the participants and
their parents. Then, parents and their children provided written
informed consent and assent. The participants were chosen
according to the inclusion and exclusion criteria.

Inclusion criteria: Healthy children without any physical or
mental disability.

Exclusion criteria: Participants with cardiopulmonary
conditions such as asthma, or major musculoskeletal injuries
during the last six months, diabetes mellitus type 1 or 2,
uncorrected visual problems, or other health issues that would
interfere with the participants’ safety during exercise.

Outcome
For the PA group, we designed an exercise program using
different tools to be more attractive and challenging for
children, such as small balls, balloons, hula hoop rings,
obstacles, and ropes. We provided a booklet of mental
exercises for the MT group, using mental exercises from two
books, development of the intelligence of your child and the
big book of brain games [18]. Additionally, the children's
attention was measured using the Erikson flanker test with
added fish, developed by Erikson and Erikson in 1974 [19].

Study procedures
After parents provided consent, a questionnaire was distributed
on two occasions: at baseline before starting the exercise and
after the four weeks of intervention. The questionnaires
consisted of five sections. The first one, with three questions,
comprised general information such as gender, age, the child's
physical activity, and how often the child exercises. The
second, with 15 questions, focused on the child's attention,
with questions such as "Do they get distracted easily?" and
“Do they often lose their necessary objects (school tools,
books)?" The third had seven questions focusing on the quality
of sleep, such as “Does the child go to bed at the same time
every night?” and “Does the child wake up during sleep
(intermittent sleep)?”. The fourth had eight questions focused
on addiction to electronic devices, such as how many hours the
child spends on appliances a day and does the child prefers to
play on an electronic game (e.g., tablet) rather than playing
with his/her friends. The fifth had one question focused on
academic class participation, exam performance, and
concentration in class.

In the school's computer laboratory, the Flanker test with fish
was administered under the teachers' supervision to measure
the child's attention [19]. The test was performed twice before
doing the exercise, then after four weeks of training. Five
fishes were in the test, while the child had to focus on one fish
in the middle. The fish’s direction was either left or right and
the children had to press the keyboard selection button. Arrows
were drawn on the keyboard to be more evident for the
children. The other fishes were either looking in the same
direction (compatible) or the opposite direction (incompatible)
than the middle fish. The fishes’ direction was changed
whenever the child started a new test trial.

The PA training program was administered by two skilled
physiotherapists and one physical education teacher. The safety
of the children was caution by the trainers. The session lasted
40 minutes, including moderate-intensity aerobic exercises,
strengthening exercises, and balance. The range of intensity of
aerobic exercise was selected to be moderate as the optimal
results of cognitive functions occur at 60%-70% of the
maximum heart rate, i.e., at moderate intensity [20]. The first
five minutes comprised a warm-up, and the last five minutes
were a cool-down. The warm-up included a long stretch for leg
and arm muscles. The physical program exercises were
changed every day in terms of difficulty.
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The home MT program was supervised by the parent using the
instructions in the booklet. For example, parents were asked to
administer the exercises twice a week, ensure that the child
tries to find the solution on his or her own, and help only if
necessary. The provided booklet contained 16 pages divided
over eight days and three to four exercises per day. These
exercises varied in difficulty, from moderate to severe, and
each selected exercise tested the child’s attention level. The
session took about 20-30 minutes. The booklet included
exercises of varying difficulty, from moderate to severe. We
followed up with the mothers in a WhatsApp group weekly to
ensure that they were trained twice per week [21].

Statistical analysis
Data collected comprised of participants’ demographic
information, questionnaires, and the flanker test. Outcome
measures were coded, entered, and analyzed using Microsoft
Excel software. Data were then imported into the Statistical
Package for the Social Sciences (SPSS version 20.0) software
for analysis. The data showed a normal distribution, according
to the Shapiro–Wilk test. A result was considered statistically
significant when p was <0.05 [22].

Means ± SDs calculated, and a chi-square test (X2) and fisher's
exact tests were performed to test for differences and
associations among the questionnaires and flanker test
variables for age, weight, height, and gender. Differences
between PA and MT groups were examined by t-test or Mann
Whitney. A chi-square test was used to test the association

variables (questionnaires and flanker test) for categorical data
(age, weight, height, gender). A result was considered
statistically significant when p<0.05. Spearman’s correlation
coefficient evaluated the linear association between the two
quantitative variables of age and gender with PA and MT [23].

Results

Demographic data and clinical characteristics of the
children
The sample was divided into the PA (n=30) and MT (n=30)
groups, with no significant difference in age between the two
groups (p>0.05). PA group ages ranged from six to 9 years,
with a mean ± SD of 7.53 ± 0.86 years, while in the MT
activity group, ages also ranged from six to 9 years, with a
mean ± SD of 7.3 ± 0.75 years [24].

Concerning the gender distribution of the children, 18 (60%)
were boys, and 12 (40%) were girls in the PA group compared
to 16 (53.3%) boys and 14 (46.7%) girls in the MT activity
group, with no significant difference (p>0.05).

Effect of the physical activity program on children
Comparing the results of the flanker test score before and after
the PA training program, there was a significant reduction in
the number of errors (p=<0.001; Table 1). Also, there was a
significant reduction in the time taken (p=<0.001).

Physical activity program Pre Post Wilcoxon signed ranks test p

No. of error (Mean ± SD) 5.6 ± 8.9 1.7 ± 3.35 -3.526 0.000 (HS)

Range (0-41) (0-18)

No. of slow (Mean ± SD) 11.75 ± 1.7 9.3 ± 2.0 -3.582 0.000 (HS)

Range (0-23) (0-14)

Significant negative correlations were found between the 
number of errors and time taken, and the age of the PA group 
children (r=-0.534, p=0.002; r=-0.605, p<0.001) respectively. In 
comparing the PT and MT programs' results, no significant 
difference was found following the programs in either the 
number of errors or the time taken (p>0.05) (Table   ).

Effect of the MT program on children
Comparing the results of the flanker test scores before and after 
the MT program, a significant decrease was found in the 
number of errors (p<0.05). Also, there was a significant 
reduction in the time taken before and after the MT program 

Mental training Pre Post Wilcoxon signed ranks test P value

No. of error (Mean ± SD) 5.2 ± 6.36 2.7 ± 4.1 -2.721 0.01 (S)

Range (0-23) (0-15)

No. of slowness (Mean ± SD) 2.1 ± 3.4 1.1 ± 2.01 -2.395 0.01 (S)

Range (0-13) (0-9)

and the age of the children who received the MT (r=-0.491, 
p=0.001; r=-0.462, p=0.01, respectively).
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Table 1. Effect of the Physical Activity (PA) program on children before and after the intervention (flanker score). HS: Highly 

Table 2. Effect of the Mental Training (MT) program on children before and after the intervention (Flanker Score). S: Significant 

Significant negative correlations were found between the 
number of errors and the time taken in solving the flanker test,
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difference (i.e. p<0.05).
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 Also, there was no significant correlation between the two 
types of training programs, neither PA nor MT, and 
with the gender, PA (r=0.150, p=0.254), (r=0.263, p=0.160).

The sign test results used to analyze the questionnaire showed 
a significant improvement in attention from both training 
programs (p<0.01 in both cases). Moreover, there were 
significant improvements in the children's PA levels, how often 
they exercised per week, sleep quality, academic level, and 
addiction to electronic devices (p<0.01 in all cases). 
Additionally, as rated by their mothers, 53.3% of the children 
had positive changes, and 18.3% probably had positive 
changes after the programs.

Discussion
In the present study, we attempted to determine the cognitive 
effects of participating in PA or MT programs, specifically on 
selective attention.

In the PA training group, our present study demonstrated a 
reduction in errors and time taken on the flanker test. These 
findings matched with Hillman et al. who strongly 
recommended PA programs to enhance cognition and brain 
health status, especially in tasks that required executive control 
in preadolescent children of between 7-9 years [25].

Moreover, this current study demonstrated positive acute 
effects of moderate-intensity aerobic exercise on selective 
attention. These results in accordance with the findings of 
Chang et al. who investigated the acute effects of moderate-
intensity aerobic exercise on cognitive performance and 
demonstrated a dose-dependent effect [26].

The positive effect of the PA training program on errors and 
task time may be attributed to the application of the moderate-
intensity aerobic exercises [27]. Previous research found that 
moderate-intensity exercise improved hemodynamics by 
increasing the blood flow to the CNS, hence improving 
neurological functioning, specifically of the reticular activating 
system and the prefrontal cortex, which are responsible for 
arousal and attention.

Concerning the effect of regular anaerobic exercising through 
the PA training program, there was an improvement in physical 
fitness and maintenance of a healthy lifestyle that positively 
impacted neurocognitive function, cognitive ability, and 
academic achievement. 

These findings concur with those of de Greeff et al. who 
found acute PA improved attention, while longitudinal PA 
programs also positively affected executive functions, 
attention, and academic performance [28].

The present study demonstrated a strong effect of PA training 
programs on the children's academic performance in 
conforming to the study by Jiang et al. who confirmed the 
positive impact of neurocognitive training on children's 
academic performance with attention deficits [29]. Moreover, 
our findings concurred with those of Kvalø et al. who 
examined the relationship between aerobic fitness and

academic performance and documented the indirect effect of
executive function on the positive relationship between aerobic
fitness and mathematics achievement [30].

The findings supported the positive effect of PA training
programs on the children's academic performance, which was
in contrast to Donnelly et al. who suggested that PA training
and physical education had no effects on academic
achievement [31]. Our study showed positive effects of the MT
intervention on the errors and time taken, indicating
improvements in children's attention, which was supported by
Lutz et al. who found that MT could significantly affect
attention and brain function [32]. Moreover, a systematic
review has summarized the cognitive skills that improved after
mental training program through commercial or non-
commercial video games and mental training programs [30].
However, those video games were mostly adventure games,
which differ from the content of the Flanker test.

The Flanker score findings in the MT group, who showed
noticeable improvements in attention, were not in agreement
with those of a meta-analysis [33]. That studied the efficacy of
cognitive training programs in children and adolescents. This
meta-analysis showed that the overall effects of cognitive
training on attention and executive function were consistently
small, which could be due to the specific characteristics of the
training programs involved in some studies, such as duration
and intensity of the intervention program were varied. Besides,
participants were diagnosed with traumatic brain injury or
Attention Deficit Hyperactivity Disorder (ADHD), while in our
study, healthy children only enrolled. Moreover, another study
included in the meta-analysis showed limited statistical power
because of a lack of randomization; even on the secondary
outcome measures, some studies showed a positive, but not
effective in the control group [34].

After participants finished the PA training or the MT program,
the results revealed marked positive changes in many aspects:
PA level, sleep quality, academic level, and addiction to
electronic devices. The improvements in the quality of sleep, in
the form of adequate duration and less interruption, were
accompanied by positive attention function changes. These
results concur with those of Falck et al. who found that
sufficient sleep duration was correlated with good cognitive
performance, independently of PA training [35].

The effects of PA and MT on children's attention was almost
the same, with attention improving after both programs.
Similar findings on a previous study reported that anaerobic
exercise combined with gaming had significant positive
impacts on young adults' attention and cognitive performance
[36].

Additionally, in this study, positive relationships between age
and attention in PA and MT programs matched the findings of
Grammer et al. who examined age-related changes in error
processing in young children and reported that older children
showed faster and more accurate responses [37].

Concerning gender differences in cognitive control, our study
concluded there was no association between gender and
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attention improvements. These results concurred with those of
Torpey et al. who reported no evidence of gender differences in
error processing [37]. In contrast, Grammer et al. showed that
girls made fewer mistakes and showed elevated processing of
errors and correction amplitudes relative to boys. However,
there were an equal number of boys and girls in that study; the
greater number of boys in this study might be because boys’
parents were more interested in enrolling their children because
of perceived Executive Functioning (EF) deficits in male
children compared to females.

Conclusion
The current study companied Physical Activity (PA) with
Mental Training (MT) that had beneficial effects on school-age
children's attention levels. Engaging in physical activity was
noticed to improve attention level, sleep quality, academic
level, and addiction to electronic devices after the intervention
program.
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