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Objective: Emerging research within school settings suggests acute forms of physical

activity and exercise lead to improvements in executive functioning among children.

However, research pertaining to these effects within the afterschool setting remains

limited. The primary purpose of this study was to investigate the acute effects of a

community-based afterschool running and reading program on executive functioning in

8 to 12-year-old children.

Method: Fifty participants were initially recruited to participate in this study. However,

due to the COVID-19 pandemic, data collection was terminated prematurely which

resulted in a sample size of 15 participants. Participants (N = 10) from School 1

completed two batteries of executive function assessments (i.e., inhibition, switching,

and updating) separated by 15-min of running or 15-min of sedentary reading. Whereas,

only 5 participants from School 2 completed assessments of executive functioning prior

to and following the running portion of the program (due to the early termination of

data collection).

Results: Overall, executive function scores improved across each assessment following

the running condition when compared to the reading condition (School 1). Inhibition

scores significantly improved, and these effects were very large (School 1). Across both

schools, improvements in executive functioning following the running portion of the

program ranged from small-large in effect size.

Conclusion: Findings from the present study provide initial evidence for the acute effects

of a community-based afterschool running and reading program on executive functioning

in children. Future research with larger samples in afterschool settings is recommended

to replicate this preliminary work.
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INTRODUCTION

Regular participation in physical activity is associated with
several adaptive physical, cognitive, and mental health outcomes
among children and youth (1, 2). Research also suggests acute
participation in various forms of physical activity and exercise
can positively affect cognition (i.e., long-term memory and
aspects of executive functioning) associated with learning and
academic performance (3). However, physical inactivity is a
global problem among all age groups and particularly among
children and youth (4). In Canada, less than one-third of
children are meeting daily physical activity recommendations
(5). Although several intervention efforts have been pursued to
increase physical activity levels among children and youth, the
evidence pertaining to the effectiveness of these interventions
remains mixed (6). As such, there has been a recent call for a
“comprehensive public health initiative" as a means to address
physical inactivity levels among children and adolescents that
includes evidence-based strategies applied across several societal
sectors (7).

The school setting is one sector that has gained substantial
interest for physical activity interventions as children and
youth spend most of their day sitting during school hours.
Despite the short- and long-term success demonstrated by
both classroom- and physical-education based physical activity
interventions on various physical, cognitive, and academic
outcomes (8–10), evidence suggests these interventions have a
small impact on physical activity outside of regular school hours
(11). Considering these findings, recent efforts have begun to
investigate the effects of physical activity interventions within
the afterschool setting as another avenue to positively impact
the physical and mental health of children during out-of-school
hours. However, in comparison to school-based physical activity
interventions and acute studies, the total number of studies
conducted and the evidence regarding the efficacy of physical
activity interventions (12, 13) and acute studies [e.g., (14, 15)]
within the afterschool setting remains limited.

Despite emerging interest in evaluating afterschool physical
activity programs, most of the research has examined aspects
of physical activity participation and physical health as outcome
measures (12, 13). As the afterschool setting has also been used to
promote learning (16), it would seem beneficial to take advantage
of the potential acute effects of physical activity on aspects
of cognition (i.e., executive functioning) related to learning.
However, we are unaware of previous research examining the
acute effects of physical activity on executive functioning within
the afterschool setting.

The overarching objective of this study was to investigate
the acute effects of a community-based afterschool running
and reading program on executive functioning in 8 to 12-year-
old children. Specifically, we wanted to ascertain whether the
running portion of the afterschool program, which consisted
of 15-min of running laps around the school gym or a
predetermined track throughout the school, led to acute (or
immediate) increases in executive functioning when compared
to a sedentary control condition. Consistent with the literature
reviewed above, we hypothesized the running portion of the

afterschool program would lead to improvements in executive
functioning when compared to the sedentary reading portion of
the program.

METHODS

Participants and Design
Participants were 15 grade 3–6 children (n = 3 females;
Mage = 8.99 ± 1.09) who were part of a larger intervention
study investigating the effects of a community-based afterschool
running and reading program on aspects of physical fitness,
executive functioning, and psychosocial well-being over the
course the 2019–2020 school year. The larger study was
completed in partnership with the Start2Finish organization
(https://www.start2finishonline.org/) and the Dufferin-Peel
Catholic District School Board. Two schools were chosen to
participate by the Start2Finish organization.

The present study is an examination of the acute effects of the
running portion of the program on executive functioning when
compared to the sedentary reading portion of the program. Due
to requests from the Start2Finish organization and the school
board, all of the participants who had consent to participate in
the larger study and were enrolled in the afterschool program
(i.e., excluding the control participants who were not enrolled
in the after school program) were also invited to participate in
the acute portion of the study. This resulted in 50 participants
from the larger intervention study who agreed to participate in
the acute study. However, we conducted a formal sample size
calculation [using G∗Power 3.1.9.2; (17)] prior to data collection
based on medium effect sizes (i.e., f = 0.25) for the acute effects
of physical activity on aspects of executive functioning (i.e.,
inhibition, switching, and updating) that were derived from the
Pontifex et al. (18) review, with power= 0.80 and α= 0.05, which
indicated a sample of N = 24 was sufficient for analysis.

Nevertheless, due to the COVID-19 pandemic, only 10
participants (School 1) completed the full protocol (i.e.,
assessments of executive function prior to and following both
the running and reading portions of the afterschool program)
and 5 participants (School 2) completed assessments of executive
functioning prior to and following the running portion of the
program. Therefore, randomization at the group level (i.e.,
counterbalancing the order of the experimental and control
conditions) did not occur among the 10 participants who
completed the full protocol. In addition, 5 participants only
completed the pre- and post-assessments of executive function
prior to and following the running portion which limits a true
comparison to the control condition among these participants.

The study was approved by the University of Toronto
Research Ethics Board and the Dufferin-Peel Catholic District
School Board. Parents provided informed written consent and
students provided informed written assent before participation
in the study.

Procedure
The data was collected within the first 45-min of the
afterschool program. After attendance was taken, participants
were accompanied by a trained research assistant to a quiet
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room within the school to complete the first battery of executive
function assessments (see the primary outcome measures section
below) while seated at a table. For the running (i.e., experimental)
condition, participants were then walked back to the school
gym, by the research assistant, at which point they engaged in
15-min of running (see the Start2Finish afterschool program
section below) with their peers in the afterschool program.
For the reading (i.e., control) condition, participants remained
seated at the table and read a grade appropriate book (chosen
by the participant) for 15-min. Following the experimental
manipulation, participants completed the second battery of
executive function assessments in the same quiet room within
the school. Upon completion of the second battery of executive
function tests, participants were walked back to the afterschool
program. For an overview of the study protocol see Figure 1.

Start2Finish Running and Reading Club
The Start2Finish Running & Reading Club is an inclusive
afterschool program offered to low-income schools and students
at no-cost. In brief, the program consists of a running portion
followed by a reading portion (for more information see
https://www.start2finishonline.org/ running-and-reading-clubs).
For the purpose of this study, the running portion consisted of
15-min whereby children ran laps around a gym (School 1) or
ran laps throughout a predetermined track setup throughout the
gym and school halls (School 2).

Primary Outcome Measures
Executive Functioning
Three tasks were chosen to assess the three core executive
functions (i.e., inhibition, switching, and updating) that have
been commonly used in previous research to assess executive
functioning in general (19) as well as to assess the effects of
acute exercise on executive functioning in children and youth
(18, 20). At each assessment, these tasks were administered in the
same order beginning with the Stroop task, followed by the Trail
Making Test, and then the Forward Working Memory test.

Inhibition
Inhibition was assessed using the congruent and incongruent
versions of the Stroop task (21). Participants performed the
congruent version for 30-s followed by the incongruent version

for 3-min. Both versions consisted of lists of words printed on
laminated sheets of paper. In the congruent version, the words
and the print ink color were matched (e.g., ink color was blue
and the word text read blue), and participants were asked to
read the word aloud (i.e., blue). In the incongruent version,
the words and print ink color were mismatched (e.g., ink color
was green and the word text read yellow), and participants were
asked to say aloud the ink color they saw (i.e., green) without
reading the word text. In both versions, children were asked to
try to respond as fast and accurately as possible. If an error was
made it was recorded by the research assistant. A total Stroop
task performance score (i.e., Stroop accuracy) was computed by
subtracting the number of errors made on each version from the
number of words completed on each version, and then summing
those values (i.e., Stroop task performance score = [congruent
words completed – congruent errors made] + [incongruent
words completed – incongruent errors made]). This calculation
was conducted separately for the pre- and post-test assessments.
Higher scores indicate better performance on the Stroop task.

Switching
Switching was assessed using the Trail Making Test [TMT;
(22)] as it is a valid and appropriate measure for children (23).
The TMT consists of two parts, Part A and Part B. Part A
requires participants to connect number sequences, whereas Part
B requires participants to alternate between number and letter
sequences. In both versions, participants are required to connect
the sequences in order, as fast and accurately as possible, without
lifting their pencil or turning the paper. If an error was committed
(i.e., connected the wrong sequence) or a pencil lift was made,
it was recorded by the research assistant under “total errors.” A
total TMT performance score was computed by adding the total
errors committed to the time (in seconds) it took the participants
to complete each version, and then summing those values (i.e.,
TMT performance score = [total time Part A + total errors Part
A] + [total time Part B + total errors Part B). Lower scores
indicate better performance on the TMT.

Updating
Updating was assessed using the Forward Memory Span (FMS)
test from the Leiter International Performance Scale−3rd Edition
as it is a valid and appropriate measure for children (24). The

FIGURE 1 | Experimental protocol. IMI-EI, intrinsic motivation inventory–effort and importance subscale; TMT, Trail Making Test; FMS, Forward Memory Span; FS,

Feeling Scale; RPE, ratings of perceived physical exertion; SE, self-efficacy.
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FMS test is a non-verbal assessment whereby the participant is
presented with pictures of objects shown in a grid pattern (e.g., a
3 × 3 grid). First, the researcher points to multiple pictures (e.g.,
4 pictures) in a predetermined order and then the participant is
required to copy the same order. The grid pattern and number
of pictures gradually increases as the test progresses. An error
is recorded if the participant points to any of the pictures in
the incorrect order. The test is terminated when six errors are
committed or if the participant advances to the last sequence.
A total FMS performance score was computed by summing the
correct number of sequences performed, with a maximum score
of 28. Higher scores indicate better performance on the FMS test.

Secondary Outcome Measures
While the acute effects of physical activity and exercise
on executive functioning are well-established, intermediary
processes contributing to these effects remain relatively elusive.
As such, we wanted to ascertain whether changes in various
psychological perceptions known to result from participation in
physical activity and that are directly associated with changes
in behavior [e.g., (25–29)], may have also been affected by
participation in the running portion of the program.

Motivation
Prior to completing each executive function battery, the effort
and importance subscale from the IntrinsicMotivation Inventory
(30) was used to assess motivation for performing the executive
function tests. The subscale contains 5-items that are rated on a
scale ranging from 1 (Not at all true) to 7 (Very true). Each item
was prefaced with the following stem “For the brain games I’m
about to do.” An example item is: “I am going to try very hard to do
well at these brain games.” A total motivation score was computed
by averaging the 5-items at each assessment. Internal consistency
at each assessment was good (α’s > 0.82).

Task Self-Efficacy
Prior to completing the second executive function battery, self-
efficacy to perform the executive function tests was assessed
using a four-item scale adhering to recommendations by Bandura
(31) for assessing self-efficacy. Each item was prefaced with the
stem “For the brain games I am about to do, I am confident I
can perform. . . ”. The individual items represented gradations of
performance that were relative to the participant’s performance
on the first battery of executive function tests. They were (1)
“Almost as good as last time,” (2) “As good as last time,” (3)
“A little better than last time,” and (4) “A lot better than last
time.” Participants rated their confidence (i.e., self-efficacy) for
each item using an 11-point scale ranging from 0 (Not at all
Confident) to 10 (Completely Confident). The task self-efficacy
score was calculated by averaging the items. Internal consistency
of the scale was good (α = 0.81).

Affect
The Feeling Scale (32) was used to measure affect at 5-, 10-,
and 15-min during the experimental manipulations. Participants
were asked to rate their current feeling state using an 11-point
bipolar single item scale ranging from−5 (Very Bad) to+5 (Very

Good). A total affect score was calculated by averaging the three
values collected during the experimental manipulation.

Ratings of Perceived Exertion
Participants rated their perceived physical exertion (RPE) at 5-
, 10-, and 15-min during the experimental manipulations using
Borg’s (33) CR-10 scale. Participants were instructed to rate their
perception of physical exertion from 0 (no exertion at all) to
12 (absolute maximum), with 10 (extremely strong) representing
the highest physical exertion they had ever experienced. A total
RPE score was calculated by averaging the three values collected
during the experimental manipulation.

Data Analysis
All statistical analyses were conducted using SPSS 25 (34).
Descriptive statistics were computed for all study variables. For
the 10 participants who completed the full experimental protocol
(School 1), separate 2 (running vs. reading) × 2 (pre- vs. post-
experimental manipulation) repeated measures ANOVAs were
computed to assess differences in means between conditions
for the primary outcome measures and motivation. Separate
one-way ANOVAs were computed to assess differences in
means between conditions for task self-efficacy, affect, and RPE.
Significant interactions were decomposed and evaluated using
paired t-tests by comparing group means. For the 5 participants
who only completed study measures pre- and post-running
(School 2), paired t-tests were computed to assess differences in
means for the primary outcome measures and motivation. As
task self-efficacy, affect, and RPE are represented by a single score,
descriptive statistics (means and SDs) are presented. Effect sizes
for the one-way ANOVAs are reported as Cohen’s d (35) and
the values for small, medium and large are 0.20, 0.50, and 0.80,
respectively. Effect sizes for the repeated measures ANOVAs are
reported as partial eta squared (np2) and the values for small,
medium, and large are 0.01, 0.06, and 0.14, respectively.

RESULTS

Descriptive statistics, ANOVA summaries, t-test summaries, and
effect sizes for the primary and secondary outcome measures are
shown, by group, in Table 1 (School 1) and Table 2 (School 2).

Primary Analyses
Inhibition
Results of the 2 × 2 repeated measures ANOVA for the Stroop
task performance scores from School 1 revealed a significant
main effect for time (p = 0.007, η

2
p = 0.34) and a significant

time by condition interaction (p <0.001, η2
p = 0.57). Specifically,

as seen in Table 1, Stroop task performance scores significantly
increased from pre- to-post-test in the running condition (p <

0.001, d = 0.74) whereas they decreased slightly in the reading
condition (p = 0.31, d = 0.16). Results of the paired t-test for
the Stroop task performance scores from School 2 revealed no
significant effects (p= 0.24, d = 0.40).
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TABLE 1 | Primary and secondary outcomes for participants from School 1 (n = 10).

Variable Reading Running

Pre Post Pre Post F p Effect size

M (SD) M (SD) M (SD) M (SD)

Stroop task 153.20 (28.84) 148.10 (34.30) 131.10 (33.79) 153.40 (28.76) 23.62 0.001 0.57a

Trail Making Test 195.14 (38.60) 198.99 (46.17) 228.82 (47.97) 206.97 (59.80) 2.41 0.14 0.12a

Forward Memory Span 21.20 (2.82) 20.50 (1.43) 19.70 (2.00) 20.40 (2.07) 1.91 0.18 0.10a

Motivation 6.06 (1.30) 6.06 (1.35) 5.78 (1.22) 5.98 (1.44) 0.88 0.36 0.05a

Task self-efficacy – 5.68 (3.05) – 8.10 (2.04) 4.36 0.05 0.93b

Affect – 3.47 (1.10) – 3.60 (1.42) 0.06 0.82 0.10b

RPE – 3.43 (2.71) – 7.63 (2.19) 14.51 0.001 1.71b

M, mean; SD, standard deviation; RPE, ratings of perceived physical exertion.
aPartial eta squared (η2p ).
bCohen’s d.

TABLE 2 | Primary and secondary outcomes for participants from School 2 (n = 5).

Variable Pre-running

(M SD)

Post-running

M (SD)

t p d

Stroop Task 150.40 (29.77) 163.60 (36.06) −1.37 0.24 0.40

Trail Making Test 160.12 (50.79) 148.35 (49.56) 1.40 0.26 0.23

Forward Memory Span 20.80 (0.45) 21.40 (1.95) −0.74 0.50 0.42

Motivation 5.00 (1.03) 5.20 (1.47) −0.82 0.46 0.16

Task Self-Efficacy – 5.56 (3.29) – – –

Affect – 3.11 (2.46) – – –

RPE – 7.89 (4.76) – – –

M, mean; SD, standard deviation; RPE, ratings of perceived physical exertion; d, Cohen’s d.

Switching
Results of the 2 x 2 repeated measures ANOVA for the
TMT performance scores from School 1 revealed no significant
findings for the main effect for time (p = 0.29, η

2
p = 0.07) and

the time by condition interaction (p=0.14, η2
p = 0.12). Results of

the paired t-test for the TMT performance scores from School 2
revealed no significant effects (p= 0.26, d = 0.23).

Updating
Results of the 2 × 2 repeated measures ANOVA for the FMS
test performance scores from School 1 revealed no significant
findings for the main effect for time (p= 1.00, η2

p = 0.00) and the

time by condition interaction (p= 0.18, η2
p = 0.10). Results of the

paired t-test for the FMS test performance scores from School 2
revealed no significant effects (p= 0.50, d = 0.42).

Secondary Analyses
Motivation
Results of the 2 x 2 repeated measures ANOVA for motivation
scores from School 1 revealed no significant findings for the main
effect for time (p = 0.36, η2

p = 0.05) and the time by condition

interaction (p =0.36, η2
p = 0.05). Results of the paired t-test for

motivation scores from School 2 revealed no significant effects
(p= 0.46, d = 0.16).

Task Self-Efficacy
Results of the one-way ANOVA for task self-efficacy scores from
School 1 approached significance (p = 0.05, d = 0.93). The task
self-efficacy score from School 2 can be seen in Table 2.

Affect
Results of the one-way ANOVA for affect scores from School 1
revealed no significant findings (p = 0.82, d = 0.10). The mean
affect score from School 2 can be seen in Table 2.

RPE
Results of the one-way ANOVA for RPE scores from School 1
revealed significant differences (p = 0.001, d = 1.71). The mean
RPE score from School 2 can be seen in Table 2.

DISCUSSION

The present study investigated the acute effects of a community-
based afterschool running and reading program on executive
functioning in 8 to 12-year-old children. It was hypothesized
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that the physical activity (i.e., running) portion of the afterschool
program would lead to improvements in executive functioning
when compared to the sedentary reading portion of the program.
Although the COVID-19 pandemic terminated data collection
early limiting our sample size, we found improvements across all
the executive function measures following the running portion of
the afterschool program. Specifically, when compared to pre-test
scores, post-test executive function scores showed improvements
in the hypothesized direction across each measure and these
improvements ranged from small to very large-sized effects (see
Tables 1, 2).

Fortunately, we were able to collect complete pre- and
post-running and reading data from 10 participants (School
1) prior to data collection ceasing, allowing us to conduct
within-subject pre-test post-test analyses which is considered
the gold standard for testing acute exercise effects on executive
functioning (18). Results showed significant and very large
effects for improvements in inhibition following the running
portion in comparison to the reading portion. Although the
findings for task switching and updating were not statistically
significant, we found large interaction effects in the expected
directions. These findings are encouraging and novel for several
reasons. For instance, as far as we are aware, this is the
first study to investigate the acute effects of an afterschool
physical activity program on executive functioning and results
suggest 15-min of running laps can lead to improvements in
aspects of executive functioning associated with learning and
academic performance. Second, and of particular importance,
is the application of these findings within the current program
and other afterschool (or other school) settings that seek to
utilize the acute positive effects of physical activity on executive
functioning and aspects of academic performance such as
literacy and numeracy skills. That is, following the running
portion of the program in this afterschool program children
participate in a sedentary reading portion that works to develop
the children’s literacy skills. Findings from the present study
suggest children’s inhibition abilities are enhanced (at least
temporarily) during the reading portion which should help
them focus, remain still, and manage distractions to aid in the
learning process during the reading portion of the program. Task
switching and updating abilities were also enhanced following
the running portion which should aid in learning by switching
back and forth between concepts while keeping alternating
concepts within working memory; these skills are essential for
learning and are regularly called upon in a typical school day.
Finally, as previous research suggests regular engagement in
physical activity can lead to improvements in cognition and
brain health over time (36), our preliminary findings highlight
the potential ability of the program to improve executive
functioning over time in general and among low-income students
who may benefit the most from an afterschool running and
reading program.

Findings from our secondary outcome measures from
participants at School 1 also showed small to large-sized effects
following the running portion when compared to the reading
portion. That is, task self-efficacy scores approached conventional
levels of significance (p = 0.05) and were large in effect size.

As ample research suggests self-efficacy is a strong and reliable
predictor of performance and behavior including among children
and youth (25), findings from the present study suggest children
were more confident in their abilities to perform the second
executive function battery following the running portion (when
compared to the reading portion) and this confidence may have
translated over to actual performance in various ways and likely
due to a psychophysiological response. For instance, increases
in affective valence are often found following acute moderately
intense physical activity [e.g., (27)], such as jogging or running
laps. Based on self-efficacy theory (25), increases in affect lead
to increases in self-efficacy alongside several neurophysiological
processes [see (25), “Biological Effects of Perceived Self-Efficacy,”
p. 262–278] that may ultimately account for improvements
in executive functioning through the upregulation of cerebral
blood flow or other brain activation patterns associated with
cognition following acute exercise (18, 37). Although we
only saw small improvements in affect following the running
portion, past research suggests increases in affect can mediate
the acute physical activity—executive functioning relationship
(38). Differences in our measure of affect [1-item vs. 10-
items used in (38)], and/or the type of acute physical activity
performed, may have resulted in variations in affect between
studies. Nevertheless, future research is encouraged to test
sequential mediational models (i.e., physical activity→ changes
in affect→ self-efficacy→ changes in executive functioning) to
further understand the complex psychophysiological cascade of
events following acute physical activity that lead to changes in
executive functioning.

Strengths and Limitations
There were several encouraging and novel findings from
the present study, however limitations are notwithstanding.
Arguably, the biggest limitation pertained to termination of the
study due to the COVID-19 pandemic and this resulted in a
relatively small sample size (N = 15) and a small number of
female participants (n = 3) limiting the generalizability of the
results, despite attaining consent from 50 potential participants
(of which 21 were female). The disruption of data collection
also resulted in a lack of randomization at the group level (i.e.,
counterbalancing the order of the experimental and control
conditions) even though this study was originally designed to
utilize a counterbalanced within-subject experimental design.
Despite the small sample size, we employed a within-subject
pre-test post-test experimental design that has been advocated
when testing the acute effects of physical activity/exercise on
executive functioning (18) and, in turn, strengthened our
findings. Although we found a significant effect for inhibition
scores, we acknowledge the limited sample size which does not
allow us to conclude (i.e., at a level of statistical significance
p < 0.05) that the program led to changes in switching and
updating despite observing small-medium effects for changes in
these outcomes. Future research is needed utilizing a greater
sample size and an equal number of males and females in order
to further test the effects of an afterschool running and reading
program on executive functioning among children.
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While we were able to control the length of the running
portion of the program (i.e., every child participated in
15-min) and RPE scores suggested the participants were
working at a “strong” intensity (i.e., a score of 7), the
variability in RPE scores suggest some children may have been
working too intense (or too light) which may have negatively
affected changes in executive functioning. Although the acute
physical activity intensity—executive functioning performance
relationship remains complex (18), it would be worthwhile in
future research to attain measurements of heart rate to help
control exercise intensity within each child. The afterschool
program leaders delivered the running portion of the study
which presented us with ecological validity, however it would
be interesting to investigate various types of physical activity
(i.e., circuit-based exercise) and/or a combination of types in
comparison to running alone on both psychological outcomes
(e.g., enjoyment) and cognitive outcomes. Finally, we collected
a small amount of demographic information (i.e., only age and
gender) which tempers the generalizability of our findings.

CONCLUSION

The present study has provided the first evidence for the acute
effects of a community-based, program leader delivered,
afterschool running and reading program on executive
functioning in children. The results from this exploratory
study suggest the running portion of the program led to
improvements in executive functioning when compared to the
sedentary reading portion. However, the study was limited to a
small sample size resulting from data collection being ceased due
to the COVID-19 pandemic. Thus, further research is needed

to elucidate the acute effects of physical activity on executive
functioning resulting from this afterschool program.
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