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Abstract
Background: There has been an increase in the number of studies examining the 
effect of acute and chronic physical activity on academic outcomes in children 
and adolescents in the last two decades. We aimed to systematically determine 
the acute effects of physical activity on academic outcomes in school-aged youth 
and to examine possible moderators.
Methods: We conducted a systematic search using PubMed, Web of Science, 
SPORTDiscus, and PsycINFO databases (from inception to 11th January 
2023) for studies assessing the acute effects of physical activity on academic 
performance-related outcomes in school-aged youth. A univariate and multivari-
ate meta-analysis was conducted based on a random-effects model with restricted 
maximum likelihood used to pool the academic outcomes results (Hedge's g).
Results: We included 11 articles (803 children and adolescents [range: 6–16 years]) 
in the systematic review. Overall, acute physical activity increased academic out-
comes (Hedge's g = 0.35, 95% CI: 0.20–0.50). Multivariate meta-analyses revealed 
that physical activity increased academic performance in mathematics (Hedge's 
g = 0.29, 95% CI: 0.16–0.42) and language (Hedge's g = 0.28, 95% CI: 0.09–0.47). 
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1   |   INTRODUCTION

Physical inactivity is a global problem and less than one in 
five school-aged youth meet the physical activity recom-
mended guidelines.1,2 Thus, there is a strong rationale for 
the public health agenda of promoting physical activity to 
improve physical, psychological and cognitive health in 
children and adolescents.3,4 In the last two decades, there 
has been an increase in the number of studies examining 
the effect of acute and chronic physical activity on aca-
demic outcomes in children and adolescents. However, 
previous research from systematic reviews and meta-
analyses revealed ambiguous evidence, owing to the fact 
that not all physical activity interventions result in sig-
nificant gains in academic outcomes.5–9 In this scenario, 
academic outcomes include students' achievement and 
participation in educational activities (e.g., subject grades, 
standardized tests and batteries, and classroom behavior). 
On the other hand, acute physical activity refers to a single 
bout of physical activity, while chronic physical activity 
can be defined as repeated bouts over a short- or long-term 
period.10 To date, the mechanisms governing the “physical 
activity–academic performance” relationship are not fully 
understood, although some potential candidate mecha-
nisms have been proposed.11

Acute physical activity interventions can take diverse 
forms and be implemented in different settings.12 Thus, 
depending if the physical activity occurs in schools (during 
class) or in other settings, in relation to a learning task or 
academic curriculum, or including cognitive content, they 
are being referred to differently (e.g. classroom movement 
behavior, physically active learning, active breaks or acute 
physical activity). To date, five systematic reviews (three 
including meta-analyses) have been conducted to examine 
the acute effects of various forms of physical activity on 
academic outcomes, showing inconclusive results.9,12–15

Relatively little is known about the quantitative (e.g., 
time and intensity) and qualitative (e.g., type of activ-
ity and context of activity) characteristics of physical 

activity that may enhance or impede the acute effects 
on academic performance in school-aged youth. While 
the above evidence has provided a platform to under-
stand the dose–response (duration and intensity) effect 
of acute physical activity on overall cognitive function, 
it remains to be elucidated whether such evidence 
translates to specific domains of academic performance. 
Additionally, moderators regarding participant-, inter-
vention-, context-, outcome- and study level have been 
scarcely investigated.5 Further, the research on these 
putative moderators has mostly focused on the mag-
nitude of the effects of physical activity on cognitive 
rather than academic outcomes. For instance, the effect 
sizes (ES) of an exercise program on brain health out-
comes (including academic performance) of 109 chil-
dren aged 8–11 years with overweight or obesity were 
virtually consistent across sex, age, and maturation, in-
dicating the absence of a moderating effect at the par-
ticipant's level.16 In contrast, at the intervention level 
the meta-analyses of Ludyga et al.,17 which include 80 
randomized controlled trials, encountered that longer 
intervention length, longer session duration, and coor-
dinative exercises demonstrated greater advantages of 
exercise on cognitive function. Another reasonable idea 
at the context level is that the place (school vs. labora-
tory settings) of the acute physical activity intervention 
may moderate the magnitude of the effects.18 In this 
context, behavior change techniques are approaches for 
influencing and modifying individual behaviors during 
physical activity interventions to improve outcomes.19 
The behavior change techniques that have consistently 
shown promising results in physical activity interven-
tions are goal setting, self-monitoring, intention for-
mation, and review of behavioral goals.20,21 In acute 
studies these techniques may moderate the effectiveness 
of physical activity interventions by influencing partic-
ipants' motivation, self-efficacy, social support, and en-
gagement.22 However, evidence of the moderation effect 
of behavior change techniques on academic outcomes is 

Only behavior change techniques (Hedge's g = 0.54, 95% CI, 0.18–0.90, p < 0.001) 
played a significant role in this relationship.
Conclusions: A single bout of physical activity can improve academic outcomes 
in school-aged youth, which may serve as a complementary tool for the educa-
tional field. However, the observed heterogeneity in the results indicates that we 
should interpret the findings obtained with caution.

K E Y W O R D S

academic achievement, active breaks, classroom behavior, motor activity, physically active 
learning
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scarce and necessitates further exploration. Collectively, 
deciphering if acute physical activity interventions are 
equally effective at influencing academic performance 
regarding certain mediators at different levels remains 
to be clarified.

The primary aim of our systematic review and meta-
analysis was to analyze the effects of acute bouts of 
physical activity on academic outcomes in children and 
adolescents. Our secondary aim was to determine poten-
tial quantitative (e.g., duration and intensity) and qualita-
tive (e.g., setting) moderators of effects.

2   |   METHODS

2.1  |  Protocol and registration

The design, conduct and reporting of our systematic review 
and meta-analysis conform to the Cochrane Handbook 
for Systematic Reviews of Interventions, the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) and the PERSiST (implementing Prisma in 
Exercise, Rehabilitation, Sport medicine and SporTs sci-
ence) guidance.23,24 Our review protocol was registered in 
PROSPERO (CRD42022355267).

2.2  |  Search strategy

We conducted a systematic search in the following elec-
tronic databases: PubMed, Web of Science, SPORTDiscus 
and PsycINFO (with no restriction on the starting date 
and up to January 11th, 2023). Two reviewers (AM-M and 
JSM) independently searched articles published in Span-
ish and English, supplemented by a manual search, and 
retrospectively included references if necessary. Our key-
word search strategy was based on the PICOS criteria and 
key search terms were pooled into three themes before 
being combined for the final search.

Based on the PICOS criteria, studies were identified 
using all possible combinations of the following groups 
of search terms: (a) “child*” OR “adolesc*” OR “young*” 
OR “youth” OR “student*” OR “teena*”; (b) “maths*” 
OR “spell*” OR “read*” OR “grade point average” OR 
“school grade” OR “numeracy” OR “academic perfor-
mance” OR “academic achievement” OR “academic be-
havior” OR “classroom behavior” OR “time on task”; (c) 
“active breaks” OR “single bouts” OR “acute exercise” 
OR “acute physical activity” OR “classroom movement 
breaks” OR “physically active learning” OR “classroom 
activity breaks”. We adapted the search terms for each 
database in combination with database-specific filters. Ti-
tles, abstracts, and full texts were assessed for eligibility 

for potential inclusion. The complete equation search is 
provided in Tables S2–S5.

2.3  |  Selection criteria

Studies were eligible for inclusion if they met all the fol-
lowing criteria (PICOS criteria)23: (i) participants: chil-
dren and adolescents aged 5–17 years old; (ii) intervention: 
acute physical activity (we set the threshold of only one 
session of physical activity as “acute”); (iii) comparison: 
no exercise, rest or any sedentary activity; (iv) outcome: 
pre-post changes in academic performance (Table S1 
shows the academic performance constructs and catego-
ries included); and (v) study design: between-participants 
pre-post comparison, within-participants crossover post 
comparison, or within-participants crossover pre-post 
comparison.10 Searching was restricted to articles pub-
lished in English-  and Spanish-language peer-reviewed 
journals. Exclusion criteria were studies conducted in 
populations of other ages, studies with no control session, 
gray literature, and qualitative and case studies.

2.4  |  Selection process

After identifying eligible studies, we used Mendeley 
(version for Windows 10, Elsevier) to remove duplicate 
studies. Two authors (AM-M and JSM) conducted the 
selection process independently and screened every title 
and abstract to identify potentially relevant articles to be 
reviewed in the full-text phase. A third researcher (OMQ) 
participated to resolve any discrepancies.

2.5  |  Data collection process

The following information on the included studies was 
extracted: (i) the country in which the study was con-
ducted; (ii) information regarding the study population 
(sample size, age, sex); (iii) intervention features (e.g., 
setting, experimental design, study quality, number of 
experimental conditions, session length, time of the day, 
behavior change techniques, type of physical activity, 
physical activity duration, physical activity intensity, 
and time of test administration); (iv) academic perfor-
mance tasks (e.g., school grades, classroom behavior); 
(v) main results; and (vi) pre-post changes mean and 
standard deviation in academic performance outcomes 
for experimental and control groups. When the stand-
ard error was reported instead of the standard deviation, 
the latter was obtained through the formula of Altman 
& Bland.25 If needed, data from figures were extracted 
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using specific software (Web Plot Digitizer v4.5). We 
contacted the corresponding author of the studies that 
did not report the required data. The data were then in-
dependently checked by a second author.

2.6  |  Quality of evidence

The Physiotherapy Evidence Database (PEDro) was 
used to appraise each study critically.26 This tool con-
sists of 11 domains and was designed to measure the 
methodological quality of each trial (criteria are detailed 
in Table S6). Two reviewers independently assessed the 
risk of bias in the included reviews (AM-M and JSM). 
Disagreements were resolved through discussion with a 
third reviewer (OM-Q).

2.7  |  Data analysis

Univariate analyses were carried out with STATA soft-
ware using admetan and lfk modules (v17; StataCorp, 
College Station). Random-effect models with restricted 
maximum likelihood were used. The ES was expressed as 
Hedge's g to correct for possible small sample bias.

An overall effect of acute physical activity on aca-
demic outcomes was determined. Also, separate pooled 
analyses were conducted on the following academic per-
formance outcomes based on the available data: math-
ematics, language, and classroom behavior. To avoid 
double-counting and following the Cochrane Handbook 
recommendations, when a study included more than 
two arms in comparison with a control group, we halved 
the number of participants in the control group for each 
of the comparisons.27 Heterogeneity across studies was 
calculated using the inconsistency index (I2), derived 
from the Cochran Q statistic: negligible heterogeneity, 
0%–40%; moderate heterogeneity, 30%–60%; substantial 
heterogeneity, 50%–90%; and considerable heterogene-
ity, 75%–100%.28 Lastly, small-study effects and publica-
tion bias were examined using the Doi plot and the Luis 
Furuya-Kanamori (LFK) index.29 LFK values beyond ±1 
are considered to be indicative of minor asymmetry; val-
ues ±2 indicate major asymmetry and suggest the pres-
ence of publication bias.

Whenever possible, sub-group analyses were used 
according to the type of skill in mathematics (i.e., math 
tests and arithmetic tests) and language (i.e., spelling, 
reading, and sentence comprehension), age (children 
and adolescents), setting (school or other), experimental 
design (within or between design), study design (cross-
over vs. others), number of experimental conditions (≤2 
or >2), behavior change techniques (yes or no), type of 

physical activity (aerobic or combined), physical activity 
duration (<20 min or ≥20 min), physical activity inten-
sity (moderate-to-vigorous or other intensities), time of 
test administration (<20 min or ≥20 min after exercise). 
We considered moderation when the difference between 
groups was p ≤ 0.10.30

We conducted a sensitivity analysis to assess the robust-
ness of the summary estimates and to determine whether 
a particular study accounted for the inconsistency. To ex-
amine the effects of each result from each study on the 
overall results, results were analyzed with each study re-
moved from the model once. Additional random-effects 
multivariate meta-analysis with restricted maximum like-
lihood was also carried out using the STATA procedure 
mvmeta.31 Multivariate meta-analysis is different from 
pairwise (univariate) meta-analysis as it allows for mul-
tiple outcomes to be included by considering the correla-
tion between outcomes (i.e., in our study the correlations 
among mathematics performance, language performance 
and behavior control). Based on prior research, we ad-
opted a within-study correlation of 0.42 for each multivar-
iate meta-analysis.32

3   |   RESULTS

3.1  |  Study selection

From the retrieved articles, 11 studies were included in 
the systematic review and meta-analyses (Figure  1; ar-
ticles removed and reasons for exclusion are shown in 
Table S7). This included 803 participants in total (43% fe-
male, although two studies did not specify the sex of the 
participants33,34). The characteristics of the different stud-
ies are shown in Table 1 and Table S8.33–43

3.2  |  Participants

Sample sizes ranged from 18 to 244 participants, with an 
age range of 6 to 16 years. One study included 50% of the 
sample size of children with attention deficit/hyperactiv-
ity disorder.43

3.3  |  Intervention characteristics

The physical activity interventions lasted from four to 
30 min,35,42 with 20 min being the most common bout 
duration.36,39–41,44 Physical activity modality differed 
across studies yet with most (n = 8) applying an acute 
aerobic exercise.34,36,38–43 A smaller number of studies 
consisted of strength exercises,39 a combination of both 

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14479 by U
niversidad D

e G
ranada, W

iley O
nline L

ibrary on [30/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  5MUNTANER-­MAS et al.

aerobic and strength exercises33,37 or high-intensity in-
terval training.35 The intensity was also heterogeneous, 
ranging from 50% of maximum heart rate (HRmax) or re-
serve to 85% of HRmax. In one study,41 participants were 
asked to achieve a heart rate of 150 beats per minute. 
Four of the included studies categorized the intensity of 
the intervention as vigorous, moderate, low-moderate or 
moderate-vigorous physical activity but without specify-
ing to which specific intensity (i.e., % HRmax) these catego-
ries corresponded.33,35,37,38

3.4  |  Data synthesis

Table  2 shows quantitative data of the studies included 
in the systematic review and meta-analysis. Overall, our 
meta-analysis demonstrated that acute physical activ-
ity increased academic performance (Hedge's g = 0.35, 
95% CI, 0.20–0.50, p < 0.001, I2 = 53.96%) and no asym-
metry suggestive of small-study effects was observed 
(LFK index = 1.10) (Figure S1). Regarding moderators, 
programs that included behavior change techniques re-
sulted in larger effects (Hedge's g = 0.54, 95% CI, 0.18–
0.90, p < 0.001, I2 = 78.59%) compared with programs that 
did not (Hedge's g = 0.23, 95% CI, 0.10–0.36, p < 0.001, 
I2 = 0%). However, the other moderators showed no sta-
tistical significance (i.e., age, setting, experimental and 
study design, number of experimental conditions, type, 
duration and intensity of physical activity, and time of test 
administration). Finally, the sensitivity analyses indicated 

no modifications in the results after removing one study at 
a time (Figure S2).

3.4.1  |  Mathematics performance

Nine studies assessed the effects of acute physical activ-
ity on mathematics performance through different tasks 
such as math tests, the Wechsler individual achieve-
ment test—3rd edition, the Wide Range Achievement 
Test (WRAT)-3 and 4, and The New York State Testing 
Program.33,34,36,37,39–43 Our univariate and multivariate 
meta-analysis showed that acute physical activity inter-
ventions were associated with improved mathematics 
performance (univariate: Hedge's g = 0.31, 95% CI, 0.18–
0.44, p < 0.001, I2 = 0%; multivariate: Hedge's g = 0.29, 95% 
CI, 0.16–0.42, p < 0.001, I2 = 28.92%). Regarding sub-group 
meta-analysis, a significant increase was observed in 
math tests (Hedge's g = 0.34, 95% CI, 0.19–0.48, p < 0.001, 
I2 = 0%), but not in arithmetic tests (Hedge's g = 0.18, 95% 
CI, −0.12 to 0.48, p = 0.237, I2 = 0%) (p = 0.35 between 
groups) (Table 3).

3.4.2  |  Language performance

Three studies assessed the effects of acute physical activ-
ity on language performance through different tests such 
as WRAT-3 and WRAT-4.36,40,43 Acute physical activity 
favored an increase in this domain (univariate: Hedge's 

F I G U R E  1   PRISMA flow diagram of literature search.
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T A B L E  2   Quantitative data of the studies included (n = 11).

Experimental groups Control group

Study (year) Outcome (Test) n mean ± SD n mean ± SD

Broad et al. 
(2021).

Behavior control
(TOT)

35 (AM)
35 (PM)
35 (Both)

58.22 ± 7.94* 35 48.24 ± 11.01

58.22 ± 7.94*

62.09 ± 8.95*

Duncan et al. 
(2014)

Arithmetic test
(WRAT4)

18 (LMPA) 88.64 ± 17.65 18 95.68 ± 21.72*

18 (MVPA) 88.64 ± 21.72

Spelling
(WRAT4)

18 (LMPA) 106.88 ± 23.08* 18 97.28 ± 28.51

18 (MVPA) 108.48 ± 19.01*

Reading comprehension 
(WRAT4)

18 (LMPA) 109.12 ± 27.15 18 103.68 ± 25.80

18 (MVPA) 103.04 ± 28.51

Sentence comprehension 
(WRAT4)

18 (LMPA) 101.39 ± 28.59 18 104.92 ± 27.24

18 (MVPA) 103.31 ± 27.24

Fiorilli et al. 
(2021)

Mathematics performance 
(math test)

51 28.75 ± 4.69* 50 25.31 ± 6.25

Grieco et al. 
(2016)

Behavior control
(TOT)

81 (LMPA) 70.4 ± 24.3 87 69.3 ± 27.6

76 (MVPA) 82.7 ± 19.6

Harveson et al. 
(2019)

Mathematics performance 
(math test)

63 (aerobic) 3.82 ± 1.93 63 3.39 ± 1.91

63 (strength) 3.98 ± 2.50*

Hillman et al. 
(2009)

Arithmetic test
(WRAT3)

20 115.30 ± 10.99 20 114.60 ± 14.22

Spelling
(WRAT3)

20 112.65 ± 9.96 20 111.00 ± 10.86

Reading comprehension 
(WRAT3)

20 116.05 ± 9.52* 20 110.70 ± 8.48

Howie et al. 
(2015)

Mathematics performance 
(math test)

94 (EG1) 25.1 ± 0.5 94 24.3 ± 0.5

94 (EG2) 25.4 ± 0.5

94 (EG3) 25.5 ± 0.5

Kawabata 
et al. (2021)

Mathematics performance 
(WIAT-III)

20 (fasting and 
exercise)

52.62 ± 6.03 21 (fasting and 
sedentary)

50.14 ± 5.90

20 (breakfast and 
exercise)

49.41 ± 6.83 21 (breakfast and 
sedentary)

49.81 ± 8.77

Mavilidi et al. 
(2020)

Mathematics performance 
(math test)

13 (low anxious) 5.23 ± 1.64 14 (low anxious) 5 ± 1.85

20 (high anxious) 4 ± 1.39 21 (high anxious) 4.12 ± 1.47

Phillips et al. 
(2015)

Mathematics performance 
(The New York State 
Testing Program)

44 (male post PA 
30 min)

6.11 ± 2.2* 44 (male post 
sedentary 30 min)

4.7 ± 1.92

44 (male post PA 
45 min)

4.57 ± 1.9 44 (male post 
sedentary 45 min)

4.34 ± 1.92

28 (female post PA 
30 min)

5.18 ± 2.52* 28 (female post 
sedentary 30 min)

3.43 ± 2.21

28 (female post PA 
45 min)

3.89 ± 1.81 28 (female post 
sedentary 45 min)

3.57 ± 1.52

Pontifex et al. 
(2013)

Arithmetic test
(WRAT3)

40 112.58 ± 17.06* 40 109.78 ± 19.53

Spelling
(WRAT3)

40 108.43 ± 14.35 40 108.67 ± 13.40

Reading comprehension 
(WRAT3)

40 115.18 ± 14.04* 40 110.12 ± 11.57

Abbreviations: LMPA, low-moderate PA; MVPA, moderate-vigorous PA; PA, physical activity; SD, standard deviation; TOT, time on task; WIAT-III, the 
Wechsler individual achievement test–—3rd edition; WRAT, the wide range achievement test.
*Significant differences between groups.
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g = 0.21, 95% CI, 0.04–0.38, p = 0.020, I2 = 0%; multivariate: 
Hedge's g = 0.28, 95% CI, 0.09–0.47, p = 0.004, I2 = 47.87%). 
Regarding sub-group univariate meta-analysis, a significant 
increase was observed in reading performance (Hedge's 
g = 0.41, 95% CI, 0.07–0.76, p = 0.018, I2 = 0%), but not in sen-
tence comprehension (Hedge's g = −0.09, 95% CI, −0.90 to 
0.71, p = 0.821, I2 = 0%), and spelling performance (Hedge's 
g = 0.08, 95% CI, −0.25 to 0.41, p = 0.604, I2 = 0%) (Table 4). 
In contrast and using the multivariate meta-analysis, signif-
icance disappears in the reading domain (Hedge's g = 0.34, 
95% CI, −0.14 to 0.82, p = 0.161, I2 = 11.59%).

3.4.3  |  Behavior control

Only two studies assessed the effects of acute physical ac-
tivity on behavior control.35,38 Both assessed time-on-task 
and one study evaluated three types of off-task (motor, 
verbal, passive) behavior.35 Broad et al.35 found that acute 
physical activity at different times within the school day 
(morning, afternoon, or both) increased on-task behavior 
compared to control. Furthermore, acute physical activity 
in the morning increased off-task motor and off-task verbal 
behavior compared to the afternoon, morning and after-
noon, and control. However, acute physical activity in the 
afternoon increased off-task passive behavior compared to 
the morning, morning and afternoon, and control.

3.5  |  Quality of evidence

The quality of the included studies was overall good (av-
erage PEDro score of 5; Table S6). Six out of 11 studies 

had good quality (total score of 5–7), and the remaining 
studies were deemed to have poor quality (total score 
≤4).37–42

4   |   DISCUSSION

Our systematic review and meta-analysis aimed to exam-
ine the acute effects of physical activity on academic per-
formance in children and adolescents. Our meta-analysis 
identified 11 studies and suggested that acute physical ac-
tivity can produce small but significant improvements in 
overall academic outcomes (Hedge's g = 0.35), mathemat-
ics performance (Hedge's g = 0.29) and language perfor-
mance (Hedge's g = 0.28). Additionally, a secondary aim 
of our study was to examine key potential moderators. 
Our findings showed that using behavior change tech-
niques was associated with larger effects. However, we 
must interpret the present results with caution since there 
is heterogeneity both in the interventions (i.e., duration, 
intensity) and in the obtained outcomes (i.e., I2 values).

The current research rises upon evidence from pre-
vious reviews and addresses the transient effects of 
physical activity on specific academic performance do-
mains, such as mathematics performance, reading per-
formance, and classroom behavior.9,12–15 Specifically, 
in the review of Haverkamp et al.15 only one study (as-
sessing academic performance) was included and the 
authors did not conduct a meta-analysis. Furthermore, 
de Greeff et al.9 did not find a significant effect of three 
acute physical activity interventions on academic per-
formance. Mavilidi et al.12 found a large ES of active 
breaks in behavioral control (including five studies with 

Hedge's g 95% CI p I2

Univariate

Mathematics performance 0.31 0.18 to 0.44 <0.001 0

Maths tests 0.34 0.19 to 0.48 <0.001 0

Arithmetic tests 0.18 −0.12 to 0.48 0.237 0

Language performance 0.21 0.04 to 0.38 0.020 0

Spelling 0.08 −0.25 to 0.41 0.604 0

Reading 0.41 0.07 to 0.76 0.018 0

Sentence comprehension −0.09 −0.90 to 0.71 0.821 0

Multivariate

Mathematics performance* 0.29 0.16 to 0.42 <0.001 28.92

Language performance 0.28 0.09 to 0.47 0.004 47.87

Spelling 0.08 −0.24 to 0.41 0.610 0

Reading 0.34 −0.14 to 0.82 0.161 11.59

Sentence comprehension −0.08 −0.74 to 0.57 0.794 0.53

*No studies included both domains of mathematics performance, for this reason we did not performed a 
multivariate analysis.

T A B L E  3   Pooled effect sizes and 95% 
confidence intervals (CI) for main and 
sub- domain outcomes included in the 
study from univariate and multivariate 
analyses.
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chronic and/or acute physical activity). However, behav-
ioral control could not be meta-analyzed in our study 
due to the low number of studies available evaluating 
the effect of acute physical activity on this outcome. 
Watson et al.13 showed that classroom-based physical 
activity had a moderate ES on improving behavioral 
control (including four studies). Daly-Smith et al.14 con-
cluded that physically active lessons or classroom-based 
physical activity (including 10 studies) improved class-
room behavior. In sum, the evidence from these reviews 
did not explore the effects of acute physical activity on 

other academic performance domains (e.g., arithmetic, 
spelling). Also, all these reviews focused exclusively on 
examining one or two of these forms of physical activity 
at the same time (classroom movement behavior, acute 
physically active learning, active breaks or acute physi-
cal activity). Our study fills these gaps in the evidence by 
addressing a previously unexplored multivariate meta-
analysis of various moderators that, to the best of our 
knowledge, had not been done before.

Active breaks were the predominant form of physical 
activity used in the studies included in our review (10 

Hedge's 
g 95% CI p I2 p*

Age

Children 0.39 0.15–0.62 <0.001 73.20 0.599

Adolescents 0.30 0.11–0.50 0.002 0

Setting

School 0.46 0.14–0.79 0.001 79.39 0.238

Others 0.25 0.11–0.39 0.001 0

Experimental design

Within 0.37 0.18–0.56 <0.001 63.52 0.680

Between 0.28 −0.08 to 0.65 0.123 54.27

Study quality

Crossover 0.44 0.06–0.81 0.007 84.94 0.566

Others 0.32 0.17–0.46 <0.001 0

Number of experimental conditions

≤ 2 0.35 0.20–0.50 <0.001 12.65 0.956

>2 0.36 0.02–0.69 0.017 79.66

Behavior change techniques

Yes 0.54 0.18–0.90 <0.001 78.59 0.093

No 0.23 0.10–0.36 <0.001 0

Type of physical activity

Aerobic 0.23 0.09–0.38 0.002 0 0.196

Combined 0.44 0.16–0.72 <0.001 73.82

Physical activity duration

<20 min 0.52 0.12–0.91 0.003 82.23 0.204

≥20 min 0.25 0.12–0.38 <0.001 0

Physical activity intensity

Moderate-to-
vigorous

0.37 0.19–0.55 <0.001 29.30 0.840

Other intensities 0.34 0.06–0.61 0.007 73.91

Time of test administration

< 20 min after 
exercise

0.45 0.07–0.82 0.005 84.20 0.486

≥ 20 min after 
exercise

0.30 0.16–0.45 <0.001 0

Abbreviation: CI, confidence interval.
*Differences between group.

T A B L E  4   Subgroup analysis 
according to moderators.
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out of 11). These interventions are characterized by the 
fact that they take into account neither the embodiment 
(physical activity is not related to a learning task) nor the 
integration (there is no temporal overlap between move-
ments and the learning task) concepts.45 Although we 
endorse the potential benefits of the embodied learning 
by techniques as gesturing or integrating the academic 
content with a meaningful bodily activity,46 our findings 
suggested a complementary message such that human 
movement with minimal cognitive load may also improve 
academic performance.47 Additionally, within a school 
context, timing and planning have been recognized as 
key common barriers to implementing movement-based 
interventions.48 Aligned with this, interventions involving 
changes in pedagogical styles seem to be more feasible 
for real-world implementation than changes in the cur-
riculum/academic content.49 Altogether, it makes sense 
to think that active break forms—rather than other types 
of acute physical activity strategies—may be an appealing 
strategy for an educational context.

Another difference to account for is that we set the 
threshold of a single session of physical activity to con-
sider intervention as “acute”, but Mavilidi et al.12 set this 
threshold at <3 weeks. Furthermore, Daly-Smith et al.14 
included interventions that took place only in a school 
setting whereas we also include those interventions de-
livered in other settings. Therefore, our findings showed 
that a single bout of physical activity, whether imple-
mented inside or outside the school setting, can lead to 
improvements in academic performance. In summary, 
our study added meaningful contextual nuances that may 
be especially relevant for the adoption and implementa-
tion of acute physical activity interventions in real-world 
conditions.50

The question of what dose of acute physical activity 
is needed to elicit beneficial effects on academic perfor-
mance is not easy to approach. Our analyses suggest that 
no specific duration was associated with greater changes 
in academic performance outcomes. Most previous stud-
ies have tested the effects of activity breaks lasting from 
10 to 20 min in duration. Notwithstanding, our results in-
dicate that improvements in academic performance can 
occur with as little as a 4-min “dose” of physical activity.35 
In terms of intensity, the studies reviewed used a range 
from 50% to 85% of HRmax, with moderate intensity being 
the most commonly used. Likewise, our meta-regression 
analyses indicate that physical activity intensity was not 
associated with academic performance outcomes. At this 
point, it is worth speculating on the impact of intensity 
on cognitive outcomes. Chang et al.51 analyzed the mag-
nitude of the intensity effect on outcomes accounting 
by time elapsed between physical activity and academic 
performance tests. Interestingly, their findings suggested 

the idea that higher intensity is necessary to temporar-
ily maximize the effects of physical activity on academic 
performance. Our results on duration and intensity may 
altogether support the catecholamine hypothesis that 
moderate intensity and short to moderate duration (10–
20 min) elicit catecholamine release.52 An alternative idea 
is that intensity may play a task-dependent role, such that 
low-load cognitive tasks may benefit more from vigorous 
physical activity intensities,53 although this speculation is 
far from being understood.54

Our analyses also showed that the use of behavior 
change techniques in acute physical activity interventions 
is important. Note that limited knowledge is available re-
garding the manipulation of behaviors in physical activ-
ity interventions for youth. In this sense, Anselma et al.22 
found in their systematic review that demonstration, 
practice and providing instructions on how to perform a 
behavior were the most commonly applied and effective 
behavior change techniques in children from lower socio-
economic environments. Contrarily, the effectiveness of 
behavioral techniques in physical activity interventions 
for adults has been more explored.20,21 Collectively, more 
knowledge of which techniques is effective for which tar-
get groups, could enrich the acute physical interventions 
field, especially for improving academic performance.

More research is needed on the quantitative and qual-
itative characteristics of acute physical activity before 
claims can be made about the specificity or generality 
of its effects on academic performance. However, some 
implications for educational practice can be speculated. 
Our findings demonstrate the acute benefits of embed-
ding physical activity during the school day. Within the 
school context, it would be desirable to integrate phys-
ical activity into regular classrooms and in coherence 
with academic content, however, far from achieving 
this, strategies with low relevance, and low integration 
to learning—such as active breaks— may be worthy of 
use at this time. An example of the potential academic 
benefits of reallocating curriculum time to physical ac-
tivity with active breaks is the study of Mavilidi et al.,55 
which was a sub-study of the Burn 2 Learn (B2L) cluster 
randomized controlled trial. The intervention involved 
teacher-facilitated high-intensity activity breaks deliv-
ered during lesson time (N = 211 students). The B2L in-
tervention was successful in improving students' on-task 
behavior (ES = 0.43). According to our results, we rec-
ommend acute physical activity interventions starting 
with doses of at least 10 min of moderate intensity (as a 
minimum) and the use of behavior change techniques, 
but this advice should be carefully considered. Pontifex 
et al.43 found that a single bout of moderate aerobic ex-
ercise improved reading comprehension and arithmetic 
skills in children with attention-deficit/hyperactivity 
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disorder. In this sense, despite the evidence being incip-
ient, it is plausible to think that acute physical activity 
interventions may also be relevant for children with 
neurodevelopmental disorders.56

4.1  |  Strength and limitations

Some limitations should be noted before concluding. The 
interpretation of our moderation analyses is limited by 
third-order causation in meta-analyses. Also, there was 
considerable heterogeneity of effects, and effects may not 
be consistent across different groups (e.g., special popula-
tions) and under certain circumstances (e.g., the way the 
activity breaks were delivered). Second, due to the small 
number of studies included in our review, it is likely that 
our meta-regression analyses were underpowered to de-
tect significant moderator effects. Third, we found con-
siderable variability in critical design features, especially 
the study design, which should be accounted for. Finally, 
there was little consistency in the measurement of aca-
demic outcomes, which may have contributed to the het-
erogeneity in the meta-analyses. Contrary, this is the first 
systematic review that analyses specific moderators and 
considers all types of acute physical activity interventions.

In sum, our findings suggest that a single bout of phys-
ical activity can support overall and specific domains of 
academic performance (mathematics and language) in 
school-aged youth. Only 11 studies that met the inclusion 
criteria were included in this meta-analysis, indicating 
that further research is needed to fully comprehend the 
mechanisms and reasons behind the observed positive in-
fluence of physical activity on academic outcomes.

5   |   PERSPECTIVES

Acute physical activity interventions starting with doses 
of at least 10 min of moderate intensity (as a minimum) 
and using behavior change techniques can elicit improve-
ments in academic performance among school-aged 
youth. Prompt rewards, feedback on performance and 
provided instruction were behavior change techniques 
commonly used in the included studies and may be suit-
able to apply in future investigations. Although the re-
search discussed in this meta-analysis can provide some 
guidance in this field, further high-quality research is re-
quired to decipher the optimal dose of physical activity, as 
the mechanistic factors that are beyond its effects.
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