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Working memory lies at the core of cognitive function and plays a crucial role in children’s
learning, reasoning, problem solving, and intellectual activity. Behavioral findings have
suggested that acute aerobic exercise improves children’s working memory; however,
there is still very little knowledge about whether a single session of aerobic exercise
can alter working memory’s brain activation patterns, as assessed by functional
magnetic resonance imaging (fMRI). Therefore, we investigated the effect of acute
moderate-intensity aerobic exercise on working memory and its brain activation patterns
in preadolescent children, and further explored the neural basis of acute aerobic
exercise on working memory in these children. We used a within-subjects design with
a counterbalanced order. Nine healthy, right-handed children were scanned with a
Siemens MAGNETOM Trio 3.0 Tesla magnetic resonance imaging scanner while they
performed a working memory task (N-back task), following a baseline session and
a 30-min, moderate-intensity exercise session. Compared with the baseline session,
acute moderate-intensity aerobic exercise benefitted performance in the N-back task,
increasing brain activities of bilateral parietal cortices, left hippocampus, and the bilateral
cerebellum. These data extend the current knowledge by indicating that acute aerobic
exercise enhances children’s working memory, and the neural basis may be related to
changes in the working memory’s brain activation patterns elicited by acute aerobic
exercise.

Keywords: acute aerobic exercise, working memory, N-back, brain activation patterns, fMRI, preadolescent
children

INTRODUCTION

Working memory involves temporary storage and manipulation of information assumed
necessary for a wide range of complex cognitive activities (Baddeley, 1992, 2003). It is an
essential element for learning, memory, decision-making, cognitive control, other high-level
cognitive activities, and brain development (Baddeley, 1992, 2003; Ericsson and Kintsch,
1995; Bechara et al., 1998; de Jong, 1998; Passolunghi and Siegel, 2001; Swanson and
Sachse-Lee, 2001; Bull et al., 2008). Deficits in working memory will seriously harm the
development of children’s physical, mental, and social achievements; conversely, individuals,
local communities, and society will benefit from well-developed working memory (Siegel
and Ryan, 1989; Ericsson and Kintsch, 1995; Bechara et al., 1998; de Jong, 1998;
Passolunghi and Siegel, 2001; Bull et al., 2008). Although working memory has a neural
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anatomical basis, it is flexible and plastic, and thus, can be
improved through training, especially in high correlation with
children’s cognitive development (Olesen et al., 2004; Westerberg
and Klingberg, 2007; Takeuchi et al., 2010; Kamijo et al., 2011;
Mrazek et al., 2013). Therefore, working memory has attracted
increasing research attention in various fields and has become
a frontier in interdisciplinary research. Identification of effective
methods to develop children’s working memory is a focus of the
current research.

A burgeoning body of literature has emerged on exercise’s
positive effects on the brain and cognition. Aerobic exercise as
an effective method for improving children’s brain and cognitive
function has been gradually recognized and practiced (Davis
et al., 2007, 2011; Erickson and Kramer, 2009; Diamond and Lee,
2011; Erickson et al., 2011; Chang et al., 2012, 2013; Chapman
et al., 2013; Hötting and Röder, 2013; Verburgh et al., 2013;
Chen et al., 2014). Recent findings have also suggested that acute
aerobic exercise enhances working memory (Pontifex et al., 2009;
McMorris et al., 2011; Li et al., 2014). Nevertheless, it is not clear
whether the neural basis of improvement in children’s working
memory is elicited by acute aerobic exercise.

Functional magnetic resonance imaging (fMRI) non-
invasively and safely measures and maps brain activity (Fox and
Raichle, 2007). With fMRI, brain activation can be evaluated
by measuring the blood oxygenation level-dependent (BOLD)
contrast signal, which reflects a change in the ratio of oxygenated
to deoxygenated hemoglobin that occurs with brain activation
and increases in local blood volume. In a growing number
of studies, fMRI is applied to directly understand how brain
function changes with aerobic exercise or training (Kramer
and Erickson, 2007; Chaddock et al., 2010; Davis et al., 2011;
Erickson et al., 2011; Li et al., 2014). Through fMRI, working
memory’s neural basis has been found to have a specific pattern
of brain activation, which, in working memory, mainly includes
frontal and parietal cortices (Cohen et al., 1997; Klingberg et al.,
2002; Baddeley, 2003; Klingberg, 2006; Darki and Klingberg,
2014; Ester et al., 2015; Harding et al., 2015). These brain
regions’ functional specialization and cooperation are the
operating basis of working memory (Diwadkar et al., 2000;
Baddeley, 2003). Moreover, studies from cognitive psychology
and neuroscience have revealed that working memory training
increases and decreases in task-related BOLD activity in different
regions associated with increases in working memory capacity
(Constantinidis and Klingberg, 2016). That is, both increases
and decreases in the BOLD signal can be informative about the
stimulus maintained in working memory, reflecting excitatory
and suppressive responses to stimuli’s orientation and motion.
Additionally, a decrease in the BOLD signal in a certain area
is often interpreted as an increase in the area’s “efficiency” in
performing its function. In short, improvement in working
memory relates to its activation pattern changes (Klingberg
et al., 2002; Olesen et al., 2004; Westerberg and Klingberg,
2007; Takeuchi et al., 2010; Kamijo et al., 2011; Mrazek et al.,
2013). Therefore, the key to clarifying the neural basis of
working memory enhancement caused by children’s acute
aerobic exercise is to reveal changes in working memory’s brain
activation patterns elicited by acute aerobic exercise.

In summary, the present study explores the effect of acute
moderate-intensity aerobic exercise on working memory and its
brain activation patterns in preadolescent children, and further
explored the neural basis of acute aerobic exercise on working
memory in these children. We hypothesize that our study would
both replicate previous studies, demonstrating that acute aerobic
exercise improves working memory, and extend our current
understanding of this process to discover that acute aerobic
exercise can better optimize working memory’s brain activation
pattern.

MATERIALS AND METHODS

Ethic Statement
The study protocol was approved by the Institutional Review
Board of Beijing Normal University. All participants and their
guardians provided written consent, and the protocol was
approved by the institutional review board of Beijing Normal
University.

Participants
Nine healthy children in fifth grade (10 years old; five males,
four females) were recruited through primary school advertising.
They had normal or corrected-to-normal vision and were right-
handed, as assessed by the Edinburgh Test (Oldfield, 1971).
They also completed a set of questions about history of drug
abuse or inherited disease and general intelligence (Wechsler
Intelligence Scale for Children-IV-Chinese Version, WISC-IV-C)
(Zhang, 2009). Exclusions included any medical condition that
would limit physical activity or affect study results (including
neurological or psychiatric disorders). The study was conducted
in accordance with the Declaration of Helsinki. The study
protocol was approved by the Institutional Review Board of the
Brain Imaging Center of the State Key Laboratory of Cognitive
Neuroscience and Learning, Beijing Normal University. Written
informed consent was obtained from all participants and
their legal guardians after experimental procedures were fully
explained.

Acute Aerobic Exercise Protocol
Exercise was performed on a bicycle ergometer (MONARK 834,
Sweden) with moderate intensity, which has been shown to
benefit children’s cognition (Hillman et al., 2009; Chen et al.,
2014). This study used 60–69% of the predicted maximal heart
rate, defined as 220 minus age in years, to determine the exercise
intensity target heart rate (American College of Sports Medicine,
2006). Participants spent 2 min cycling to warm up, 30 min
exercising at moderate intensity, and finally, 3 min cooling down
at a self-determined pace. Heart rate was monitored in real
time using a Polar heart rate monitor (RS800XSD, Finland)
throughout the acute aerobic exercise protocol, which was led by
the same instructor, one-on-one.

Working Memory Task
An N-back task (Smith and Jonides, 1997; Owen et al., 2005)
was programmed using E-Prime to assess working memory.
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FIGURE 1 | Design of the N-back working memory task.

The task used group block design (Figure 1), contained 0-
and 2-back conditions, and was performed alternatingly. The
2-back condition was a working memory task, while the 0-back
condition was a control task that did not need to manipulate
working memory. Thus, the contrast between 0-back and 2-back
conditions reflects, to a large degree, time-related aspects of
processing stimuli in working memory. The N-back task had five
2-back conditions and six 0-back conditions. The task consisted
of a series of changing number stimuli displayed at the center
of a computer screen (i.e., 1, 2, 3, 4). The first block of three
phases was pre-scanning. Each block of one to four phases
was adaptive, and the screen center was “ready,” prompting the
participant to prepare to respond. Each stimulus was displayed on
the screen for 2,000 ms and each phase’s duration was 2,000 ms.
The presentation time for each number stimulus was 1,500 ms,
and the reaction time was 500 ms. Working memory’s behavioral
performance consisted of mean reaction time (RT) and mean
accuracy (Acc); consequently, the shorter the RT, and/or the
higher the Acc, the better the participant’s working memory.

Each 0-back condition included 11 phases in random order.
The first phase was an experimental content cue: single or double;
when the numeral 1 or 3 appeared, pressing button A; when the
numeral 2 or 4 appeared, pressing button B. These four numbers
were displayed randomly at equal probability.

Each 2-back condition included 13 phases in random order.
The first phase was an experimental content cue: Remember and
go back 2; the participant needed to remember the second and
third stimuli in order of appearance. When the fourth stimulus
appeared, they had to respond whether it was the same as the
second; if it was, they pressed A, and otherwise, pressed B on the
keyboard with both hands.

Experimental Procedure
This experiment had a completely within-subjects design. It
was conducted in the Imaging Center for Brain Research at
Beijing Normal University. During the first visit, participants and

their legal guardians completed all paperwork, including written
informed assent/consent, as previously described. Following
paperwork completion, an N-back task practice was administered
to each participant, and the experimenter checked their
performances to ensure that the participants understood the task.
If a participant’s task performance was below 80% (Acc), the
same practice was re-administered. In the formal experiment, all
participants attended two sessions (i.e., baseline and exercise),
with the order counterbalanced across participants at the same
time on two separate days (a 7-day interval) in which they had not
participated in physical education or other structured physical
activity. So half participants received the baseline session on
the first day and the exercise session on the second day. The
other half received the exercise session on the first day and
the baseline session on the second day. The baseline session
consisted of 30 min of seated rest, during which all participants
were fitted with a heart rate monitor and their resting heart
rates were recorded. Following the seated rest period, participants
completed an N-back task during MRI scanning. The exercise
session consisted of a 30-min rest, with the resting heart rate
recorded, and an acute aerobic exercise protocol during which
HR was recorded in real time. Following the completion of the
acute aerobic exercise protocol, once participants’ HRs returned
to within 10% of their resting heart rate levels, the N-back
task was performed during MRI scanning. Upon completion of
both sessions, participants and their legal guardians received fair
remuneration for their involvement in the experiment.

Functional MRI Data Acquisition and
Image Processing
Participants underwent one scan for high-resolution structural
images of the whole brain on a 3T Siemens Magnetom Trio
system (Siemens) with total imaging matrix in the Imaging
Center for Brain Research, Beijing Normal University. Functional
images were obtained using an echo-planar imaging (EPI)
sequence, with the following scan parameters: TR = 2,000 ms,

Frontiers in Psychology | www.frontiersin.org 3 November 2016 | Volume 7 | Article 1804

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


fpsyg-07-01804 November 17, 2016 Time: 15:41 # 4

Chen et al. Acute Exercise and Working Memory

TE = 30 ms, gap = 1 mm, flip angle (FA) = 90◦, slice
thickness = 3.0 mm, field of view (FOV) = 200 × 200 mm,
and inplane resolution = 64 × 64. Resulting data included
148 brain volumes with 33 axial slices. During the fMRI
scans, all participants were instructed to stay relaxed and
move as little as possible. High-resolution structural images
were acquired using a magnetization-prepared rapid gradient
echo, three-dimensional T1-weighted sequence (TR = 2000 ms,
TE = 3.39 ms, T1 = 1100 ms, FA = 7◦, thickness = 1.33 mm,
FOV= 200× 200 mm, acquisition matrix= 256× 256).

Functional image preprocessing and statistical analyses were
conducted with DPABI1, based on SPM82. The first three volumes
of functional images were discarded for signal equilibrium
and participants’ adaptation to scanning noise. Subsequent
functional images underwent the following preprocessing steps:
slice-timing correction, realignment, co-registration, and New
Segment + Diffeomorphic Anatomical Registration Through
Exponentiated Liealgebra (DARTEL) with high-resolution
structural scans (Ashburner and Friston, 2005). The DARTEL
tool (Ashburner, 2007) was used to compute transformations
from individual native space to Montreal Neurological Institute
(MNI) coordinate space. Then, the segmented BOLD volumes
were normalized into standardized MNI space using the
DARTEL template and resampled to 3 mm ×3 mm ×3 mm
isotropic voxels. Finally, normalized images were smoothed with
an 8 mm × 8 mm × 8 mm full width at half maximum Gaussian
kernel.

Statistical Analysis
First, descriptive data were evaluated to determine the
appropriateness of exercise intensity manipulation. Second,
behavioral improvements in RT and Acc for working memory
across the two sessions were analyzed by paired t-test with SPSS.
Third, functional changes were analyzed with two procedures,
individual and group analysis. Individual analysis: The 0-back
condition was considered a control task in the present study.
The 2-back condition required maintenance and permanent
update of relevant pieces of information in working memory.
Then, statistical parametric maps (SPMs) were computed for
individual participants by using the general linear model (GLM)
with separate hemodynamic basis response function modeling
MR signal responses for each task period. Contrast images
(2-back vs. 0-back) on estimates of interest were obtained for
each participant. Group analysis: There were two steps for group
analysis based on the contrast images (2-back vs. 0-back). The
first was to identify whether the N-back task is successfully
inducing the common brain activation patterns of working
memory for each session (baseline and exercise), we conducted
a one-sample t-test on the contrast images (2-back vs. 0-back).
The second was to examine neural activation differences between
two sessions (baseline and exercise); we conducted a paired t-test
on the contrast images (2-back vs. 0-back) to detect acute aerobic
exercise gains.

1http://rfmri.org/dpabi
2http://www.fil.ion.ucl.ac.uk/spm/software/spm8/

RESULTS

Exercise Intensity Manipulation
The heart rates for the baseline and exercise sessions were 41.80
and 64.52%, respectively, of the predicted maximal heart rate
[t(8) = 23.70, p < 0.001]. The two sessions’ differing heart rates
and percentages of the predicted maximal heart rate suggest that
the selected moderate-intensity exercise was appropriate.

Behavioral Performances
Table 1 presents detailed behavioral measures based on the
two sessions and the N-back conditions. To explore behavioral
performance differences between the baseline and exercise
sessions, a paired t-test was used on RT and accuracy. There
were no significant differences between the baseline and exercise
sessions on 0-back RT [t(8) = 1.37, p > 0.05 and Acc
t(8)=−1.03, p > 0.05; 2-back Acc t(8)=−0.82, p > 0.05]. The 2-
back RT of the exercise session showed significant improvement
after acute exercise t(9) = 2.79, p < 0.05, r2pb = 0.49; that is,
shorter RT demonstrated better working memory.

Brain Activation Differences
The first analytical goal was to examine working memory
activation in two scanning sessions (baseline and exercise) with
contrast images (2-back vs. 0-back), calculated as an assessment
of the dynamic range of neural differences activation between a
control task and a working memory task. The statistical threshold
was set at p < 0.001 with a cluster size threshold of 75 voxels,
which is equivalent to cluster-level p < 0.05, AphaSim corrected.
Specifically, in the baseline session, regions of significant BOLD
activation were the left Superior Frontal Gyrus (SFG), bilateral
Middle Frontal Gyrus (MFG), right Inferior Frontal Gyrus
(IFG), bilateral Parahippocampa gyrus (PHP), right Middle
Occipital Gyrus (MOG), left Superior Temporal Gyrus (STG),
and bilateral Cerebellum Posterior Lobe; in the exercise session,
right Medial Frontal Gyrus (MEDFG), MFG, left Superior
Parietal Lobule (SPL), right Inferior Parietal Lobule (IPL), right
Superior Occipital Gyrus (SOG), left Anterior Cingulate Cortex
(ACC), right Posterior Cingulate Cortex (PCC), and bilateral
Cerebellum Posterior Lobe were activated (Table 2; Figure 2).
This analysis of activated brain regions revealed the common
patterns of working memory.

In further comparisons of brain regions’ activated changes
between the baseline and exercise sessions, a paired t-test
revealed significant difference. The statistical threshold
was set at p < 0.025 with a cluster size threshold of
100 voxels, which is equivalent to cluster-level p < 0.05,

TABLE 1 | Children’s behavioral performances on N-back task in baseline
and exercise sessions.

Condition Baseline session Exercise session

ACC (%) RT(ms) ACC (%) RT(ms)

0-back 0.95± 0.03 682.80 ± 52.68 0.96 ± 0.03 643.92 ± 73.35

2-back 0.81± 0.03 963.13 ± 125.24 0.82 ± 0.03 877.57 ± 53.74
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TABLE 2 | Children’s brain activation patterns during working memory in baseline and exercise scanning sessions.

Primary regions Brodmann area Size (voxel) Max T-statistic MNI coordinates

x y z

Baseline session

B_Cerebellum Posterior Lobe – 103 21.84 −36 −60 −45

L_Parahippocampa Gyrus 30 235 −13.23 −24 −21 −18

R_Parahippocampa Gyrus 34 4249 −21.29 24 −3 −15

L_Medial Frontal Gyrus 10 506 −8.62 −3 54 −6

R_Middle Occipital Gyrus 18 1352 −19.21 21 −99 3

L_Superior Temporal Gyrus 48 289 −13.35 −39 −15 15

R_Inferior Frontal Gyrus 47/48 158 17.06 30 18 −9

B_Middle Frontal Gyrus 32/24 844 17.54 0 18 42

L_Superior Frontal Gyrus 9 108 −9.41 −9 48 42

Exercise session

L_Cerebellum Posterior Lobe – 111 18.25 −33 −66 −48

B_Cerebellum Posterior Lobe – 80 9.59 −6 −81 −30

L_Middle Frontal Gyrus 47 84 −9.48 −36 39 −18

L_Anterior Cingulate Cortex 25 131 −9.72 −6 24 −6

R_Medial Frontal Gyrus 10 371 −15.92 6 63 −3

R_Middle Frontal Gyrus 46 246 11.51 45 48 15

R_Superior Occipital Gyrus 19 160 −9.06 33 −84 24

R_Posterior Cingulate Cortex 30 442 −9.49 6 −51 21

L_Middle Frontal Gyrus 32 1015 34.98 −6 21 39

L_Superior Parietal Lobule 7 320 11.94 −6 −72 57

R_Inferior Parietal Lobule 40 215 14.84 48 −42 39

The statistical threshold was set at p < 0.001, with a cluster size threshold of 75 voxels, which is equivalent to cluster-level p < 0.05, AphaSim corrected. All coordinates
are reported in the MNI format.

FIGURE 2 | Brain activation maps (2-back vs. 0-back) for baseline and exercise sessions separately. Red areas indicate greater activation in
2-back > 0-back. Blue areas indicate lower activation in 2-back > 0-back.
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TABLE 3 | Significant brain activation of paired t-test between children’s baseline and exercise MRI scanning.

Primary regions Brodmann area Size (voxel) Max T- statistic MNI coordinates

x y z

L_Superior/Inferior Parietal Lobule 7/40 497 8.64 −15 −57 45

R_Superior Parietal Lobule 5/7 191 6.57 12 −60 54

L_Hippocampus 20 208 8.23 −30 −30 −12

L_Cerebellum – 347 7.18 −24 −60 −33

R_Cerebellum – 108 6.47 36 −63 −27

The statistical threshold was set at p < 0.025, with a cluster size threshold of 100 voxels, which is equivalent to cluster-level p < 0.05, AphaSim corrected. All coordinates
are reported in the MNI format.

AphaSim corrected. Specifically, the exercise session
resulted in greater activation of SPL, IPL, left Hippocampus
(HIP), and bilateral Cerebellum (Table 3; Figure 3). This
analysis indicated that acute aerobic exercise significantly
increased some regions of brain activities for working
memory.

DISCUSSION

This study investigated behavioral and neural effects of
children’s acute aerobic exercise on a working memory task.
In both baseline and exercise sessions, participants were
tested with a working memory task while being scanned.
The exercise session, an acute aerobic exercise protocol, was
compared to a baseline session without exercise intervention.
Consequently, reliable acute aerobic exercise gains emerged,
allowing us to test for acute aerobic exercise effects on the two
sessions.

Behavioral Performances
A rapidly growing body of literature indicates that, from both
behavioral and neuroelectric perspectives, acute aerobic exercise
improves working memory (Lardon and Polich, 1996; Hillman
et al., 2008; Erickson and Kramer, 2009; Chang et al., 2012,
2013; Chen et al., 2014; Drollette et al., 2014). As observed
here, children’s working memory performance in the exercise
session was better than in the baseline session—in agreement with
previous studies. Accordingly, the present behavior results have
been again verified: acute aerobic exercise beneficially impacts
children’s working memory.

Brain Activation Patterns of Working
Memory
To our knowledge, many previous studies have explored the
macroscale of working memory’s neural system. First, in an
N-back task, the present study successfully induced working
memory’s common brain activation patterns. However, how

FIGURE 3 | The change in children’s brain activation pattern of working memory caused by acute aerobic exercise. Red areas indicate higher activation
in the exercise session relative to the baseline session.
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do working memory’s brain activation patterns run? Cognitive
neuropsychology observations concluded that working memory’s
neural basis is quite widespread, including the cerebral cortex
(e.g., frontal, temporal, parietal, and occipital lobes) and
subcortical areas (e.g., thalamus, amygdala, hippocampus, and
cerebellum) (LaBar et al., 1999; Smith and Jonides, 1999;
Diwadkar et al., 2000; Baddeley, 2003; Osaka et al., 2004; Owen
et al., 2005). Brain areas in our results matched these and
indicated that the N-back task successfully induced working
memory activation patterns.

Second, we compared the exercise session’s brain activation
maps to those of the baseline session. Regarding acute
aerobic exercise-related neural effects, the main findings were
that acute aerobic exercise raised working memory’s brain
activation patterns in bilateral SPL, left IPL, left HIP, and
bilateral cerebellum. These results are fully consistent with
our prediction that acute exercise significantly influenced
working memory’s brain activities. These results may be
of great importance for understanding the neural basis of
acute aerobic exercise’s effect on working memory. Indeed,
prior studies have demonstrated that improved cognitive
function results from brain plasticity changes caused by
aerobic exercise (Kramer and Erickson, 2007; Erickson and
Kramer, 2009; Voss et al., 2013). One finding reported that
high-fitness children showed greater bilateral hippocampal
volumes, positively associated with performance on memory
task (Chaddock et al., 2010); this study first suggested that
aerobic fitness can impact the structure and function of the
developing human brain. Similarly, a recent study suggested
that significant changes after acute aerobic exercise with brain
activation reflected improved working memory in young female
college students (Li et al., 2014). Thus, acute aerobic exercise
could benefit children’s working memory at a macro-neural
level.

What is the meaning of children’s greater brain activation
caused by acute aerobic exercise? Several previous studies
have addressed this question, assisting us to understand these
increases in SPL, IPL, and bilateral cerebellum and hippocampus.
Development of functionality in these areas plays an important
role in cognitive development during childhood, and parietal
cortices are known to be involved in working memory (Jonides
et al., 1998; Culham and Kanwisher, 2001; Koenigs et al., 2009).
Working memory capacity significantly correlated with brain
activities in the parietal gyrus (Vogel and Machizawa, 2004; Todd
and Marois, 2005). Similarly, another study reported that higher
parietal activity was associated with higher working memory
capacity in children (Klingberg et al., 2002). A meta-analysis
concluded that the functional topography of the cerebellum
is particularly involved in sensorimotor, language, spatial, and
working memory (Stoodley and Schmahmann, 2009). Prior
evidence indicated that cognitive training could increase neural
activity in cerebellar circuits in children with ADHD (Hoekzema
et al., 2010). Recent studies of the cerebellum have revealed
connections between the cerebellum and parietal gyrus that

might support cerebellar contributions to working memory
(Allen et al., 2005). The hippocampus plays an important role
in the formation of new memories about experienced events
(Vinogradova, 2001). Moreover, previous observations found
that the parietal lobule is the target of disynaptic output from two
subcortical sites, in which the parietal lobule receives a strong
disynaptic input from the hippocampus and the cerebellum
contains a distinct output channel that targets a portion of the
parietal lobule (Clower et al., 2001). At this point, we speculate
on the neural basis of improved working memory induced
by acute aerobic exercise: Greater activation of the cerebellum
might contribute to the parietal cortex’s better functioning
and strengthened correlations between the hippocampus and
parietal cortex, consequently enhancing children’s working
memory.

This study is not without its limitations. First, a completely
within-subjects design was used in current study in which all
subjects are exposed to every experimental session. The drawback
of this design is the absence of control group. However, this
design ensures that every subject acts at their own control,
so there are few problems with matching age, gender, and
lifestyle, reducing the chances of confounding factors. Second,
generalization of our results is limited by small sample size.
Future studies with a larger sample may be more amenable
to investigate the effect of acute moderate-intensity aerobic
exercise on working memory and its brain activation patterns in
preadolescent children.

CONCLUSION

Here, we suggest that acute aerobic exercise results in children’s
greater cognitive gains. These data extended the current
knowledge base by indicating that acute aerobic exercise
enhances children’s working memory, in which the neural basis
may be related to changes in working memory’s brain activation
patterns elicited by the exercise.
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