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Abstract — Aim: The aim of the study was to analyze the impact of a based-team sports physical education class on
inhibitory control of elementary school children. Methods: Were selected 29 elementary school students (13 boys and
16 girls; 10.7 £ 0.7 years old; 43.2 £ 8.2 kg weight; 147 £ 5 cm height). Participants were submitted to a 50-minute
sports-based physical education class performed at moderate intensity. Inhibitory control was measured before and
immediately after the end of the physical education class by the Stroop Test. Results: Results indicate that the variables
derived from Stroop Test performance overall reaction time were significantly reduced after the physical education
class (p <0.05). Conclusion: These results suggest that a 50-minute sports-based physical education class performed at
moderate intensity elicited a significant improvement on the inhibitory control elementary school students.
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Introduction

Executive function (EF) includes the individual’s capacity to
identify and organize a purpose, create a strategy, evaluate
the plan, identify new approaches if necessary, and perform
the action'. Cognitive control is one of the EF components,
operating in two distinct functions: proactive control and reaction
control'2. Proactive control occurs before the stimuli action, being
instructed to plan the action before it occurs®. In contrast, reaction
control occurs in a way automatic and urgent, attending the aim
of stimuli*?. Thus, proactive control requires more cognitive
recourse (i.e. memory, attention, focus, inhibitory control) and
reaction control need to better responses of quick stimulus'~.

Inhibitory control (IC) and selective attention are two
components of EF*’. These domains enable the individual to
judge situations and make decisions in conflict situations**. IC
can be divided into two subclasses: control attention (involves
focus and selective attention) and cognitive inhibition (related to
the ability to inhibit and select specific thoughts and memories)>.
Therefore, in a school learning perspective, EF acts on cognitive
control as IC is important to a successful scholar performance
of children®.

In children, IC seems to be particularly important to school
performance, since it is the capacity to constrain prepotent
associations and/or previous and inappropriate ideas during
the performance of several tasks'”$. Moreover, IC deficiency
is considered a core factor in the aetiology of psychiatric
disorders more prevalent in children associated with poor school
performance, such as attention-deficit hyperactivity disorder

(ADHDY)’. Therefore, strategies to improve IC in children have
been the focus of several studies!™!2. For example, researches
demonstrate the beneficial effects of physical activity on cognitive
functioning'®'"-'*!4, Among children, recently published data has
shown that acute aecrobic exercise at moderate intensity (65-75%
heart rate [HR ... .]) improved IC measured immediately
following the exercise session'®.

Despite the importance of these researches, thus occurs in
a laboratory environment so we do not know whether the same
effect can occur in children’s daily life. Because children enjoy
playing games and sports, they may prefer recreational exercises
than vigorous or moderate regular exercise programs'®. Thus, as
physical education class (PEC) is present as an exercise program
in children’s daily life and no studies have been designed to
verify the effects of physical activity on EF in elementary school
children, the propose of this study was analyzed the influence
PEC on IC of elementary school children. We hypothesized that
a moderate intensity PEC could increase temporarily the IC of
elementary school children.

Materials and Methods

Participants

Twenty-nine (13 & and 16 Q, between 10 and 12 years
old) elementary school students (13 &, 10.7 + 0.7 years old,
43.2 £ 8.2kg, 147 =5 cm and 16 @, 10.3 + 0.8 years old,
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44.2 + 6.6 kg, 148 £ 4 cm) were selected from a private
elementary school to participate in the present study. The sample
size was determined using G-Power version 3.1. on the basis
of a significance level at 5%, a power > 0.8, an effect size
(ES) > 0of 0.6, and a loss of 20%.

Eligibility criteria for this study were based on the absence
of neither physical or intellectual disabilities, nor clinical,
neuromotor, physiological, neurological, psychiatric, and
cognitive impairments; have completed all experimental visits
and measurements. The parents or legal custodians provided a
written informed consent form. Students who were ineligible
for the study participated in the PEC. However, they did not
perform the Stroop Test. This study was approved by the
Research Ethics Committee of the Faculdades Integradas Teresa
D’Avila (#1.554.592) and was performed in accordance with the
Declaration of Helsinki and Resolution 196/96 of the National
Health Council.

Procedure

We requested to school’s management for a quiet room
that was used exclusively for anthropometric data collection,
explanation of the procedures and application of the Stroop
Test. Thus, in order to investigate the impact of a PEC on the

1° visit

27 visit

IC of elementary school children, participants were submitted
to four visits interspersed by seven days, in the same period of
the day. Visits were designed according to different aims: (a) In
visit one, participants and their parents were familiarized with
the researchers and signed the consent form; (b) in visit two,
students were submitted to assessment of body composition
and familiarized with the tools used in the present study (e.g.,
session rating of perceived exertion [SRPE] scale and Stroop
Test). Thus, participants were familiarized with the modified
Borg scale'¢ for children'” and the Stroop Test (see details
below; 10 stimuli); (¢) visit three was used as the control
session, thus students individually performed the Stroop Test.
Thereafter, they attended the PEC as configured in visit 4, thus
familiarizing them with the Stroop Test procedures, PEC and
SRPE session to be performed in visit 4. Importantly, only
outcomes derived from the Stroop Test performed before
the PEC were used in comparisons, thereby ensuring that
eventual PEC-derived cross effects were controlled; (d) during
the visit four, students performed the Stroop test before and
immediately after the class. The Stroop test was performed
on different visits (third and fourth) to avoid information bias.
To ensure that the PECes were similar regarding the required
physical effort, the SRPE was recorded and compared in both
visit three and four. Figure 1 shows the study design used in
the present study.
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Figure 1. Experimental design Measures.

Anthropometric measurements

A weight-stadiometer scale (Filizola®) was used to measure
body mass (kg) and height (cm). Body mass index (BMI) was
determined as the following:

BMI = (kg)
(height [cm])?
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Physical Education Classes

To provide adequate external validity, PEC was designed
to represent a moderate intensity effort, comprising contents
usually used in regular classes. As a warm-up, balls were made
available for the students so that they had to throw the ball to other
colleagues for 5 minutes. Then, they initiated the class performing
an obstacle course activity for ~15 minutes, as a preparation part of
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a basketball tournament to be performed at the end of the current
year. Thereafter, students played soccer while holding their hands
for ~15 minutes, so that they had to keep the ball within the field
game (they were continuously monitored in order to ensure constant
displacement). Finally, they played dodgeball for the following
10 minutes (placed in opposite fields, they had to throw the ball
towards the opponent so that students being touched by the ball
changed to the other field as a penalty). Finally, students gave a
walk around for the final 5 minutes as a cool-down. The classes
took place in the normal class schedule (late afternoon, 4-6 PM),
under the supervision of the charged teacher, with the temperature
at the school ranging between 24-26°C. The researchers remained
near to the teacher, performed the data collection in the scheduled
times, but without interfering directly in the class.

Stroop Test

The computerized version of the Stroop Test'® was used
(Inquisit®)"? in order to provide reaction time (total test time),
time of response to every stimulus (congruent, incongruent and
control), as well as successful and unsuccessful responses as
outcomes. The test combines four colors (i.e. black, blue, green
and red) with three different types of stimuli (i.e. congruent
[word meaning corresponds to word color], incongruent [word
meaning differs from word color] and control [indicate the color
of an untitled monochrome square]). Stimulus was shown on
a 15-inch monitor, and participants were required to press the
answer corresponding to the color of the word. For example, if
the word “red” was in “black”, the correct response was “black”.

Session Rating of Perceived Exertion (SRPE)

The rating of perceived exertion of PEC was quantified
after class by the SRPE method!**. The SRPE is strongly and
linearly associated with the physical effort performed during the
physical task and has been validated in the research literature®'.
Therefore, immediately after the end of the PEC (i.e., visits 3
and 4), participants were asked to indicating their SRPE on a
modified Borg scale!® for children'”.

Statistics

Data are presented as mean + standard deviation (SD).
Homoscedasticity and distribution were tested through the
Shapiro-Wilk’s test. Stroop Test outcomes (i.e., overall reaction
time, correct response, congruent, incongruent and control stimuli)
were analyzed through a 2 x 2 repeated-design ANOVA having
PEC (visit 3 vs visit 4) and moment (pre and post PEC) as fixed
factors, while participants were the random one. Importantly, a
repeated-ANOVA rather than a non repeated-ANOVA was used,
due to the dependence relationship among multiple measures
in a crossover, repeated-measures design. Importantly, only
Stroop Test performance outcomes obtained before the PEC in
control session were used, given the PEC-derived cross effects on
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cognitive performance. Thus, to make comparisons between visits
3 and 4 possible (i.e. control session vs PEC session), Stroop Test
performance outcomes obtained before the PEC in control session
were replicated as post PEC. Consequently, visit main effect
(control session vs PEC session) and visit by moment interaction
effect were reported, thereby making the report of moment main
effect unnecessary. The multiple comparisons were corrected by
Bonferroni test when F-values were significant. Furthermore,
SRPE were analyzed through a t-student test between visit 3
and 4. Significance level was set at 5% (p < 0.05) (SPSS version
22; IBM, NY). Cohen’s effect size d was calculated to assess
the magnitude of the results. The effect size (ES) was classified
according to Hopkins, Marshall, Batterham, Hanin?? and defined
as small (< 0.2), moderate (0.2 to 0.6), large (0.6 to 1.2), very
large (1.2 to 2.0), and extremely large (> 2.0).

Results

SRPE analyses indicated that there were no differences between
the SRPE experienced in both PEC (visit three=3.6+ 1.5 AU vs
visit four =3.5+ 1.6 AU; p > 0.05), thus suggesting participants
were submitted to similar effort levels during the classes.

Regarding the Stroop Test performance outcomes, there was no
condition main effect (p=0.292; F'=1.122; d =0.283, moderate ES)
in correct answers (Figure 2). In contrast, we found differences in
overall reaction time (p =0.000; F=95.394; d =2.763, extremely
large ES), that reduces after PEC compared with control and before
PEC (p =0.000). Figure 2 and 3 depict these results.
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Figure 2. Results of correct response for control session (white bar),
before PEC (black bar) and after PEC (gray bar). Only Stroop Test
outcomes obtained before the PEC were reported.
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Figure 3. Results for overall reaction time in Stroop Test, for control
session (white bar), before PEC (black bar) and after PEC (gray bar).
Condition main effect was found (p = 0.000; F = 95.394; d = 2.763,
extremely large ES). Only Stroop Test outcomes obtained before the
PEC were reported.
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Furthemore, PEC effects were observed in reaction time
responses in congruent, incongruent and control stimuli. For
example, congruent stimuli showed condition main effect
(p=0.000; F=28.995; d =1.439, very large ES) as reaction
time reduced from pre to post PEC (p = 0.000). Additionaly,
condition main effect was further observed in incongruent
stimuli (p = 0.000; F = 33.155; d = 1.539, very large ES),
showing that PEC ameliorated reaction time responses after
PEC compared with control and before PEC (p = 0.000).
Finally, PEC reduces reaction time in control stimuli (p = 0.000;
F =72.689; d = 2.227, extremelly large ES), precisally
particpants were faster after PEC improve than other before
class (p = 0.000). Figure 4 (panel A, B and C) depicts these
reaction time responses.
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Figure 4. Results for reaction time for each stimuli in Stroop Test,
for control session (white bar), before PEC (black bar) and after
PEC (gray bar). Figure 4A showed reaction time for congruent
stimuli (p = 0.000; F = 28.995; d = 1.439, very large ES). Figure
4B showed reaction time for incongruent stimuli (p = 0.000;
F =33.155; d = 1.539, very large ES). Figure 4C showed reaction
time for control stimuli (p =0.000; F =72.689; d =2.227, extremely
large ES. Only Stroop Test outcomes obtained before the PEC were
reported.

Discussion

The present study investigated the effects of a PEC on the
IC of elementary school students. Our findings indicate that a
PEC was able to elicit significant improvements on IC, as we
observed a decrease on the time to perform the cognitive test,
followed by an improvement on reaction time responses to
congruent, incongruent, and control stimulus.

Improvements on IC are particularly important, as IC is
an important component of executive functioning and a key
component of the cognitive function. In some of the psychiatric
disorders more prevalent in children such as ADHD, a deficient
IC may be considered as a central factor for impaired attention,
focus, and concentration’. Moreover, intuitive actions derived
from intuitive-heuristic systems have been suggested as a key
aspect of cognitive bias (e.g., irrational, illogical and emotive
thoughts and actions) and mental fixations (e.g., uncreative
and biased behavior). In this regard, the IC is an important
inhibitor for these behaviors as this possibly plays a key role
in a successful problem-solving'’.

A possible explanation for the results found in the present
study is the increase of cerebral oxygenation after PEC. Several
researchers have shown that exercise in moderate intensity
increased the cerebral blood flow in areas of the prefrontal cortex,
possibly as a consequence of the increased activation of the
motor cortex during exercise’>?*, In addition, Yanagisawa et al.®
showed that exercise in moderate intensity improves cognitive
performance and increases activation of the left dorsolateral
prefrontal cortex. Accordingly, results reported by a seminal study
by Browne, Costa, Sales, Fonteles, Moraes, Barros'* showing
a decreased reaction time after physical exercise in children.

Additionally, Peruyero, Zapata, Pastor, Cervell6* studied 44
adolescents students in a Stroop Test after 3 different intensities
(no exercise, moderate intensity, and vigorous exercise intensity)
in PEC, having proposed for this class the “Zumba” dance as
exercise. The results showed that vigorous intensity improved the
number of correct responses in the Stroop Test when compared
to moderate and no exercise intensity. In contrast with the present
study, the individuals performed the Stroop Test on pencil-and-
paper and thus failed to collect the reaction time. The authors
suggested as an improvement for future studies, the application
of the Stroop Test in a computer and the use of the perceived
exertion for the exercise intensity control, thus both aspects
have been done in the present study.

A meta-analysis demonstrated that exercise intensity
may be a key factor to promote acute effects on cognitive
performance®, as a recent investigation showed that moderate
exercise intensity improved cognitive performance in students'®.
However, differences between the present study and Browne,
Costa, Sales, Fonteles, Moraes, Barros'> may be related to
the exercise intensity and exercise mode used in the physical
activities. In this regard, although having a similar exercise mode
between studies, we used intermittent exercises in the PEC,
while Browne, Costa, Sales, Fonteles, Moraes, Barros13 used
continuous exercises. Briefly, participants performed ~50 minutes
of moderate intensity PEC (according to the Borg’s scale'®) in
the present study, while a moderate-to-vigorous intensity (i.c.,
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65-75% HR  q.yi) Was used by Browne, Costa, Sales, Fonteles,
Moraes, Barros'3. Additionally, a study by Browne, Costa, Sales,
Fonteles, Moraes, Barros'* was conducted in a laboratory, thus
probably limiting inferences to real-world situations due to the
poor ecological validity, as performing PEC by using regular
exercise on treadmills and cycle ergometers may be unrealistic
for children. Furthermore, controlling sessions of PEC through
the 65-75% of HR ..., may be further unusual as it would
require individualized orientation and apparatus for physiological
and cardiac monitoring. In contrast, PEC based on playing
through sports and games are more applied and motivational for
children. Therefore, we suggest that an intervention that uses
convention academic activities such as sports based in PEC may
contribute to improving cognitive function required in other
academic disciplines like math, history, grammar, etc. In fact,
IC has been considered as an essential aspect to a successful
academic achievement?’.

Overall reaction time was different after the PEC when
compared with control and before PEC, but there was no
difference between control and measures performed before the
PEC, thus confirming that there was no learning effect. When
analyzing stimuli separately, there was a greater reduction in
time for congruent and incongruent stimulus. These results are
in agreement with the study of Sandroff, Hillman, Benedict,
Motl28, who also found enhancement of IC in congruent and
incongruent stimuli. Accordingly, these authors argued that the
results are consequences to answer more difficult questions.

We further suggest that an intervention such as a sports-
based PEC contributes to better performance and understanding
of other academic disciplines such as math, history, grammar,
etc., since IC — combined with other aspects of EF — is essential
to a successful academic achievement?’. In conclusion, data of
the present study suggest that a team-based PEC may play an
important role to improve a short-term IC in elementary school
students.

Strengths and Limitations

Prior studies have investigated the effect of physical exercise
in the context of injuries, health, motor coordination, and social
relations, however only a few have investigated the effects of
physical education on cognitive parameters'**. In this study,
we evaluated the impact of a real PEC on IC responses of boys
and girls. Despite the improved IC observed after performing
a team-based PEC, some limitations should be highlighted. For
example, due to the crossover characteristics of the present study,
we have no control group constituted by different participants,
since all subjects were submitted to all procedures, in an attempt
to better represent the influence of the school PEC in the same
subject. However, this may be a limitation from the point of
view of possible learning in the Stroop test.

Another limitation is the absence of variations in PEC
intensity (e.g., high, moderate, low). However, the study of
Peruyero et. al.?® evaluated the influence of different exercise
intensities during PEC on IC results, their results showed the
vigorous intensity was better to IC when compared with moderate
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intensity. Nevertheless, the authors monitored the exercise
intensity across accelerometer and they suggested the use of
session of rating perception effort to evaluate the intensity of
PEC, in order to identify the real sensation of exertion of the
subject after the exercise. Thus, future studies are required to
extend the findings of the present study.
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