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Objectives:  The  aim  of  this  meta-analysis  was  to  provide  a systematic  review  of  intervention  studies  that
investigated  the  effects  of  physical  activity  on  multiple  domains  of  executive  functions,  attention  and  aca-
demic  performance  in  preadolescent  children  (6–12 years  of age).  In addition,  a  systematic  quantification
of  the  effects  of physical  activity  on  these  domains  is  provided.
Design:  Systematic  review  and  meta-analysis.
Methods:  Searches  of  electronic  databases  and  examining  relevant  reviews  between  2000  and  April  2017
resulted  in  31 intervention  studies  meeting  the inclusion  criteria.  Four  subdomains  of  executive  functions
(inhibition,  working  memory,  cognitive  flexibility  and  planning),  three  subdomains  of  attention  (selec-
tive,  divided  and  sustained)  and  three  subdomains  of academic  performance  (mathematics,  spelling  and
reading)  were  distinguished.  Effects  for different  study  designs  (acute  physical  activity  or  longitudinal
physical  activity  programs),  type  of  physical  activity  (aerobic  or  cognitively  engaging)  and  duration  of
intervention  were  examined  separately.
Results:  Acute  physical  activity  has  a positive  effect  on  attention  (g =  0.43;  95%  CI = 0.09,  0.77;  6  studies),
while  longitudinal  physical  activity  programs  has  a positive  effect  on executive  functions  (g =  0.24;  95%

CI =  0.09,  0.39;  12  studies),  attention  (g =  0.90; 95%  CI =  0.56,  1.24;  1 study)  and  academic  performance
(g = 0.26;  95%  CI = 0.02,  0.49;  3 studies).  The  effects  did depend  on the  subdomain.
Conclusions:  Positive  effects  were  found  for physical  activity  on  executive  functions,  attention  and  aca-
demic  performance  in  preadolescent  children.  Largest  effects  are  expected  for  interventions  that  aim  for
continuous  regular  physical  activity  over  several  weeks.

© 2017  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

European preadolescent children (aged 6–12 years) spend
09 min/day (64%) of their school time in sedentary activities, while
pending only 16 min/day (5%) in moderate to vigorous physi-
al activity (MVPA).1 This is concerning because apart from the
lear physical health benefits of MVPA in children,2,3 an expanding
ody of literature shows that MVPA is positively associated with

ey cognitive functions that are important for success in school.4

ecently, many researchers have been focusing on the executive
unctions hypothesis.5 This hypothesis states that MVPA leads to
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increased activity in selective parts of the brain structural network
and especially improves executive functions.5 Executive functions
are higher order cognitive functions that are responsible for initiat-
ing, adapting, regulating, monitoring, and controlling information
processes and behavior.6,7 These functions are often thought of as
an important prerequisite for successful learning in preadolescent
children.7 Other researchers have focused on more lower-order
cognitive tasks, with particular interest in attention.8 Attention is
defined as a cognitive state in which a child focuses on a selection
of available perceptual information.9 Although attention is closely
related to executive functions,10 it can be seen as a lower order
cognitive function and it is mostly measured with performance on

reaction time or other simple decisional tasks.11 Improvements in
these cognitive functions as a result of increased physical activity
may, in turn, improve children’s academic performance.

d.
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Within the preadolescent age range, previous meta-analyses
ave shown that enhanced cognitive functioning as a result of
hysical activity is most clearly seen in executive functions12 and
ttention.8 These cognitive functions are indispensable for suc-
ess throughout life and are often thought of as an important
rerequisite for successful learning.7 Several underlying mecha-
isms might explain the effects of physical activity on cognitive

unctions. First, a single bout of physical activity (acute physi-
al activity) is thought to immediately elevate the child’s level
f physiological arousal, which in turn facilitates the cognitive
erformance by an increased allocation of attention.13,14 From

 psycho-physiological perspective, acute physical activity trig-
ers an increase of neurotransmitters (e.g. epinephrine, dopamine,
rain-derived neurotrophic factors), which are thought to enhance
ognitive processes.15,16 Secondly, according to the cardiovascular
tness hypothesis, an intervention program that contains contin-
ous aerobic physical activity over several weeks (longitudinal
hysical activity program) is thought to improve aerobic fitness
nd consequently improve cognitive performance.17 This hypoth-
sis is supported by the argue that physical activity enhances
he angiogenesis18 and neurogenesis16 in areas of the brain that
upport memory and learning, subsequently enhancing cogni-
ive performance.19 More recently, other researchers argue that
nstead of ‘simple’ aerobic physical activity (i.e. physical activity
hat is intended to improve cardiovascular performance), cog-
itively engaging physical activity (i.e. physical activity that is
ognitively challenging) is more beneficial for cognition.20–22 Cog-
itive engagement is the amount of both the allocation of attention
nd the cognitive effort that are needed for a certain activity.20,23

hysical activities with a relatively high cognitive engagement (e.g.
ennis, where children have to plan strategically, focus attention,
nd so forth) are suggested to have more effect on executive func-
ions, compared to physical activities with a relatively low cognitive
ngagement (e.g. long distance running, which involves more auto-
ated movements).20,22 These different underlying mechanisms

uggest that the effects for physical activity to improve attention,
xecutive functions and academic performance in children might
epend on the duration or type (aerobic vs cognitively engaging)
f physical activity is chosen.

Previously, studies have mainly focused on the association
etween physical activity and overall cognitive functioning in
hildren. The results from a previous meta-analysis showed a
ositive association between physical activity and overall cogni-
ive functioning in children (effect size [ES] = 0.21; 8–10 years).24

eta-analyses on studies allowing the investigation of causal rela-
ionships showed significant positive effects of physical activity
n children’s executive functions (ES = 0.57; 6–12 years)12 and
cademic performance (ES = 0.27; 3–18 years).4 In these previ-
us meta-analyses only a few intervention studies investigated
he causal effects in preadolescent children, especially those inter-
ention studies that implemented a longitudinal physical activity
rogram.12 More recently, several randomized controlled trials
ave become available, aimed at investigating the effects of acute
hysical activity and longitudinal physical activity programs on
ognitive functioning in preadolescent children.20,25,26

The current meta-analysis updates and expands previous meta-
nalyses by including only studies that investigate the effects of
cute physical activity or longitudinal physical activity programs
ith an appropriate control group. All correlational studies were

xcluded from the present meta-analysis, as these designs do not
llow investigation of causal effects. In addition, uncontrolled stud-
es were excluded, because these designs do not allow conclusions

n whether the possible improvements would also have been found
f the participants had been exposed to another intervention not
nvolving physical activity.27 The aim of the present meta-analysis
s to provide a systematic review of all available studies that inves-
edicine in Sport 21 (2018) 501–507

tigated the effects of physical activity on multiple domains of
executive functions, attention and academic performance in pread-
olescent children. In addition, a systematic quantification of the
effects of physical activity on these domains is provided.

2. Methods

The electronic databases PubMed, Web  of Science, MEDLINE
and ERIC were searched for studies that investigated the effects
of physical activity on attention, executive functions and/or aca-
demic performance. Key search terms included the words physical
activity, physical fitness, executive functions, cognition, academic
performance and children. Medical Subject Headings (MeSH)
terms, free text words and all possible equivalents were used
(Table 1S, see Supplementary material). The current meta-analysis
included all studies that: (a) investigated the effects of physical
activity on executive functions, attention and/or academic perfor-
mance, (b) were written in the English language and published
between 2000 and April 2017, (c) focused on primary school
children between the age of 6–12 years, (d) included a random
assignment or matching with appropriate adjustments for any
pre-test differences28 and (e) included outcome variables mea-
suring executive functions, attention or academic performance
on interval- or ratio-level scale. Exclusion criteria for the current
meta-analysis were: (a) studies targeting special populations (e.g.
children with mental or cognition disorders, nervous system dis-
eases or brain injuries), (b) studies without appropriate control
conditions or groups29 and (c) studies of which the intervention
consisted of more than just specific physical activity (e.g. inter-
ventions that included physical active and cognitive tasks). The
PRISMA-statement for reporting systematic reviews and meta-
analysis was  used as a guideline to conduct the review.30 A trained
research assistant screened the titles of all studies retrieved from
the electronic databases for potentially suitable studies, after which
the trained research assistant and the first author screened the
abstracts of the selected studies. If there was  a doubt about the suit-
ability of the study based on the abstract, the authors assessed the
eligibility based on the full text of the article. The reference list of
relevant reviews were searched for additional studies. Lead authors
from studies without details that allowed for the calculation of ESs
were contacted by email to retrieve missing details.

After removing duplicates and adding 7 studies from previous
reviews, our initial electronic search yielded 3032 studies that were
reviewed based on their title (Fig. 1). Seventy five (n = 75) full-text
articles were reviewed, after which 41 were excluded (Table 2S,
see Supplementary material). Common exclusion reasons were:
studies without appropriate control conditions or groups (n = 9),
cognitive tests that did not explicitly assess executive functions
(n = 7), ages of participants were (partly) outside of target age range
(n = 7) or interventions that combined physical activity with aca-
demic assignments (n = 6). Finally, one study was  excluded because
additional details were needed to calculate an ES and we received
no response on our email nor on our reminder.31 Thus, a total of
31 studies (4593 children) were included in the meta-analysis. The
characteristics of the included studies can be found in Table 3S (see
Supplementary material).

The study quality of the selected studies was assessed indepen-
dently by a research assistant and the first author according to the
Physiotherapy Evidence Database (PEDro) scale. The PEDro scale is
an 11-item scale which has been used extensively in meta-analyses
and reliably assesses randomization, blinding, intention-to-treat,

between-group comparison and measures of variability.32 Scores
on the PEDro scale range between 0 and 10 (one item pertains
external validity and is not used to calculate the score). An ade-
quate quality is defined as a study having an adequate generation
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Fig. 1. PRISMA flow diag

f random sequence, concealment of allocation and blinding of out-
ome assessors.33 This is represented by a PEDro summary score
f at least 5 points.33 Discrepancies regarding study quality were
iscussed until consensus was reached.

Statistical analysis was performed using Comprehensive Meta-
nalysis (version 2.2). First, studies were coded in terms of study
esign, distinguishing between studies investigating acute physi-
al activity or a longitudinal physical activity program. Secondly,
rimarily for the purpose of the aim, three separate meta-analyses
ere conducted for the domains executive functions, attention and

cademic performance. Third, a subgroup analysis was  conducted
or several subdomains. Four subdomains of executive functions
ere distinguished: inhibition, working memory, cognitive flexi-

ility and planning. These subdomains were chosen because they
re relatively easy to operationalize and are likely to be impli-
ated in the performance of the tests used in most of the included
tudies.6,34,35 Three subdomains of attention were distinguished:
elective, divided and sustained.36 In addition, three subdomains of
cademic performance were distinguished: mathematics, spelling

nd reading. Fourth, two additional meta-analysis were conducted
or aerobic and cognitively engaging physical activity. Last, a meta-
egression was  conducted to investigate the effects of duration for
f the selection of studies.

acute physical activity (in minutes) and for the longitudinal physi-
cal activity program (in weeks).

No statistical comparisons were made between the domains and
subdomains because data from multiple domains and subdomains
came from the same children making it unlikely that the assump-
tion of independence was  true. To control for dependency between
multiple outcome variables (e.g. accuracy and reaction time) within
a subdomain (e.g. inhibition), a mean ES of the outcome variables
was used. In case of multiple independent subgroups within a study
(e.g. multiple intervention groups), subgroup was  used as the unit
of analysis. To adjust for respective sample sizes, Hedges’ adjusted g
was used and studies were weighted by the study inverse variance.
The magnitude of Hedges’ g was  interpreted using Cohen’s guide-
lines, distinguishing between small (<0.2), moderate (0.5), and large
(>0.8) ESs.37 We  used a random effects approach to compute over-
all ESs.38 Several studies collected data at multiple points. In such
cases, only the baseline scores and the scores closest to the end of
the intervention were used to calculate the ES. Heterogeneity of
each effect was assessed using the I2 and Q statistics.38 The pres-

ence of a publication bias for executive functions, attention and
academic performance was  assessed by using a funnel plot, calcu-
lating the Rosenthal’s fail-safe N and performing the Egger’s linear
regression method. The moderation effect of duration was inves-
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Table 1
Individual effect sizes for each subgroup within the included studies.
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igated with a fixed effects meta-regression analysis. Statistical
ignificance was adopted for all tests when p < 0.05.

. Results

The ESs of the individual studies can be found in Table 1. The
unnel plot resembled a funnel and the Egger’s linear regression

ethod was non-significant for executive functions, attention and
cademic performance indication that there was no evidence of
ublication bias. There were however considerable differences
etween the ESs derived from the individual studies [I2 = 84%;

 = 286.87; p < 0.001]. The mean PEDro score was 4.3 (below
dequate) and had a range between 2 (below adequate) and 7
adequate) (Table 3S, see Supplementary material).

Seventeen studies (s = 17) were included that examined the
ffects of acute physical activity on cognitive functions [I2 = 87%;

 = 217.18; p < 0.001], which resulted in a total of 29 comparisons
k = 29).25,39–54 Of these studies, 10 (59%) reported positive findings
n at least one of the outcome measures,25,40–42,44–48,53 six stud-
es (35%) reported no significant findings39,49–52,54 and one study
6%) reported a negative finding.43 Overall, acute physical activity
esulted in a small to moderate improvement of cognitive functions
Hedges’ g = 0.24; 95% CI = 0.08, 0.40; p = 0.004] (Table 2).

No significant effect was found for acute physical activity on
xecutive functions (s = 9, k = 15). When looking at the subdomains
f executive functions, a small to moderate positive effect of acute
hysical activity was found for inhibition [Hedges’ g = 0.28; 95%
I = 0.01, 0.56; p = 0.042]. No significant effect was found for work-

ng memory (s = 4, k = 6) or cognitive flexibility (s = 5, k = 8). No

tudies investigated the effects of acute physical activity on plan-
ing.

Six studies focused on the effects of acute physical activity on
elective attention (k = 11),25,43,48,50,51,53 with considerable differ-
ences between the ESs [I2 = 76%; Q = 41.31; p < 0.001]. No studies
focused on sustained or divided attention. Overall, acute physical
activity resulted in a small to moderate improvement of selective
attention [Hedges’ g = 0.43; 95% CI = 0.09, 0.77; p = 0.013].

No overall significant effect was found for acute physical activ-
ity on academic performance (s = 4, k = 5), with minor differences
between the studies [I2 = 26%; Q = 5.39; p = 0.250].42,45,46,52 Investi-
gating each distinguished subdomain of academic performance, a
small to moderate effect was found for spelling [Hedges’ g = 0.25;
95% CI = 0.03, 0.48; p = 0.030] (s = 2, k = 3).42,45 No significant effects
were found for mathematics (s = 4, k = 5)42,45,46,52 and reading (s = 3,
k = 4).42,45,52

Of the studies that investigated the effects of acute physical
activity, 15 studies (k = 24) focused on the effects of aerobic physi-
cal activity, resulting in a small to moderate positive effect [Hedges’
g = 0.28; 95% CI = 0.09, 0.46; p = 0.004].25,39–46,48,49,51–54 Five stud-
ies (k = 5) focused on the effects of cognitively engaging physical
activity which showed no significant effect.39,43,47,50,51 To include
all studies in the meta-regression, a correction on the standard
errors (dividing the standard error by the square root of the num-
ber of comparisons) was applied for one study that used different
durations of acute physical activity.46 Duration (in minutes) had
no significant influence on the effects of acute physical activity
(� < 0.001; p = 907).

Fourteen included studies (k = 18) implemented a longitudinal
physical activity program and examined the effects on cognitive
functions [I2 = 65%; Q = 48.46; p < 0.001].20,26,55–66 Nine of these
studies (64%) reported positive findings on at least one of the
outcome measures,20,26,56,58,59,61–63,66 five studies (36%) reported
no significant finding55,57,60,64,65 and no studies reported a neg-

ative finding. Longitudinal physical activity programs resulted in
an overall small to moderate improvement of cognitive functions
[Hedges’ g = 0.37; 95% CI = 0.20, 0.55; p ≤ 0.001].
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Table  2
Meta-analytic results with potential moderators affecting the effects of physical activity on cognitive performance.

Sample size k Meta-analytic effect size Heterogeneity

Hedges’ g 95% CI p-value I2 Q p-value

Acute physical activity 2827 29 0.24 [0.08, 0.40] 0.004 87.11 217.18 <0.001
Domains
Executive functions 1384 15 0.20 [−0.04, 0.42] 0.096 91.03 156.02 <0.001

Inhibition 349 10 0.28 [0.01, 0.56] 0.042 77.64 40.25 <0.001
Working memory 1084 6 0.27 [−0.12, 0.66] 0.176 95.88 121.38 <0.001
Cognitive flexibility 458 8 0.30 [−0.14, 0.73] 0.182 88.29 59.80 <0.001
Planning – – – – – – – –

Attention 616 11 0.43 [0.09, 0.77] 0.013 75.79 41.31 <0.001
Academic performance 941 5 0.09 [−0.05, 0.22] 0.196 25.76 5.39 0.250

Mathematics 941 5 −0.18 [−0.48, 0.13] 0.254 84.27 25.42 <0.001
Reading 847 4 0.17 [−0.08, 0.41] 0.185 57.75 7.10 0.069
Spelling 56 3 0.25 [0.03, 0.48] 0.030 <0.01 0.52 0.772

Type  of physical activity
Aerobic 2472 24 0.28 [0.09, 0.46] 0.004 89.31 215.21 <0.001
Cognitively engaging 355 5 0.07 [−0.11, 0.25] 0.424 <0.01 1.95 0.745

Longitudinal physical activity 1766 18 0.37 [0.20, 0.55] <0.001 64.92 48.46 <0.001
Domains
Executive functions 1179 15 0.24 [0.09, 0.39] 0.001 34.00 21.21 0.096

Inhibition 688 7 0.19 [−0.04, 0.42] 0.097 49.72 11.93 0.063
Working memory 579 8 0.36 [0.10, 0.62] 0.007 56.79 16.20 0.023
Cognitive flexibility 556 4 0.18 [0.01, 0.35] 0.040 4.79 3.15 0.369
Planning 394 4 0.12 [−0.08, 0.32] 0.224 <0.01 0.78 0.855

Attention 299 2 0.90 [0.56, 1.24] <0.001 51.49 2.06 0.151
Academic performance 565 4 0.26 [0.02, 0.49] 0.032 38.84 4.91 0.179

Mathematics 231 2 0.09 [−0.17, 0.35] 0.490 <0.01 <0.01 0.983
Reading 277 3 0.15 [−0.15, 0.46] 0.316 35.31 3.10 0.213
Spelling 46 1 0.34 [−0.23, 0.92] 0.243 – – –

Type  of physical activity
Aerobic 1231 12 0.29 [0.13, 0.45] 0.001 43.23 19.38 0.055
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ote: k = number of comparisons.

A small to moderate positive effect was found for longitudi-
al physical activity programs on executive functions [Hedges’

 = 0.24; 95% CI = 0.09, 0.39; p = 0.001] (s = 12, k = 15).20,26,56–60,62–66

nvestigating the subdomains of executive functions, a small to
oderate positive effect was found for working memory [Hedges’

 = 0.36; 95% CI = 0.10, 0.62; p = 0.007] (s = 6, k = 8)20,57,58,62,63,66 and
 small positive effect was found for cognitive flexibility [Hedges’

 = 0.18; 95% CI = 0.01, 0.35; p = 0.040] (s = 3, k = 4).20,26,66 No sig-
ificant effects of longitudinal physical activity programs were

ound for inhibition (s = 6, k = 7)20,26,56,57,65,66 and planning (s = 4,
 = 4).59,60,64,66

One study (k = 2) found a large positive effect of a longitudinal
hysical activity program on selective attention [Hedges’ g = 0.90;
5% CI = 0.56, 1.24; p = < 0.001].61 No studies focused on sustained
r divided attention.

Three studies (k = 4) focused on the effects of a longitudinal
hysical activity program on academic performance, with minor
ifferences between the studies [I2 = 39%; Q = 4.91; p 0.179].55,58,59

n overall small to moderate positive effect was  found on aca-
emic performance [Hedges’ g = 0.26; 95% CI = 0.02, 0.49; p = 0.032].
owever, investigating each distinguished subdomain of academic
erformance, no significant effects of longitudinal physical activity
ere found for mathematics (s = 1, k = 2),59 reading (s = 2, k = 3)58,59

nd spelling (s = 1, k = 1).58

Investigating the type of physical activity within studies that
mplemented a longitudinal physical activity program, 11 stud-
es (k = 12) focused on aerobic physical activity20,26,55,56,59–65

nd five studies (k = 6) focused on cognitively engaging physical
ctivity.57,58,61,63,66 A small to moderate positive effect was found

or aerobic [Hedges’ g = 0.29; 95% CI = 0.13, 0.45; p = 0.001] and a

oderate to large positive effect for cognitively engaging physical
ctivity [Hedges’ g = 0.53; 95% CI = 0.14, 0.92; p = 0.008]. Duration
[0.14, 0.92] 0.008 78.87 23.67 <0.001

(in weeks) had no significant influence on the effects of longitudinal
physical activity programs (� < 0.001; p = 0.952).

4. Discussion

The current meta-analysis investigated the effects of physical
activity on executive functions, attention and academic perfor-
mance in preadolescent children based on the outcome data of 31
studies. The meta-analysis showed that acute physical activity has
a positive small to moderate effect on attention (ES = 0.43), while
longitudinal physical activity programs has a positive small to mod-
erate effect on executive functions (ES = 0.24), a positive large effect
on attention (ES = 0.90) and a positive small to moderate effect on
academic performance (ES = 0.26).

This meta-analysis expanded the evidence by examining the
results of 9 recent studies that aimed to investigate the effects
of acute physical activity on executive functions in preadolescent
children. For acute physical activity (i.e. a single bout of physical
activity), no effect was  found in the current meta-analysis, while
a moderate to large positive effect (ES = 0.57; s = 2) was found in
Verburgh et al.12 The reason for this difference is likely due to the
inclusion of a larger number of studies in the current meta-analysis
(s = 9) which may  reflect a more reliable result. Despite the inclu-
sion of a large number of studies, still large ES differences between
studies were found. The effects largely depend on different modera-
tors, such as outcome measure,40,41,45,49 duration46 or effects were
only found in a subgroup.39,41,44 The positive small to moderate
effect of acute physical activity on attention (ES = 0.43) is compa-
rable with the small to moderate effect found in the meta-analysis

by Chang et al.8 (ES = 0.42). These findings are in accordance with
the hypothesis that acute physical activity immediately facili-
tates the cognitive performance by increasing the allocation of
attention.13,14 The combined finding that acute physical activity
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dren’s achievement and cognitive outcomes: A meta-analysis. Res Q Exerc Sport
2011; 82(3):521–535.

5. Colcombe SJ, Kramer AF. Fitness effects on the cognitive function of older adults:
a  meta-analytic study. Psychol Sci 2003; 14(2):125–130.
06 J.W. de Greeff et al. / Journal of Scienc

as an effect on attention and inhibition (ES = 0.28), while no effect
n other domains of executive functions (e.g. working memory,
ognitive flexibility and planning) supports the hypothesis that
ttentional problems in children are related with specific domains
f executive functions, particularly with inhibition.10 In addition,
he positive effects on attention are expected to increase the time
hildren are engaged in academic subjects,67 with better academic
erformance in the long term.

For longitudinal physical activity programs (i.e. continuous
egular physical activity over several weeks), a positive small
o moderate effect on executive functions (ES = 0.24) was found,
hich is slightly lower than the positive small to moderate effect

n executive functions (ES = 0.46) found in a previous meta-analysis
ncluding both children and adolescents.22 Verburgh et al.12 found
o significant effect of longitudinal physical activity programs
s = 3), which might be explained by the inclusion of a larger num-
er of studies in the current meta-analysis (s = 12). With regard to
cademic performance, a small to moderate effect of longitudinal
hysical activity programs was found (ES = 0.26). These effects are
imilar with the small to moderate effects found by Fedewa and
hn4 (ES = 0.27). There is an increasing pressure to reduce time

n the school curriculum for physical education, in order to make
oom for learning academic skills such as spelling, mathematics
nd reading. It is therefore important to acknowledge the positive
ffect of physical activity on academic performance.68 Interest-
ngly, the meta-analysis by Fedewa and Ahn4 found the highest
ffect on mathematics and closely followed by reading, while no
ffect was found on any of the subdomains (mathematics, read-
ng and spelling) in the current meta-analysis. It seems unlikely
hat this difference is explained because of an age difference, since
edewa and Ahn4 found the highest ESs on academic performance
or children at the elementary school level, compared with the

iddle and high school levels. By focusing only on preadolescent
hildren, the number of studies per subdomain of academic perfor-
ance in the current meta-analysis was low. Therefore, the results

f the subdomains of academic performance should be interpreted
ith caution and possibly explaining the differences between the

urrent results and the ones found by Fedewa and Ahn.4

Interestingly, the longitudinal physical activity programs that
ocused on cognitively engaging physical activity (s = 11) showed

 moderate to large positive effect (ES = 0.53), while aerobic phys-
cal activity showed a small to moderate positive effect (ES = 0.29).
or cognitively engaging physical activity, a child has to allocate a
igh amount of attention and cognitive effort.23 It is thought that by
pecifically selecting physical activities with a relatively high cogni-
ive engagement, performance on cognitive functions will increase.
lthough both types of physical activity showed beneficial effects,

he current findings suggests that physical activity with a higher
ognitive engagement has more effect on executive functions com-
ared to aerobic physical activity. This finding is supported by the
ecent meta-analysis that compared the effects of different types of
ongitudinal physical activity programs on cognitive functioning in
hildren and adolescents.22 This makes cognitively engaging phys-
cal activity an interesting focus for future intervention programs.

Some limitations should be considered before drawing con-
lusions. First, although different types of moderators that might
ave influenced the size of the effects of physical activity were

nvestigated, there are additional moderators not included in the
urrent meta-analysis that might have an effect on the physiologi-
al responses of physical activity. For example, it is recommended
hat future studies test different exercise intensities and initial fit-
ess levels. It has been suggested that there is an inverted-U effect

ith MVPA showing the largest effect on cognition, whereas light

nd vigorous physical activity showing smaller effects.69 Neverthe-
ess, almost all studies that focused on the effects of physical activity
n cognitive performance in children were conducted with mod-
edicine in Sport 21 (2018) 501–507

erate to vigorous intensities.21 Secondly, the current meta-analysis
only included studies that were published after 2000 and that con-
tained a control condition with no or a lower amount of physical
activity. Although this resulted in excluding only a small amount of
studies, the inclusion of these studies would limit the generalizabil-
ity of our findings. Including different types of control conditions
would require additional comparisons, for which we would like to
refer to a recent meta-analysis by Vazou et al.22

5. Conclusions

Based on the results of the current meta-analysis positive effects
were found for both acute physical activity as well as for longi-
tudinal physical activity programs on cognitive functions (in the
current study a combined effect of the domains executive functions,
attention and academic performance) in preadolescent children.
The positive effects of acute physical activity were only found for
attention, while the positive effects of longitudinal physical activity
programs were consistent for all domains. The results indicate that
benefits are largest for continuous cognitively engaging physical
activity over several weeks.

Practical implications

- Single bout of physical activity can be a successful strategy to
stimulate attention, but not executive functions or academic per-
formance in children between the age of 6 and 12 years.

- Intervention programs that implement continuous regular phys-
ical activity over several weeks are more likely to improve
executive functions and academic performance than a single bout
of physical activity.

- Interventions programs over several weeks that include cogni-
tively challenging physical activities seem to be more effective in
improving cognitive performance than aerobic physical activity.
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