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Abstract: School physical activity breaks are currently being proposed as a way to improve students’
learning. However, there is no clear evidence of the effects of active school breaks on academic-
related cognitive outcomes. The present systematic review with meta-analysis scrutinized and
synthesized the literature related to the effects of active breaks on students” attention. On January
12th, 2021, PubMed, PsycINFO, Scopus, SPORTDiscus, and Web of Science were searched for
published interventions with counterbalanced cross-over or parallel-groups designs with a control
group, including school-based active breaks, objective attentional outcomes, and healthy students of
any age. Studies’ results were qualitatively synthesized, and meta-analyses were performed if at least
three study groups provided pre-post data for the same measure. Results showed some positive acute
and chronic effects of active breaks on attentional outcomes (i.e., accuracy, concentration, inhibition,
and sustained attention), especially on selective attention. However, most of the results were not
significant. The small number of included studies and their heterogeneous design are the primary
limitations of the present study. Although the results do not clearly point out the positive effects of
active breaks, they do not compromise students” attention. The key roles of intensity and the leader
of the active break are discussed. INPLASY registration number: 202110054.

Keywords: physical activity; exercise; attention; attentional bias; arousal; randomized controlled
trials; non-randomized controlled trials; cross-over studies; systematic review; meta-analysis

1. Introduction

Active breaks (ABs) are currently gaining attention within the educational context [1].
ABs consist of short periods (usually between five and 15 min) of classroom-based physical
activity (PA) [2], which are integrated into the routine of the class [1,3]. These can be
implemented by the teacher [2] during or between academic instructions [4]. Compared to
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other kinds of school-based PA interventions, ABs show some advantages. For example, (i)
they do not require special spaces or equipment, (ii) teachers can choose when to utilize
ABs according to their lessons’ necessities [2], and (iii) they are not too time-consuming for
practical use [5].

Some authors consider ABs to be an effective approach to promote PA with the final
aim of improving students” health since school time represents an ideal setting for such
purposes [6]. There is evidence confirming that school-based PA interventions increase
students’ PA levels [7,8]. In fact, the scientific literature suggests that the brain learns better
when active methodologies (active role of students) are implemented instead of passive
methodologies or traditional lessons [9]. This is of special interest nowadays because
most young students do not meet the PA guidelines recommended by the World Health
Organization [10]. Additionally, there is extensive research showing that PA interven-
tions can improve students’ cognitive, metacognitive, and academic outcomes, such as
working memory, attention, processing speed, and academic performance [11,12]. Both
the acute and chronic effects of school-based PA interventions on cognitive and academic
performance have been extensively reviewed [1,3,12,13]. Although their positive effects are
not completely clear for all those variables (e.g., attention, processing speed, or academic
performance), it seems that increasing the amount of school time spent on PA does not
compromise students’ cognitive or academic performance. Therefore, school-based PA
interventions are promising practices when appropriately implemented [14].

Among the cognitive outcomes addressed, attention is of great relevance for students
since it plays a key role in learning [15] and academic achievement [16]. Conceptualizing
attention is not easy due to the myriad of concepts that it involves. Therefore, in the present
study, following Janssen et al. (2014) [17], we did not focus on a single measure of attention
but instead considered attentional outcomes objectively measured within AB research.

Some authors perceive attention as a process of exerting mental effort on specific
stimuli [18], while for others, it is like a “gate” that manages the input of information
into conscious awareness [6]. Notwithstanding, most researchers agree with the multi-
component nature of attention [19]. This is reflected in the numerous different tasks used
to measure attention in previous research [17], such as concentration tasks, time-on-task
behaviors, or even electroencephalography.

It has been hypothesized that the effects of PA on attention, both from acute and
chronic points of view, have a physiological basis (e.g., cardiovascular hypothesis, intensity
of PA, or increases in cerebral blood flow and the number of neurotransmitters) [20]. There
is sufficient evidence to suggest that ABs improve cognition, especially attention [20-22].
Furthermore, previous evidence has shown that ABs can improve students’ attention [7,8,23].
However, results are still heterogeneous [2] and require further confirmation [3].

The inconsistent results presented in the literature could perhaps be explained by
differences in the factors considered from a study design, how attention is measured, or the
inclusion of samples representing different age groups [6] or cardiovascular fitness levels [6],
just as happens in research on overall cognitive performance [2,12]. Moreover, in one
study [24], it was suggested that different results on cognitive effects arise from differences
in AB characteristics (e.g., cognitive engagement or complexity, intensity, duration).

Regarding the acute effects of AB duration, a recent meta-regression analysis suggested
that shorter PA bouts may be more effective than longer ones for improving attention [12].
However, other research has indicated that longer bouts (i.e., >20 min) showed greater
effects [20]. Since other studies did not find differences regarding the duration of PA
bout [25], this topic requires further research to investigate the optimal duration of ABs.

Researchers have already highlighted the importance of investigating the duration
of the cognitive benefits that remain after a PA bout, which is difficult to establish since
post-test timings vary widely across studies, and most studies do not correctly report this
information [1].

Finally, the person responsible for delivering the AB might also influence the char-
acteristics of PA, especially regarding the intensity and student engagement [26,27]. In
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their review, Daly-Smith et al. (2019) [1] reported that the highest proportion of time spent
on moderate-vigorous physical activity (MVPA) in active lessons was associated with the
researcher-led intervention. Similarly, Watson et al. (2017) [3] pointed out that programs
presented a higher fidelity to the required intensity when research staff was responsible
for the intervention. These studies highlight the importance of the intervention deliverers’
qualifications, which has not yet been clarified in the AB literature.

For more than a decade, students’ attention deficits have been a significant concern of
teachers [28]. ABs seem to be a promising way to enhance students’ attentional levels in
the class. However, several questions remain to be answered. To the best of our knowledge,
there is only one previous meta-analysis that examined this issue [2], and it focused only
on overall cognitive- or academic-related outcomes in 6- to 9-year-old students.

Therefore, the aim of this systematic review with meta-analysis was to scrutinize and
synthesize the literature related to the effects of ABs (compared to control conditions) on
the attention of students (of any age). We also addressed some possible moderators that
previous research pointed out as relevant to the effects of ABs on cognition.

2. Materials and Methods
This systematic review (with meta-analysis) followed established international guide-
lines [29,30]. The protocol was published in INPLASY (International Platform of Regis-

tered Systematic Review and Meta-analysis Protocols) with the identification number of
202,110,054 and DOI 10.37766 /inplasy2021.1.0054.

2.1. Eligibility Criteria

According to the Participants, Intervention, Comparators, Outcomes, and Study
design (PI1.C.O.S.) approach, the inclusion and exclusion criteria for this systematic review
and meta-analysis can be found in Table 1.

Table 1. Inclusion and exclusion criteria following the P1.C.O.S. approach.

PICOS Inclusion Criteria Exclusion Criteria
. Healthy students of any age and of any sex from Populations other than stu.dents .(e.g., workers,
Population . athletes). Students with a diagnosed
elementary to college educational levels. .
mental disease.
. ABs copsmtmg of short bouts c?f exercise in class No ABs (e.g., physical education classes; playing
Intervention during or between academic lessons (e.g., s . .
. . with instruments without allowing PA).
structured exercises, free exercise).
Control conditions (passive or non-active breaks Other forms of physical activity interventions
Comparator e . .
with limited PA). (e.g., physical education lessons).
A ional g, I lecti .
ttentional outcomes (.e & ocused or selective Outcomes other than attention. No pre-post
attention, vigilance, inhibitory control) measured . .
Outcome . comparison. Inaccessible pre- or
before (pre-) and after (post-) ABs or a chronic . .
. . post-intervention data.
intervention of ABs.
. Counterbalanced cross-over design and Study designs that do not allow within-subjects
Study design

Additional criteria

parallel-groups design.

comparisons for both control and AB conditions.

Non-original articles (e.g., reviews, letters to
editors, trial registrations, proposals for
protocols, editorials, book chapters,
conference abstracts).

Original and full-text studies written in English.

2.2. Information Sources

Five electronic databases (PubMed, PsycINFO, Scopus, SPORTDiscus, and Web of
Science) were searched for relevant publications prior to 12 January 2021. Keywords and
synonyms were entered in various combinations: (“activ* break*” OR “physical break*”
OR “physical activity break*” OR “exercise break*” OR “brain break” OR “brain hacking”
OR “movement learning” OR “active learning”) AND (student* OR class* OR school*)
AND attent*. Additionally, the reference lists of included studies were manually searched
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to identify potentially eligible studies not captured by the electronic searches. All records
were screened by two researchers (AIP and FTGF).

2.3. Data Extraction

A data extraction was prepared in Microsoft Excel sheet (Microsoft Corporation,
Readmon, WA, USA), similar to the Cochrane Consumers and Communication Review
Group’s data extraction template (Group, 2016). The Excel sheet was used to assess
inclusion and exclusion requirements and subsequently tested for all selected studies. The
process was independently conducted by two authors (AIP and HS). Any disagreement
regarding study eligibility was resolved in a discussion with a third author (FTGF) when
necessary. Full text articles excluded and the reasons for doing so were recorded (see
Table Al in Appendix A). All the records were stored in the sheet.

2.4. Data Items

The following categories of information were extracted from included articles:
(i) randomization unit, design, number of participants (n), age group (schoolchildren,
young adults or both), sex (men, women or both); (ii) fitness of participants; (iii) identifi-
cation of ABs (time, duration, weekly and/or daily frequency, intensity and type of PA,
academic content, the person who is responsible for the AB, and protocol), (iv) treatment
fidelity, (v) measurement of attention (i.e., task), (vi) time of measurements (pre and post)
and (vii) effect measured (i.e., acute effects vs. chronic effects).

2.5. Assessment of Methodological Quality

The methodological quality of studies was assessed using the Revised Cochrane risk-of-
bias tool for randomized trials (RoB 2) for randomized controlled trials (RCTs) [31], as well
as the supplements for cluster randomized trials (CRTs) [32] and for cross-over trials [33].
For non-RCT, the Cochrane risk of bias tool for non-randomized studies of interventions
(ROBINS-I) scale was used [34]. These tools include a minimum of 21 items that enable
the assessment of the risk of bias (i.e., “low risk”, “some concerns”, or “high risk”) of
several dimensions that vary according to the study design (namely, bias arising from the
randomization process, bias due to deviations from intended interventions, bias due to
missing outcome data, bias in measurement of the outcome, and bias in selection of the
reported result). An ‘intention-to-treat’ effect approach was followed for all the assessments,
which implies that the interest focused on the effect of assignment to the interventions. This
approach was followed because there was a wide variety of study designs and protocols
could not be reviewed in most of the cases. Altogether an overall level of risk of bias
per study was computed. Risk of bias assessments were based on the published articles,
which were accompanied with the trial protocols in two studies [6,35]. Two of the authors
(AIP and HS) independently screened and assessed the included articles. Discrepancies
were solved by consensus between the two authors without the need for assistance from a
third author.

2.6. Statistical Analyses

Meta-analyses were performed if at least three study groups provided pre-post AB-
related data for the same measure. Using a random-effects model, the means and standard
deviations (SD) for dependent variables were used to calculate effect sizes (ES; Hedges’ g)
for each outcome in AB treatments and control conditions. When means and SDs were
not available, they were obtained from 95% confidence intervals (Cls) or standard error of
mean (SEM), using Cochrane recommended formulas. Data were standardized using post-
intervention SD values. The ES values are presented with 95% confidence intervals (CI).
Calculated ES were interpreted using the following scale: <0.2, trivial; 0.2-0.6, small; >0.6—
1.2, moderate; >1.2-2.0, large; >2.0-4.0, very large; >4.0, extremely large [36]. Heterogeneity
was assessed using the 2 statistic, with values of <25%, 25-75%, and >75% considered
to represent low, moderate, and high levels of heterogeneity, respectively [37]. The risk
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of bias was explored using the extended Egger’s test [38]. To adjust for publication bias,
a sensitivity analysis was conducted using the trim and fill method [39], with LO as the
default estimator for the number of missing studies [40]. All analyses were carried out
using the Comprehensive Meta-Analysis software (version 2; Biostat, Englewood, NJ, USA).
Statistical significance was set at p < 0.05.

3. Results
3.1. Study Identification and Selection

The database search retrieved 1809 titles, which were exported to reference man-
ager software (EndNoteTM X9, Clarivate Analytics, Philadelphia, PA, USA). Duplicates
(520 references) were subsequently removed either automatically or manually. The remain-
ing 1289 articles were screened for their relevance based on titles and abstracts, resulting in
the removal of a further 1244 studies. Following the screening procedure, 45 articles were
selected for in-depth reading and analysis. After reading full texts, a further 36 studies were
excluded due to not meeting the eligibility criteria (Table Al). Finally, nine studies were
selected for the further analysis together with another seven studies that were identified
from other sources, reaching a total of 16 included studies (Figure 1), involving 3383 partic-
ipants between 6 and 13 years old. Due to the limited number of studies included into the
review for each attentional outcome (e.g., global attention, selective attention, inhibition,
etc.), results from participants of all ages included were grouped together despite this age
range involves different stages of development.

]

Identification

Included

Records identified through database
Full-texts added from

searching
(n = 1809: Pubmed 497; PsychINFO 51; other sources
Scopus 636; SPORTDiscus 15; WOS 610) (n=7)

l !

Records after duplicates (n = 520) removed

(n=1289)

}

Records screened
(n=1289) Records excluded
> (n=1244)
Full-text articles assessed
for eligibility
(n=45) i .
’ Full-text articles excluded, with

l reasons

(n=36)

Studies included in -11 no active break

qualitative synthesis -11 no attention
(n=16) -4 other languages
-4 other types of publications
v -3 no control group
Studies included in -2 laboratory conditions
quantitative synthesis -1 no-pre-post

(meta-analysis)
m=11)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram highlighting the
selection process for the studies included in the systematic review.
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3.2. Study Characteristics

Eleven studies followed a parallel-groups design with seven RCTs [19,35,41-45], three
CRTs [24,46,47], and one non-randomized [48] (Table 2). Additionally, the remaining five
studies followed a cross-over design (three single-group design studies [6,23,49] and two
CRTs [50,51]) (Table 3).

The protocols’ characteristics for all studies can be found in Table 4. Most of the stud-
ies addressed the acute effects of ABs [6,19,23,35,41-45,49-51], while only four addressed
chronic effects [24,46-48]. Considering both types of effects, AB duration varied from
4 [23] to ~ 25 min [41]. Interventions addressing chronic effects were applied to two ABs
per week over two weeks [24] to five ABs per week over ten weeks [46]. Overall, ABs
consisted of aerobic or coordinative moderate PA (MPA) [6,23,35,41,46,50], vigorous PA
(VPA) [6,44,45], or MVPA [19,41-43,47,49]. Two studies reported that the registered inten-
sity was lower (i.e., light or light-to-moderate) than expected [24,51], and one did not report
intensity-related data [48]. Regarding the type of PA, nine studies included cognitively
engaging PA conditions (i.e., combined activities, games, dancing, or coordinative exercises)
[19,24,41-43,47-49,51], with two of them relating the PA to academic contents [24,49]; the
other interventions included aerobic PA. Most of the interventions were delivered by the re-
searchers [6,19,23,24,35,41-43,45,51]. Five of them were by the classroom teachers [6,47-50],
and four of them also relied on videos to guide the ABs [24,35,48,51].

3.3. Methodological Quality

The overall methodological quality of the intervention studies can be found in Table A2.
Nine studies were assessed as having some concerns in their overall RoB 2 quality scale,
and eight were assessed as high risk of bias. The score for the only study assessed by
ROBINS-I was critical [48]. None of the studies achieved low risk of bias. Methodological
assessment revealed issues on the quality of the bias in the information reported on the ran-
domization process, the reporting of possible deviations from the intended interventions
and the selection of the reported result.

3.4. Active Breaks: Effects on Attention

Due to the multi-component nature of attention, a wide variety of attention-related
outcomes were reported among included studies (e.g., global attention; selective attention).
Table A3 shows a synthesis of the outcomes according to the task and their scoring. Overall,
results from the 11 parallel groups design studies (Table 2) showed that the effects of ABs
on attention were mainly positive or non-significant; no negative effect of ABs was found.
In addition, results from the five cross-over design studies (Table 3) showed similar results,
with positive or no effects on attentional outcomes and without negative results. The
results for each outcome are synthesized in the following sections.

3.4.1. Effects on Accuracy

Accuracy was only measured with the d2 test. Acute positive effects were found only
in an aerobic MPA AB intervention on 9 to 11-year-old students [23]. No other acute [19,45]
nor chronic effects were found [48]. Meta-analyses could not be run since there were less
than three studies per analysis.
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Table 2. Characteristics of the selected studies with a parallel-groups design.

Study
Risk of Bias

Design and AB Type

Age (y.0.) Mean + SD
(Range)
Academic Level

Sample Size (1)
and Sex

Attentional Outcomes
(Instrument)

Fitness Level

Results

Altenburg et al. (2016)
[35]
Some concerns

RCT: two IG and one CG.

Acute.

NR (10-13)
NR

All: 52 (299337)
IG1: 17 (59124)
1G2: 20 (99114)
CG: 19 (12975)

Selective attention (Sky
Search in TEA-Ch)

NR

Children in IG2 (two ABs)
had better selective attention
than children in IG1 (one
AB) or CG. There was no
difference between IG1
and CG.

Buchele et al. (2018)
[48]
Critical risk

Non-randomized
quasi-experimental: two
IGs and one CG.
Chronic.

NR (~10-11)
5th grade

All: 116 (59957¢")
IG1: 31 (149174)
1G2: 29 (10919¢")

CG: 56 (359215")

Accuracy (d2) *
Concentration (d2)
Selective attention (d2)
Sustained attention (d2)

NR

The IG1 increased all
attentional outcomes (except
accuracy) compared to the
CG and concentration and
sustained attention
compared to IG2 (no AB).
There were no differences
between IG2 and CG.

All: 7.94 £ 0.44 (7-9) 1%2 ﬁ(()) Inhibition reaction time ~ Multistage 20m-SRT: IG1: A significant, negative effect
RCT: three IGs and one IG1: 7.99 + 0.38 (~106911047) (ms) (flanker task) 304.58 + 123.18. 1G2: was found for the CE factor
Egger et al. (2018) [41] CG. 1G2: 7.93 + 0.45 IG1:59 Shifting reaction time 28427 + 141.16. 1G3:  in shifting. No effects were
Some concerns Acute, 1G3: 7.96 % 0.50 igg o (ms) (flanker task 306.43 + 14423 CG:  found for the PA factor or
CG:790 +0.44 ’ additional block) 27855 + 129.13 the interaction between PA
2nd grade CG: 54 and CE.
All: 104 (579534") The AB improved only

Jager et al. (2014) [42]
Some concerns

RCT: one IG and one CG.

Acute.

7.91 + 5.05 (months)
(6.83-8.92)
2nd grade

IG: 51 (279245")
CG: 53 (309237")

Inhibition reaction time
(ms) (flanker task)
Shifting reaction time
(ms) (flanker task
additional block)

Motor fitness: 20m-SRT,
20m sprint test and jump
side-to-side.

inhibition, and its effects
remained for less than 40
min after the AB. The
improvements were
suggested to be independent
of the participants’
characteristics and stronger
among those with higher
increases in cortisol.
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Table 2. Cont.

Study
Risk of Bias

Design and AB Type

Age (y.0.) Mean + SD
(Range)
Academic Level

Sample Size (n)
and Sex

Attentional Outcomes

(Instrument)

Fitness Level

Results

Jager et al. (2015) [43]
High risk

RCT: three IGs and one
CG.
Acute.

11.29 + 6.53 (months)
(10.33-12.33)
NR

All: 217 (1209974)
IG1: 54 (359194")
1G2: 62 (289347")
1G3: 60 (30930")
CG: 58 (339255")

Inhibition reaction time

(ms) (flanker task)
Shifting reaction time
(ms) (flanker task
additional block)

18-mSRT: VO, max
(ml/kg/min): Posttest:
1G1: 46.77 £ 6.73,1G2:
47.98 £+ 6.01, IG3: 46.77
=+ 5.96), CG: 47.58 (6.12)

No effects of AB (with and
without considering CE)
were found. Fitness did not
moderate the effects.

Niemann et al. (2013)
[44]
High risk

RCT: one IG and one CG.

Acute.

9.69 + 0.44 (9-10)
1G: 9.65 + 0.41
CG:9.74 +0.48

4th grade

All: 42
1G: 27 (139145")
CG: 15 (7987)

Concentration (d2)

NR

The IG showed better
concentration than CG,
although both groups
improved from pre- to
post-test. There was an
interaction between group
(IG, CG) test (pre, post), and
PA level (high, low).

Ordoériez et al. (2019)
[46]
High risk

CRT: one IG and one CG.
Chronic.

11.1 (11-12)
6th grade (Spanish
Elementary Education)

All: 89
1G: 45
CG: 44

Concentration (FACES)
Selective attention
(FACES)

ALPHA.
Lower-limb muscle
strength (meters):
Pretest: 1G: 1.36 4+ 0.21;
CG: 1.38 4 0.20. Posttest:
1G:1.42 +0.21; CG: 1.40

=+ 0.21. Coordination (no.

jumps): Pretest: 1G: 28.33
+ 6.89; CG: 26.40 + 5.68.
Posttest: IG: 30.87 4+ 5.68;
CG: 27.33 £+ 5.90.
Cardiorespiratory
capacity (min): Pretest:
1G: 6.42 4+ 0.75; CG:6.46
+ 0.83. Posttest: 1G: 5.61
+ 0.68; CG: 6.20 &+ 0.75

Significant differences
between groups with higher
levels of attention in the IG.
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Table 2. Cont.

Study
Risk of Bias

Design and AB Type

Age (y.0.) Mean + SD
(Range)
Academic Level

Sample Size (n)
and Sex

Attentional Outcomes
(Instrument)

Fitness Level Results

Schmidt et al. (2016)

RCT: three IGs and one

11.77 £ 0.41 (11.01-12.98)

All: 92 (429505)
IG1: 25 (~129237)

Accuracy (d2) *

No significant effects of ABs
or their interactions with CE
were found concerning
attention. However, high CE
interventions had a positive

[1°] CG. 5th grade 1G2:22 (1091207 Concentration (d2) NR effect on focused attention,
Some concerns Acute. 1G3: 25 (112145 L
CG: 20 (99115 and positive affect had a
) mediational role between CE
factor, accuracy, and focused
attention, but not for PA.
Focused attention did not
Schmidt et al. (2019) CRT: two IGs and one All: 104 (_50954&) . differ between the three
[24] G 9.04 +0.70 IG1: 34 Concentration (d2) NR groups after controlling for
. 3rd grade 1G2: 37 (measured after 3rd AB)
Some concerns Chronic. age, step counts, and
CG: 33 .
attention at pretest.
Al 164 Thg 1G imprc?ved only.
1G:86 (450415) regarding selective attention.
Tine et al. (2012) [45] RCT: one IG and one CG. NR (10.33-13.5) C G" 78 (409387) Accuracy (d2) * NR Moreover, lower-income
High risk Acute 6th—7th grade (aivi ded b Selective attention (d2) children exhibited greater
income) y improvements than
higher-income children.
Alerting reaction tlr?e No intervention effects were
(ms) and accuracy (%)
(ANT) detected on any outcome
Van den Berg et al. All: 510 (448 to 467, *Concentration (d2) 18-mSRT: VO, max after controlhng. for pr?test
1G:10.8 £ 0.6 ) .. ] } . score, age, arithmetic
(2019) [47] depending on the Inhibition reaction time (ml/kg/min): Pretest:
CRT: one IG and one CG. CG:10.9 £ 0.7 o performance, class, and
For most outcomes: Chronic (9-12) outcome). (ms) and accuracy (%) IG: 48.1 +5.0; CG: 48.0 school
Some concernsFor d2: ’ S5th—bth erade IG: 100 (462545") (ANT ? and Stroop Color =+ 5.0. Posttest: IG: 48.9 The IG spent mc;re time in
High risk & CG: 100 (479537") Word Task *) +0.2,CG:48.8 £ 0.2 P .
.. . . MVPA, but their fitness
Orienting reaction time .
(ms) and racy (%) levels were similar to
8)and accuracy (Yo students in the CG.

(ANT) *

AB: active break, ANT: attentional network test; BMI: body mass index, CE: cognitive exertion, CG: control group, CRT: cluster randomized trial, EF: executive functions, IG: intervention group, NR: not reported,
PA: physical activity, RCT: randomized controlled trial, SES: socioeconomic status, SRT: shuttle run test; TEA-Ch: Test of Selective Attention in Children. ? Executive control, but it is similar to the other inhibition

tasks. Therefore, results were treated as inhibition. * Not included in the meta-analysis.
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Table 3. Characteristics of the selected studies with a cross-over design *.

Study Age (y-.0.) Mean £ SD Outcomes
Risk of Bias Design and Type of AB (Ral?ge) Sample Size (1)/Sex (Instruments/Tasks) Fitness Level Results
Academic Level
AB improved attention
only among participants
. CRT counterbalanced NR All: 1224 (1074 Global attention: overall .who recglvefi the
Hill et al. (2010) [50] . . completed three or more . intervention in the
with two conditions. (8-11) performance of different - .
Some concerns . of the tests on both . . second period.
Acute. 4th-7th grade (Scottish) executive functions tests)
weeks) Improvements were
moderated by test and
age.
Attention was

Janssen et al. (2014) [6]
High risk

Single group. Three
randomized conditions
at the group level.
Acute.

10.4 £ 0.59
(10-11)
5th grade

All: 123 (619620)

Selective attention (Sky
Search in TEA-Ch)

significantly better in all
the conditions than in
the ‘no break’ condition.
Attention scores were
best after the MPA AB.
Attention after VPA
breaks was better than
after no break but was
no different than after
the passive break. No
moderation effect of
fitness was detected.

20-mSRT (dichotomized
into high or low)

Ma et al. (2015) [23]
High risk

Single group (divided).
Two randomized
conditions at the group
level.

Acute (mean of several
acutes).

NR
(9-11)
3-5th grade

All: 88 (449445)

Accuracy (d2)
Concentration (d2)

Selective attention (d2)

Better processing speed
scores were reported
after no AB. Accuracy
improved after the AB.
- No effects on selective
attention were observed
following the AB,
although accuracy
improved.
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Table 3. Cont.
Age (y.0.) Mean + SD
Study . . Outcomes .
Risk of Bias Design and Type of AB (Ral?ge) Sample Size (1)/Sex (Instruments/Tasks) Fitness Level Results
Academic Level
No effects of ABs
(LMPA) on attention
were reported nor were
CRT counterbalanced All: 184 (4695457 differential effects of
van den Be[ggl]et al 2016)  ith two conditions in 11'17(;:1;’)'7 IC1: 66 (479537")
Some concerns three dlfiilftr;t groups. 5th-6th grade 1C2: 71 (442567")

Single group. Two

Wilson et al. (2016) [49] randomized conditions

Concentration (d2)
IC3: 47 (499515")

exercise type, after
) controlling for age and
session order. Scores for
both conditions
improved from day 1 to
day 2.

at the group level.
Some concerns
Acute (mean of several

acutes).

112 £0.6
(=10-12)
5th—6th grade

Vigilance Mean Reaction
Time (ms) and lapses (%)
(PVT)

All: 58 &

There were no
) significant differences
between the AB and

no-AB conditions.
AB: active break, BMI: body mass index, CC: control condition, CE: cognitive exertion, CRT: cluster randomized trial, EF: executive functions, IC: intervention condition, NR: not reported, PA: physical activity,
PVT: psychomotor vigilance task; RCT: randomized controlled trial, SES: socioeconomic status, SRT: shuttle run test; TEA-Ch: Test of Selective Attention in Children. * Not included in the meta-analysis.
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Table 4. Protocols of interventions.
Duration and . Timing of
. . . . Intensity and . s
Study ID Type of AB CG/CC Activity Weekly/Daily Time of AB Tvoe of PA Responsible Pre-Test and Fidelity
Freq. M Post-Test
CG: No PA. IG1: after 90 Pre: A(fr%‘;‘sehne
IGI: One 20-min AB. ~ “ringall NA min of sitting. . Post: After 20
Altenburg et al. . morning IG2: one AB at MPA. Aerobic. . .
1G2: Two 20-min PA . IG1: 1 t-d; 1G2: 2 research staff min of school, HR monitor
(2016) [35] working on the start and No AC. .
bouts. . t-d after 130 min;
simulated another after 90 and after 220
school tasks. min of sitting. .
min.
IG1 “Coordinated CG: Usually ]
bilateral PA”. scheduled NA preii&l?&j\?eek
. el . .
Buchele et al. PIa?tzici :;:EI;SE}I]_IR Scﬁizirfi?c?;mc 4 weeks Afie;l;ji?l::;n of 1G1 Coordina- Teachers with the intervention. NR
(2018) [48] P . . 5d-w/1td ary tion.IG2: no PA. Post: The week
monitors on weekly periods while behavior.
. Y . . No AC. after the
days with no addition =~ wearing plastic intervention
instructions. wristbands. '
IG1 “Combo: high CE
+ high PA”: Running
while listening to a
song with keywords
to perform speqf{c CG “Low ,(,ZE + Pre: Before the
actions and inhibit low PA”: .
.. AB (9:05-9:25 HR monitors
others. Participants sat MVPA. am.) and Bore RPE
Eover ot al IG2 * “Cognition: comfortably in a Mornin IG1: Cognitive. P.os.t'. scalge
&8 ) high CE + low PA”: circle and NA 8 1G2: no PA. . .
(2018) [41] o a1 . . (9:25-9:50 a.m.) . Immediately Perceived CE
Sitting while listening listened to an IG3: Aerobic.No after the AB was also
and reacting to a song. age-appropriate AC. (9:50-10:10 assessed
IG3 “Aerobic: low CE  audio-book for .a m) ’
20 min. o

+ high PA”: Running
while listening to a
song, but without
changing the actions
performed.
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Table 4. Cont.
AB Duration and Intensity and Timing of
Study ID Type of AB CG/CC Activity Duration Weekly/Daily Time of AB Tvpe 0¥P A Responsible Pre-Test and Fidelity
(Min) Freq. M Post-Test
IC: Stretching and .
. aerobic PA (e.g., CC: Normal . . Pre: NR. ,
Hill et al. (2010) running on the Spot curriculum 10-15 2 weeks ~30 min after MPA. Aerobic. Trained teachers Post: At the end Teachers
[50] hoppin gse uencg S té) lan 5d-w/1t-d lunch. No AC. of the school control
e e
CG: 15 min
IG “EF-specific seat.ed ona rpat Pre: Prior the
cognitive engaging while listening intervention
u o j . toan MVPA. ] |
(];1 glei)e; 4311' Eﬁn ) V\/lzrrilur;ang;; age-appropriate ~20 NA 10:00-10:20 a.m. Cognitive. Researcher POStt'h]e uztBa fer HR monitors
& P'aymg tag, story. The last 5 No AC. )
balancing on various . Follow-up 40
objects min were spent min after
jects. answering easy '
questions.
IG1 “Physical games:
PA + CE”: three
different cooperative .
and competitive PA Cvcv;i'tlsliiirggy Pre: Just before
games involving EF. . ) MVPA. . .
" . Participants sat o the intervention.
Jager et al 1G2 " Aerobic comfortably on IG1: Cognitive Post:
8 ' exercise”: Short tasks 4 20 NA NR 1G2: Aerobic. Researcher . HR monitors
(2015) [43] . amatand Immediately
and games with . 1G3: no PA.
. listened to an after the
different forms of . No AC. . .
age-appropriate intervention.

running.
IG3 * “Cognitive
games: Sedentary +
CE”: card game.

story.
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Table 4. Cont.
AB Duration and Intensity and Timing of
Study ID Type of AB CG/CC Activity Duration Weekly/Daily Time of AB Tvpe 0¥P A Responsible Pre-Test and Fidelity
(Min) Freq. M Post-Test
CC1: No break.
IC.l MPA-AB”: Participants Pre: Before and
Walking to and from were not after each
the PE classroom, allowed to ask .
. . IC1: MPA: experimental
jogging, and passing the teacher for After an hour of Acrobic Two researchers break in the
Janssen et al. and dribbling aball.  help or go to the regular ' and the
" . { 15 NA .o IC2: VPA: classroom. Accelerometry
(2014) [6] IC2 “VPA-AB”: toilet. cognitive tasks . classroom
. . Aerobic. Post: After each
Running to and from CC2: Passive (9:30-10:00 a.m..) teacher .
No AC. experimental
the PE classroom, break. The .
.. . break in the
running, jumping, teacher read a classroom
and rope skipping. story to the ’
participants.
IC “FUNtervals”: CC: 10-min Pre:. I.n Week L
. . lecture After at least 20 familiarization.
eight 20 s periods of . .
VPA (i.e., squats separated from 3 weeks min of normal Post: after
Ma et al. (2015) . L . recess by at least a ) classroom MPA. Aerobic 10-min Teachers’
jumping jacks, scissor . 102 (4) On two separate . . Researcher
[23] . . . 20 min of . instruction No AC. researcher- control
kicks, jumping on the days in random. . .
normal following the delivered
spot) separated by
105 rest periods classroom recess. lecture
p ' instruction. following AB.
CG: Participants
performed
sedentary
. behav10r'wh11e Pre: After four
IG: Running on a 400 watching normal school Control of
Niemann et al m track. Participants non-arousing VPA. Aerobic lessons just rior PA in
’ were not allowed to scenes. 12 NA After 11:30 a.m. ) ’ NR J P .
(2013) [44] .. No AC. before AB. interventions
talk to each other and Participants .
. . Post: 5 min after days
remained silent. were not AB
allowed to talk ’

to each other
and remained
silent.
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Table 4. Cont.
AB Duration and Intensity and Timing of
Study ID Type of AB CG/CC Activity Duration Weekly/Daily Time of AB Y Responsible Pre-Test and Fidelity
. Type of PA
(Min) Freq. Post-Test
IG: The first two
weeks: running a Pre: At the same Prior familiar-
x 250-m circuit inside Between the 2nd . time with both or
Ordoriez et al. 10 weeks MPA. Aerobic. . ization for
the school; the next CG: No AB. NA and 3rd lesson NR groups, just L
(2019) [46] 5d-w/1td . . No AC. maintaining
four weeks: 500 m; in the morning. before AB. MPA
and in the last four Post: NR.
weeks: 750 m.
IG1 “Combo: high CG “sedentary +
CE + high PA”: low CE”:
PA-based activity of Students Pre: Before AB
adlfimg n.u.mbers.. rerpamed a.t After 20 min of MVPA. (10:45-10:55 HR monitors,
IG2 “Cognition: high their desks in o a.m.).
. Y German IG1: Cognitive Borg scale,
Schmidt et al. CE +low PA”: A the classroom i Post:
(2016) [19] paper and listened to 10 NA language class IG2: no PA. Researchers Immediately and
. (11:15-11:30 IG3: Aerobic. self-perceived
-and-pencil an am) No AC after AB CE
trail-making test. age-appropriate o ’ (11:30-11:40
IG3 “Aerobic: low CE  story for 10 min am.).
+ high PA”: Running to relax and
at different speeds. enjoy.
IGl. Embocfh.e d P Pre: Before the
learning condition”: . LPA .
) CG: Sedentary . beginning of the
PA-based learning . IG1: Cognitive - .
teaching style } . . first learning
. French vocabulary. IG2: Aerobic. Trained research .
Schmidt et al. P . 2, (words were 2 weeks 10:00 am-12:00 . session.
IG2 “PA condition”: 10 AC:IGI: student with a Accelerometry
(2019) [24] repeated equally 2d-w/1td p-m. . : . Post:
Movements at the earning animals video .
. . as under other . Immediately
same intensity rs in French; 1G2: -
. . conditions). after the third
without academic No.
content.

learning session.
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Table 4. Cont.
AB Duration and Intensity and Timing of
Study ID Type of AB CG/CC Activity Duration Weekly/Daily Time of AB Tvpe 0¥P A Responsible Pre-Test and Fidelity
(Min) Freq. M Post-Test
re?n(z;jégiizi d 2 sessions on Pre: Just before
Tine et al. (2012)  IG: Running around and viewed a 12 NA separate days VPA. Aerobic. Researchers AB. HR monitors
[45] an indoor track. 12-min film during usual No AC. Post: One
video gym classes. minute after AB.
IC1 “Aerobic”: Easy
and repetitive HR monitor,
movements. CC: 12 min of LMPA (target: familiariza-
IC2 “Coordination”: sitting and MVPA). Researcher, Pre: Just before tion and
van den Ber Complex movements  listening to an IC1: Aerobic. three research AB. control of
et al. (2016) [5g1] stressing coordinative educational 12 NA 8:30-10:00 a.m. 1C2: assistants, and Post: previous
: skills. lesson about Coordination. standardized Immediately bedtime,
IC3 “Strength”: exercise and IC3: Strength. movie after AB. breakfast, and
Dynamic and static movement. No AC. transport to
body-weight exercises school
adjusted to the age.
Pre: The week
before the
CG: Nine 10-15 intervention
van den Berg IG: Following three ~ min educational 10 9 weeks NR ]é\;[ r\(cl:i Teachers started. AC%{:EE;:} Ty
etal. (2019) [47]  “Just Dance” videos. lessons once a 5d-w/1td & Post: The
No AC. . control.
week. following week
after the
intervention.
IC “Active Lesson CC: Passive MVPA. .
” . lesson break: L Pre: 5 min
Breaks” outside the . 8 weeks each + 2 Cognitive.
. Participants before AB.
Wilson et al. regular classroom, . weeks of AC: based on .
. . . spent 10 min 10 - Trained teacher Post: Accelerometry
(2016) [49] including tag/chasing e . washout. Takel0! and .
sitting outside . Immediately
games, or their classroom 3d-w/1t-d Energizers, or after AB
invasion-type games. Texas I CAN. ’

reading.

AB: active break, AC: academic content; CC: control condition, CE: cognitive engagement, CG: control group, HR: heart rate, IC: intervention condition, IG: intervention group, LMPA: light-to-moderate
physical activity, LPA: light physical activity, MPA: moderate physical activity, MVPA: moderate-to-vigorous physical activity, NA: not reported, PA: physical activity; PE: physical education. # Including time of
preparation. * Not AB: Intervention group or condition that did not include ABs. Groups and conditions are reported in bold letters to improve legibility.
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3.4.2. Effects on Inhibition

Inhibition was measured in four studies through the flanker task, the Stroop task, and
the ANT tests. Only one study found acute favorable effects after a 20-min cognitively
engaged AB intervention [42]. The remaining studies on acute [41,43] or chronic [47] effects
found no significant results.

Regarding the meta-analysis, four studies provided data for inhibition (i.e., reaction
time results from flanker and ANT) involving six experimental and four control groups
(pooled 1 = 900). There was a trivial effect of AB on inhibition (ES = 0.08; 95% CI = —0.07 to
0.23; p = 0.293; I? = 12.0%; Egger’s test p = 0.576; relative weight of each group: 9.9 to 44.7%;
Figure 2). After study-by-study and group-by-group sensitivity analyses, no significant
changes in results were noted (i.e., p-value remained at > 0.05, mean ES = 0.02 to 0.14).
No significant sub-group differences (p = 0.342) were identified between acute (ES = 0.14;
95% CI = —0.07 to 0.35; within-group I? = 13.8%, five study groups) and chronic effects
(ES = 0.01; 95% CI = —0.18 to 0.19; within-group I = 0.0%, one study group).

Study name

Egger et al. (2018) IG1
Egger et al. (2018) IG3
Jager et al. (2014)
Jageretal. (2015) IG1
Jageretal. (2015)1G2
Van de Berg et al. (2019)

Statistics for each study Hedges's g and 95% CI

Hedges's Standard

g error  Variance limit limit Z-Value p-Value
0.129 0230  0.053 -0.323 0.581 0559 0576
-0.104 0237  0.056 -0.568 0359 -0.441 0.659 =
0.479 0.198  0.039 0.091 0.866 2423 0.015
-0.042 0228  0.052 -0.489 0405 -0.184 0.854
0.133 0223 0.050 -0.304 0571 0597 0.551
0.006 0.093  0.009 -0.177 0.189 0.063 0.950
0.081 0.077  0.006 -0.070 0.233 1.051 0.293

Lower Upper

-1.00 -0.50 0.00 0.50 1.00

Favours control Favours AB

Figure 2. Forest plot of changes in inhibition in school-age students participating in active breaks (AB) compared to controls.

Values shown are effect sizes (Hedges’ g) with 95% confidence intervals (CI). The size of the plotted squares reflects the

statistical weight of each study. The black diamond reflects the overall result. This trend is not statistically significant. IG:

intervention group.

3.4.3. Effects on Concentration

Eight studies reported an index of concentration performance, which has been mainly
measured by the d2 and FACES tests. Regarding the acute effects, one of them found
positive effects of 12-min VPA on 9 to 10-year-old students’ concentration [44]. On the
other hand, positive chronic effects after four and 10 weeks of intervention were found in
two of four studies [46,48]; however, the four-week study of these was assessed as high
risk at ROBINS-I [48]. No other significant effects were found.

Six studies provided data for concentration, involving nine experimental and six
control groups (pooled 1 = 881). There was a trivial effect of AB on concentration (ES = 0.19;
95% CI = —0.08 to 0.46; p = 0.161; 12 = 63.5%; Egger’s test p = 0.581; relative weight of each
group: 8.2 to 17.9%; Figure 3). A sensitivity analysis according to ROBINS-I was conducted,
removing the study of Buchele et al. (2018) [48], with no significant changes in results.
However, a study-by-study sensitivity analysis, removing the study of Schmidt et al.,
(2019) [24], revealed a small effect of AB on concentration performance (ES = 0.34; 95% CI
=0.20 to 0.48; p < 0.001). No significant sub-group differences (p = 0.627) were identified
between acute (ES = 0.27; 95% CI = —0.07 to 0.60; within-group I?> = 0.0%, four study
groups) and chronic effects (ES = 0.14; 95% CI = —0.29 to 0.56; within-group I = 81.2%,
five study groups).
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Study name

Buchele et al. (2018)*
Niemann et al. (2013) HA
Niemann et al. (2013) LA
Ordoiiez et al. (2019)
Schmidt et al. (2016) IG1
Schmidt et al. (2016) 1G3
Schmidt et al. (2019) IG1
Schmidt et al. (2019) 1G2
Van de Berg et al. (2019)

Hedges's

Statistics for each study Hedges's g and 95% CI
Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
0.735 0230  0.053 0286 1.185 3.204 0.001 —i—
0.299 0318  0.101 -0.324 0.921 0941 0.347 —
0.449 0320  0.102 -0.178 1.076 1.404 0.160 i
0.556 0214  0.046 0.136 0976 2.594  0.009 ——
0.136 0.366  0.134 -0.581 0.853 0371 0.711 —_——
0.121 0366  0.134 -0.596 0.838  0.331 0.741 —_——
-0.716 0304  0.092 -1312 -0.121 -2.357 0.018 ——
-0.384 0.294  0.086 -0.960 0.193 -1.305 0.192 i
0.250 0.095  0.009 0.064 0436 2.634 0.008 L 3
0.193 0.138  0.019 -0.077 0.464 1401 0.161 4’
-2.00 -1.00 0.00 1.00 2.00
Favours control Favours AB

Figure 3. Forest plot of changes in concentration in school-age students participating in active breaks (AB) compared to

controls. Values shown are effect sizes (Hedges’ g) with 95% confidence intervals (CI). The size of the plotted squares reflects

the statistical weight of each study. The black diamond reflects the overall result. This trend is not statistically significant.

IG: intervention group; HA: high-active subgroup; LA: low-active subgroup. * Critical risk in ROBINS-I.

3.4.4. Effects on Selective Attention

Six studies measured selective attention with the d2, FACES and the Sky-Search task
in TEA-Ch tests. With the exception of one study [23], the other three studies that measured
acute effects reported positive results, with ABs varying between 12 and 20 min of MPA
or VPA. Of note, one of the interventions only reported favorable results on the group
that participated in two ABs during the same morning and no differences between one
AB and no AB [35], while other reported only benefits for the AB of MPA and not for the
VPA AB [6]. In addition, greater benefits were reported among low-income students [45].
Regarding the chronic effects, results were similar to the concentration’s results.

Four studies provided data for selective attention, involving five experimental and
four control groups (pooled n = 395). There was a moderate effect of AB on selective
attention (ES = 0.61; 95% CI = 0.41 to 0.82; p < 0.001; I> = 0.0%; Egger’s test p = 0.036
(corrected values: ES = 0.67, 95%CI 0.45 to 0.88); relative weight of each group: 7.2 to
41.1%; Figure 4). A sensitivity analysis according to ROBINS-I was conducted, removing
the study of Buchele et al. (2018) [48], with no significant changes in results (i.e., p-value
remained at <0.001, mean ES = 0.59). Similarly, after study-by-study and group-by-group
sensitivity analyses, no significant changes in results were noted (i.e., p-value remained
at <0.001, mean ES = 0.48 to 0.65). No significant sub-group differences (p = 0.963) were
identified between acute (ES = 0.55; 95% CI = 0.10 to 1.00; within-group I? = 43.5%, three
study groups) and chronic effects (ES = 0.54; 95% CI = 0.23 to 0.84; within-group 12 = 0.0%,
two study groups).
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower ~ Upper

g error  Variance  limit limt ~ Z-Value  p-Value
Altenburg et al. (2016) 1G2 0.401 0387 0.150  -0358 1159 1.035 0301 -
Altenburg et al. (2016) IG1 0.089 0392 0.154  -0680 0858 0227 0821 —_—
Buchele et al. (2018)* 0.547 0226 0051 0104 0991 2417 0016
Ordofiez et al. (2019) 0.531 0214 0046 0112 0951 248 0013 -
Tine et al. (2012). 0.821 0.162 0026 0503 L1138  5.062  0.000

0.613 0.104 0011 0409 0817 5900  0.000 ¢

200 -1.00 000 1.00 2.00
Favours control Favours AB

Figure 4. Forest plot of changes in selective attention in school-age students participating in active breaks (AB) compared
to controls. Values shown are effect sizes (Hedges’ g) with 95% confidence intervals (CI). The size of the plotted squares
reflects the statistical weight of each study. The black diamond reflects the overall result. This is a statistically significant
result. IG: intervention group. * Critical risk in ROBINS-I.

3.4.5. Effects on Shifting

Shifting was only assessed in three studies [41-43] that used the flanker task to test
acute effects. None of them found any acute effect after ABs. In the meta-analyses, the
three studies provided data, involving five experimental and three control groups (pooled
n = 441). There was a trivial effect of AB on shifting (ES = —0.18; 95% CI = —0.52 to 0.15;
p = 0.286; I? = 65.7%; Egger’s test p = 0.229; relative weight of each group: 19.1 to 21.8%;
Figure 5). After study-by-study and group-by-group sensitivity analyses, no significant
changes in results were noted (i.e., p-value remained at >0.05, mean ES = —0.29 to 0.27).

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Eggeretal. (2018)IG1 ~ -0.835 0239  0.057 -1.303 -0.367 -3.495 0.000 ——

Eggeretal. (2018)IG3  -0.198 0237  0.056 -0.663 0266 -0.837 0.403
Jageretal. (2015) IG1 0.118 0228  0.052 -0.330 0.565 0516  0.606
Jageretal. 2015)I1G2  -0.179 0223 0.050 -0.617 0.259 -0.802 0423
Jagger et al. (2014) 0.128 0.195  0.038 -0.254 0510 0.655 0512

-0.182 0.171 0.029 -0517 0.152 -1.068 0.286

-2.00 -1.00 0.00 1.00 2.00

Favours control Favours AB

Figure 5. Forest plot of changes in shifting in school-age students participating in active breaks (AB) compared to controls.
Values shown are effect sizes (Hedges’s g) with 95% confidence intervals (CI). The size of the plotted squares reflects the
statistical weight of each study. The black diamond reflects the overall result. This trend is not statistically significant. IG:
intervention group.

3.4.6. Effects on Sustained Attention/Vigilance

ANT, d2 and PVT tests were employed in each of the three studies that measured
sustained attention/vigilance [47-49]. No acute effects were found [49]. On the other hand,
positive chronic effects after a four-week intervention were found [48], but it presented
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a high risk at ROBINS-I. Meta-analyses could not be run since there were less than three
studies per analysis.

3.4.7. Effects on Other Outcomes

Only one study [47] measured orienting, in 9 to 12-year-old students, before and after
a 9-week intervention of daily MVPA cognitive ABs. No chronic effects were found. In
addition, one study, of 8 to 11-year-old students, reported a global outcome of attention by
a compendium of different executive function tasks [50]. This study found favorable acute
effects after 10-15 min of AB involving aerobic MPA. Due to the reduced number of studies
reporting data for these outcomes, a meta-analysis was precluded.

4. Discussion
4.1. Discussion of Evidence

The present systematic review with meta-analysis scrutinized and synthesized the
literature related to the effects of ABs on students’ (of any age) attention when compared to
control conditions. The results do not point to any clear acute or chronic effects of ABs on
students’ overall attention, although some positive effects were found in terms of accuracy,
concentration, inhibition, sustained attention, and (especially) selective attention. The
meta-analysis revealed no statistical differences between AB and control groups regard-
ing inhibition (Figure 2), concentration (Figure 3), or shifting (Figure 5). The trends for
inhibition and concentration favored AB groups, and the trend for shifting favored the
control groups. Nevertheless, all three meta-analyses included zero in their confidence
intervals; therefore, no solid conclusions can be drawn. However, for selective attention,
there was a significant difference between the AB and control groups (Figure 4) in favor of
the former. These results will be discussed. In addition, overall, ABs did not compromise
students’ attention.

As a first approximation to the problem, we suggest that the small number of positive
effects [6,23,35,42,44-46,48,50] in the different included outcomes could be attributed to
the fact that performing any type of exercise provokes neurophysiological changes in the
brain [52]. Nevertheless, there is much heterogeneity and a wide variety of ABs protocols
encountered (i.e., durations ranging from 4 to 20 min; intensities of exercise ranging from
moderate and vigorous; the inclusion of various types of PA such as aerobic, anaerobic,
and muscular resistance; and the use of specific cognitive tasks to assess attention such
as d2, ANT, and the flanker task). These differences do not provide clear evidence and
have sparked controversy due to the non-existence of general guidelines for applying and
implementing ABs.

Regarding the acute exercise paradigm, positive effects were observed only for accu-
racy [23], concentration [44], inhibition [42], and selective attention [6,35,45]. This suggests
that cognitive activities performed after exercise lasting 4 to 20 min could produce overall
benefits to students’ attention. In addition, regarding the studies including chronic AB
interventions, positive effects were observed after 10 weeks in terms of concentration and
selective attention [46]. Likewise, positive chronic effects on sustained attention were found
after a four-week intervention [48].

Despite the lack of support from the meta-analyses, the positive findings found
regarding selective attention are in line with the study of Donnelly et al. (2016) [53], who
showed that routinely practicing PA in schools enhances cognitive performance. In fact,
chronic exercise positively influences different attention processes in children [54]. In all
cases, an argument could be made for the importance of studying additional moderators
since these could influence the effects of exercise [20]. However, the small number of
studies found per outcome did not allow us to make robust distinctions about the effects
according to the moderators [20].

Despite the lack of clear moderators explaining the relationship between exercise and
cognitive function, the results suggest that the intensity of the exercise used in ABs plays a
fundamental role in the literature exploring the specific effects of PA on cognition. In fact,
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the current research suggests that some attentional outcomes improved after ABs at MVPA
intensities (40 to 80 of VO,max). However, many studies did not monitor the intensities of
ABs, nor did they measure the magnitudes of the changes in some physiological mecha-
nisms (e.g., brain-derived neurotrophic factor, catecholamines, increased cerebral blood
flow) [20,55] to predict their possible effects on behavior and cognitive performance.

Nevertheless, in most studies, ABs were carried out in the classroom and never un-
der laboratory conditions. For this reason, measuring exercise intensities with a large
sample is a truly complex matter. In fact, objective instruments (either a heart rate
monitor [19,35,41-43,45,51] or accelerometry [6,24,47,49]) were used to calculate the loads
of ABs. However, researchers have also relied on subjective measures controlled by the
teachers—in some cases, the measures were simply not registered [23,44,46,48,50]. In all
cases, a potential and valid proposal might be the use of the subjective perception of
effort (e.g., Egger et al. 2018 [41], Schmidt et al. 2016 [19]). This approach, which helps
calculate metabolic changes during exercise, could be an effective option to use in school
children [56,57].

In light of the above discussion, another key factor that might moderate the effects of
ABs is the person who applies the AB. In this sense, it would be appropriate for physical
education teachers to be responsible for applying ABs in all interventions [1,27]. On the
one hand, they have the capacity to guide research proposals since they have a deeper
knowledge of training principles involved in any kind of PA. On the other hand, they could
provide students and other teachers with techniques for controlling the intensity of the AB
in each intervention, which is suggested as being a determinant of outcomes in the present
work [26].

4.2. Study Limitations

The first limitation of this systematic review is the small number of studies found
per outcome and associated effect of PA (i.e., acute or chronic) and the heterogeneity
among these studies’ designs. This leads to the second main limitation, which is that
the ESs for each effect type cannot rely on a minimum of three studies in all cases. In
addition, the heterogeneity was considerable for chronic effects in concentration and
acute effects in shifting. Altogether, these limitations indicate that the results should be
interpreted with caution.

4.3. Practical Implications

The outcomes of this study present implications for incorporating ABs into school
lessons to improve students’ attention. Through ABs students can reach higher levels of
PA, which promotes a healthy lifestyle.

However, teachers are not usually adequately prepared to carry out ABs throughout
the day during class. Thus, teachers should be trained on the correct implementation of
ABs and the integration of movement on class days to ensure that ABs positively affect
students” health and cognition. To achieve this, ABs should control physiological measures
to objectively calculate exercise intensity. As a result, students might obtain more benefits
from ABs if teachers are also trained in the use and interpretation of measures of PA
intensity feasible for in-class use, such as the Borg scale [58-60].

Finally, as it relates to practical implications, the duration of ABs varied from 4 min
to more than 20 min. However, previous research has shown that only exercise of more
than 20 min had positive results on cognitive performance [20]. From an educational point
of view, it could be thought that adding a 20-min break into current school timetables
may compromise the learning time. Therefore, ABs of such a length may not be practical.
Additionally, evidence on this matter is not clear, as a recent review found that the duration
of PA was inversely related to attentional performance [12].

Notwithstanding, from an academic performance perspective, increasing the amount
of school-based PA does not compromise academic achievement and can improve class-
room behavior and academic achievement [14]. In addition, as seen in some of the included
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studies, ABs can include academic content [24,49] and, therefore, could also be included
in the learning time. Although more conclusive evidence is needed on this topic, ABs
could be included and adapted to different educational contexts and would be effective for
improving students” health and cognitive outcomes as long as the required intensity and
time are met.

5. Conclusions

There are no clear positive effects of ABs on students” attention. The heterogeneity in
the designs and measurements of the studies and the small number of studies carried out
in school environments are the main reasons for the lack of conclusive results. Notwith-
standing, it seems that including PA in school time through ABs does not compromise
students” attention, and it could positively affect selective attention.

The intensity and duration of the PA seem to play a key role in cognitive effects.
Therefore, efforts should be made to help teachers understand how to motivate their
students to reach the correct intensity levels when carrying out an AB.

Even though research on ABs started around a decade ago, clear evidence is still
lacking regarding their effects on attention. The results presented here highlight that this
topic is still of significant relevance.
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Appendix A

Table A1l. Excluded full texts with reasons.

Reason for Exclusion

Excluded References

No AB

Adsiz et al. (2012) [61]
Amicone et al. (2018) [62]
Bartholomew et al. (2018) [63]
Ben-Zeev et al. (2020) [64]
Blasche et al. (2018) [65]

Budde et al. (2008) [28]
Chou et al. (2020) [66]
Chrismas et al. (2019) [67]
Contreras et al. (2020) [68]

Egger et al. (2019) [69]

Fenesi et al. (2018) [70]

Flippin et al. (2020) [71]
Gonzalez et al. (2020) [72]
Grieco et al. (2016) [73]
Howie et al. (2015) [74]
Howie et al. (2014) [75]
Kubesch et al. (2009) [76]
Mahar (2011) [77]
Mavilidi et al. (2020) [78]
Mazzoli et al. (2019) [79]
McGowan et al. (2020) [80]
Merriman et al. (2020) [81]
Miklés et al. (2020) [82]
Napoli et al. (2005) [83]

Niedermeier et al. (2020) [84]

Ochoa et al. (2020) [85]
Owen et al. (2018) [86]
Pesce et al. (2013) [87]

Ruiz-Ariza et al. (2021) [88]

Sanchez-Lépez et al. (2015) [89]

Sugahara et al. (2018) [90]
Tan et al. (2016) [4]
Vazou, et al. (2020) [91]
Watson et al. (2017) [92]
Watson et al. (2019) [93]
Webster et al. (2015) [94]

No AB
No attention: Time on task
No AB: PE lesson
No attention
No proper CG: PE lesson
No AB: PE lesson
No AB
Not written in English. No control group
No proper CG: highly demanding cognitive
lesson
No attention: self-reported mind wandering
question
No AB
Not written in English
No attention: Time on task
No attention
No attention: Time on task
No AB: PE lesson
Review
No attention: Time on task
No AB
Laboratory
Report
Laboratory
No AB
No pre-posttest on objective measure of
attention
Not written in English
No AB
No AB
Not written in English
Protocol
No AB
No attention: Time on task
No attention: Observation
Protocol
No attention: Classroom behavior
No attention: Time on task

AB: active break, CG: control group, PE: physical education.
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Table A2. Qualitative assessment.
Study Outcome Dila D1b D2 D3 D4 D5 DS Overall
Altenburg et al. (2016) [35] All L - L L SC SC - SC
Buchele et al. (2018) * [48] All C L S L NI M M C
Egger et al. (2018) [41] All SC - SC L L SC - SC
Hill et al. (2010) [50] All L L SC L L SC SC SC
Jager et al. (2014) [42] All SC - L L L SC - SC
Jager et al. (2015) [43] All SC - SC L L H - H
Janssen et al. (2014) [6] All SC - SC H L H H H
Ma et al. (2015) [23] All SC - SC H L SC SC H
Niemann et al. (2013) [44] All L - SC H L H - H
Ordoénez et al. (2019) [46] All L L SC H L SC H
Schmidt et al. (2016) [19] All SC - L L L SC - SC
Schmidt et al. (2019) [24] All SC L SC L L SC - SC
Selective
Tine et al. (2012) [45] attention SC ) SC L L H ) H
Accuracy SC - SC H L H - H
van den Berg et al. (2016) [51] All L L SC L L SC L SC
All but focused L sC L L e ) e
van den Berg et al. (2019) [47] attention
Focused atteptlon L L sC L H sC ) H
(concentration)
Wilson et al. (2016) [49] All L L L L L SC SC SC

D1a: Randomization process; D1b: The timing of identification or recruitment of participants in a cluster-randomized trial; D2: Deviations
from the intended interventions; D3: Missing outcome data; D4: Measurement of the outcome; D5: Selection of the reported result; DS:
Period and carryover effects. C: Critical; H: High risk; L: Low risk; M: Moderate; NI: No information; S: Serious; SC: Some concerns.
* Assessment from ROBINS-I: D1a: Bias due to confounding; D1b: Bias in selection of participants into the study; D2: Bias in classification of
interventions; D3: Bias due to deviations from intended interventions; D4: Bias due to missing data; D5: Bias in measurement of outcomes;
S: Bias in selection of the reported result.

Table A3. Protocols of interventions.

Attentional Outcome Test/Task Calculation
Accuracy d2 Errors (%)
. FACES Total correct responses—Errors (Commission)
Concentration
d2 Total correct responses-Commission errors
Compendium of tasks (paced serial addition,
Global attention size ordering, listening span, digit-span Overall score
backwards, and digit-symbol encoding)
ANT (flanker) Incongruent-Congruent
Inhibition Flanker Incongruent-Congruent
Stroop Incongruent-Congruent
Orienting ANT (flanker) Center cue-Spatial cue
d2 Total number of responses—Errors
FACES Total of right responses

Selective attention

Time of pair identification-Time of motor

TEA-Ch
performance
Shifting Flanker SCORE (Mixed block)-SCORE (Standard block)
ANT (flanker) SCORE no cue — SCORE center cue
Sustained attention/Vigilance d2 Fluctuation rate
PVT Mean response time to a repeating visual

stimulus

ANT: attentional network test; PVT: psychomotor vigilance task; TEA-Ch: Test of Selective Attention in Children.
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