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development of students in the school environment. The overall aim of this study was to analyse and
compare the effect of interventions based on active breaks and cognitively challenging physical tasks to
improve executive functions. The search for research was carried out in Web of Science, ERIC, Scopus,
PsycINFO, Pubmed and Cochrane Library from May to August 2024. It has been considered studies that
applied a physical activity programme with cognitive demands or application of active breaks and that
used a randomised controlled trial or controlled trial design. The quantitative synthesis consisted of 22
studies. Two moderating variables were established: physical activities with cognitive demands and the
use of active breaks. The application of physical activities with cognitive demands was more effective for
working on cognitive flexibility (g=1.47, CI=[0.70, 2.25]), fluency (g=1.71, CI=[1.16, 2.27]) and updating
(g=1.05, CI=[-0.96, 3.06]). The application of active breaks was more efficient for attention work (g=0.74,
CI =[0.01, 1.47]), inhibition (g=1.24, CI = [0.56, 1.92]) and working memory (g=1.00, CI = [-0.54, 2.55]).
It has been concluded that the presence of cognitive load in school physical activities condition the work

of different executive functions.
© 2025 Universidad del Pais Vasco. Published by Elsevier Espaiia, S.L.U. All rights are reserved,
including those for text and data mining, Al training, and similar technologies.
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Analisis de las propuestas educativas basadas en ejercicios con demandas cog-
nitivas y descansos activos para la mejora de las funciones ejecutivas. Una re-
vision sistematica y meta-analisis

RESUMEN

Palabras clave: En el entorno escolar los jévenes muestran un elevado nivel de sedentarismo. Se ha demostrado que la
Metodologas activas actividad fisica es beneficiosa para mejorar la calidad de vida de los estudiantes. Asimismo, la actividad
Funciones ejecutivas fisica con retos cognitivos y la aplicacién de descansos activos son herramientas eficaces para trabajar el
Educacién desarrollo cognitivo de los estudiantes en el centro educativo. El objetivo general de este estudio ha sido el
de analizar y comparar el efecto de las intervenciones basadas en descansos activos y las tareas fisicas con
demandas cognitivas para mejorar las funciones ejecutivas. La bisqueda de investigaciones se ha llevado
acabo en Web of Science, ERIC, Scopus, PsycINFO, Pubmed y Cochrane Library desde mayo hasta agosto de
2024.Se han tenido en cuenta los estudios que han aplicado un programa de actividad fisica con demandas
cognitivas o descansos activos y que hayan seguido un diseflo de ensayo controlado aleatorizado o ensayo
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controlado. La sintesis cuantitativa ha quedado formada por 22 estudios. Se han establecido dos variables
moderadoras: actividades fisicas con demandas cognitivas y aplicacién de descansos activos. La aplicaciéon
de actividades fisicas con demandas cognitivas ha sido mas efectiva para trabajar la flexibilidad cognitiva
(g=1.47,1C=[0.70, 2.25]), fluidez (g = 1.71, IC = [1.16, 2.27]) y actualizacién (g = 1.05, IC = [-0.96, 3.06]).
La aplicacion de descansos activos ha sido mas eficiente para el trabajo de la atencioén (g = 0.74, IC = [0.01,
1.47]), inhibicién (g = 1.24, IC = [0.56, 1.92]) y memoria de trabajo (g = 1.00, IC = [-0.54, 2.55]). Se ha
concluido que la presencia de carga cognitiva en las actividades fisicas escolares condiciona el trabajo de

diferentes funciones ejecutivas.
© 2025 Universidad del Pais Vasco. Publicado por Elsevier Espaiia, S.L.U. Se reservan todos los derechos,
incluidos los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.

Introduction

Numerous research studies affirm that regular physical activ-
ity has a beneficial impact on human health (Gasana et al., 2023;
Martinez-Heredia et al., 2020). Despite a wide range of scientific
studies that empirically demonstrate the benefits of regular phys-
ical activity, there are very worrying data related to the level of
sedentary lifestyles in the youth population (Li et al., 2022). Accord-
ing to the World Health Organization (2019), excessive sedentary
behaviour among young people is considered a serious health prob-
lem. Studies show that primary and secondary school students
spend a high proportion of the school day engaging in seden-
tary behaviour (Cain, 2022; Kuzik et al., 2022). Specifically, in
the academic environment, adolescents and pre-adolescents spend
209 minutes a day in sedentary activities and only 16 minutes a
day in physical activities (de Greeff et al., 2016; Egan et al., 2019).
Such attitudes affect the quality of life, well-being and develop-
ment of young people (Cain, 2022; Kuzik et al., 2022). Increased
time spent in regular physical activity at school is positively related
to improved cognitive performance (Watson et al., 2017). Research
has shown that the implementation of physical activity-based pro-
grammes during lectures leads to the activation of selective parts of
the brain’s structural network (de Greef et al., 2018). This activation
leads to improvements in the cognitive functions of the learners
(Alvarez-Bueno et al., 2017).

Executive functions are advanced cognitive functions that are
responsible for initiating, controlling, regulating and monitoring
human information and behavioural processes (Luo et al., 2023).
These develop throughout childhood and adolescence coinciding
with periods of growth in the maturation of the frontal lobes (Jurado
& Rosselli, 2007). These developmental periods have been iden-
tified from 6 to 16 years of age (Jurado & Rosselli, 2007). This
developmental period coincides with the stages of elementary and
secondary education. These functions can be classified according to
how they operate (Egger et al., 2019). The first of these focuses on
updating and storing information (Miyake et al., 2000). The second
one relates to the ability to inhibit and control impulsive responses
(Egger et al., 2019). The last one refers to the ability to switch
between different operations, perspectives, tasks and rules (Egger
etal., 2019). These variables have a high degree of relevance for suc-
cessful outcomes related to the teaching-learning process (Gilmore
et al., 2024).

One of the most used strategies for working on executive func-
tions in the academic environment is active breaks (Miiller et al.,
2021; Muiioz-Parrefio et al., 2021). This learning strategy is char-
acterised by interrupting the sedentary teaching-learning process
by using physically active academic classes (Contreras-Jordan et
al., 2020; Melguizo-Ibafiez, Zurita-Ortega et al., 2024). The applica-
tion of active breaks is effective in working on inhibition, attention,
working memory and cognitive flexibility from 5 to 17 years of age
(Graham et al., 2021; Melguizo-Ibafiez, Puertas-Molero et al., 2024;
Mufioz-Parrefio et al., 2021; Ruiz-Ariza et al., 2021). When planning
an intervention based on active breaks it is necessary to consider
the intensity of the activity along with its duration (Contreras-

Jordan et al., 2020; Melguizo-Ibanez, Zurita-Ortega et al., 2024;
Pastor-Vicedo et al., 2021). Active breaks lasting between 10 and
20 minutes and performed at a moderate-vigorous intensity have
better results on executive functions (Contreras-Jordan et al., 2020;
Melguizo-Ibafiez, Zurita-Ortega et al., 2024).

Another strategy that uses physical activity to improve exec-
utive functions is physical tasks that require cognitive demands
(de Greeff et al., 2018). These types of activities involve tasks that
require a large amount of cognitive effort to comprehend new infor-
mation and activities in which complex motor skills are practised
(Wangetal., 2024). Cognitive physical activities require an adaptive
capacity of the brain to constantly respond to changing demands,
which promotes brain neuroplasticity (de Greeff et al., 2018). They
activate similar brain areas and networks, helping to improve dif-
ferent cognitive functions (Raichlen & Alexander, 2017).

The study by Mazzoli et al. (2021) found that there are differ-
ences in brain activation between cognitive physical activities and
active breaks. The results indicated more efficient neural activity
in the dorsolateral prefrontal cortex of the students who followed
the cognitive physical activity programme (Mazzoli et al., 2021).
Physical activities with high cognitive engagement are more effec-
tive on executive functions than those with relatively low cognitive
engagement (de Greeff et al.,, 2018, 2016). The effects of phys-
ical activity on improving attention and executive functions in
young people depend on the type of activity chosen and the cog-
nitive load (Pastor-Vicedo et al., 2021). Despite the results found
by Mazzoli et al. (2021) intervention programmes have found that
active breaks without cognitive load are effective tools to improve
cognitive functions (Mufoz-Parrefio et al., 2021; Pastor-Vicedo et
al., 2024). Therefore, this study aims (1) to identify research based
on the application of active breaks and physical tasks with cognitive
demands to improve executive functions in primary and secondary
education; (2) to analyse the effect of interventions based on active
breaks and physical tasks with cognitive demands to improve exec-
utive functions; and (3) to compare the effects of interventions on
different executive functions.

Method
Design

The study has been conducted in accordance with the criteria set
outinthelatest update of the PRISMA declaration (Page etal.,2021).
This research has been registered in PROSPERO to allow comparison
of the review and meta-analysis with what was foreseen in the
initial protocol. The registration code for this research has been
CRD42024567627.

Search strategy for research

The research has been conducted between May and August
2024. Web of Science, ERIC, Scopus, PsycINFO, PubMed and
Cochrane Library have been the databases consulted to search for
scientific studies. Based on the search criteria, the following struc-
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ture has been used: “Physical Activity” OR “Physical Break” AND
“Cognition” OR “Executive functions” AND “Educat™”. The search in
Web of Science has been limited to the following branches of
knowledge: “Sport Sciences”, “Psychology Applied”, “Psychology Edu-
cational” and “Education Educational Research”. The following areas
have been consulted in Scopus: “Social Sciences” and “Psychology”.
The time range for the search has been defined as 2014 to 2024.
Previously, a study of the scientific production in the databases
has been carried out. This analysis shows that most of the research
has been published since 2014. References of systematic reviews
and meta-analysis studies have also been consulted to find another
research related to the topic.

In the case of research that provided data with more than one
executive function, the research team has been asked to classify
the data for each executive function in isolation. In this way, sev-
eral groups of executive functions have been created. The variables
given the highest priority have been attention, inhibition, work-
ing memory, cognitive flexibility, fluency and updating. To define the
study sample, inclusion criteria have been established. The PICOT
strategy has been used to establish these criteria (Riva et al., 2012).
Through this strategy, inclusion criteria have been established
according to the following dimensions: population, intervention,
comparison, outcomes, time, context, language and other char-
acteristics of the studies (Riva et al., 2012). Chart 1 provides a
description of the inclusion criteria together with the reasons for

exclusion.

Chart 1

Inclusion and exclusion criteria based on PICOT strategy

Area

Inclusion criteria

Exclusion criteria

Population

Intervention

Comparison

Outcomes
Time

Context
Language
Other charac-

teristics of
the studies

Elementary and secondary
students

Students aged between 6
and 16 years old

Have carried out
interventions of active
breaks or physical activities
with cognitive demands on
executive functions
Implementation of a trial
control and randomised
controlled trial design
Compilation of pre-test
and post-test results for
the control and
experimental groups
Interventions where the
control group has not
applied active breaks and
has performed physical
activities without cognitive
demands

Assessment of executive
functions

Research published
between 2014 and 2024
Proposals developed at
schools

Writing in Spanish or
English

Use of validated
instruments and effective
data collection techniques
Provision of the following
statistics: mean values,
standard deviations and
number of participants in
the control and
experimental groups
Open Access studies

Not be students in
elementary and secondary
school

Not be between the ages of 6
and 16 years old

Do not apply active breaks or
physical exercise
programmes with cognitive
loads

Failure to present a
control trial or
randomised control
trial design

Do not analyse executive
functions

Unpublished studies
between 2014 and 2024
Studies carried out outside
the school

Studies not written in
English or Spanish

Not using validated
instruments and effective
techniques for data collection
Not providing the following
statistics: mean values,
standard deviations and
number of participants in the
control and experimental
group.

Not available in open access
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Research selection strategies

Figure 1 presents the research flowchart. The process of iden-
tifying scientific research has been executed through database
consultation and through identification by other methods. Ini-
tially, 102614 studies have been obtained. After applying the
first exclusion criteria, the sample has been reduced to 3323 sci-
entific articles. Subsequently, studies not written in English or
Spanish and research that was not open access have been dis-
carded. The application of these criteria has reduced the sample
to 236 scientific studies. The sample has then been screened
based on the design of the studies and the presence of sta-
tistical data. Through this identification method, the sample
has been reduced to 18 studies. A top-down search has also
been carried out by examining the bibliographic references of
the included articles. This resulted in the incorporation of four
new studies. Finally, the final quantitative synthesis consisted of
22 studies.

Analysis of the level of research bias

To analyse the level of bias in the selected studies, the Cochrane
risk of bias tool has been used (Higgins et al., 2011). This analysis has
been carried out to check for any biases that may have influenced
the effects of the different studies. The risk of bias has been analysed
by three researchers according to the dimensions set out in the
Cochrane manual (Higgins et al., 2011). When assessing the level
of agreement between researchers, a value for Cohen’s Kappa of
.823 has been obtained.

Calculation of effect size

The Review Manager 5.3 software was used. To calculate the
effect size, mean values, number of participants and standard devi-
ations have been considered. All these data have been extracted
from the original investigations by the research team. The cal-
culation is based on the difference of the standardised mean
values, adjusted for sample size (Sanchez-Meca & Botella-Ausina,
2015). The size of the effect has been classified into four lev-
els: nil (<0.20), small (0.21-0.49), moderate (0.50-0.79) and large
(>0.80) (Cohen, 1998). The results have been classified according
to the technique used to improve executive functions: Physi-
cal activities with cognitive demands and implementation of active
breaks.

Codification of research

The quantitative synthesis studies have been codified by each
of the researchers. This has been done to check the researchers’
agreement in extracting data from the studies and calculating
effect sizes. The authors’ level of agreement has been 85.7%. The
effect size of each study has been calculated by three authors.
The Fleiss Kappa index has been used to evaluate the method-
ological quality of the research (Kr) (Fleiss, 1981). Cohen’s Kappa
index has been used to assess the quality of coding (K¢) (Cohen,
1960). For the first index a value of Kr=.715 has been obtained
and for the second a value of Kr=.885 has been achieved. The
results obtained have shown a high degree of agreement among
the research team (Landis & Koch, 1977). For the extraction of the
data from the studies, the researchers have used the following cod-
ing process (Table 1): (1) Author/s (Year); (2) Research design; (3)
Sample; (4) Educational stage; (5) Technique used for the improve-
ment of executive functions; (6) Executive functions analysed; (7)
Instruments used for data collection; (8) Effect size [Confidence
Interval 95%].



Table 1
Analysis of the sample characteristics and effect sizes for each of the executive functions analysed
Author/s (Year) Research design Sample Educational Stage Technique Executive functions Instruments Effect Size
[C195%]
Kolovelonis and Randomized Controlled 102 students Elementary Education Physical activities with Fluency Design fluency test 1.71
Goudas (2023) Trial (56 boys and 46 girls) cognitive demands [1.16; 2.27]
(10.134+0.57) Inhibition 1.17
[0.66; 1.68]
Cognitive Flexibility 1.45
[0.92; 1.98]
Robinson et al. (2022) Randomized Controlled 97 students Secondary Education Active Breaks Inhibition Toolbox Cognition 3.16
Trial (53 boys and 44 girls) Battery [2.55; 3.77]
(15.78 £0.44) Cognitive Flexibility 0.08
[-0.38; 0.53]
Kolovelonis and Goudas (2022)  Randomized 140 students Elementary Education Physical activities with Attention Design fluency test 0.40
Controlled Trial (71 boys and 69 girls) cognitive demands [-0.07; 0.86]
(10.97£0.51)
Bulten et al. (2022) Randomized Controlled 38 students Elementary Education Physical activities with Working Memory Leiter International 0.71
Trial (15 boys and 23 girls) cognitive demands Performance Scale [-0.10; 1.52]
(11.95+0.49) Inhibition The Stroop Task 0.20
[-0.58; 0.99]
Cognitive Flexibility Trail Making Test 0.17
[-0.61; 0.96]
Murfioz-Parrefio et al. Controlled Trial 166 students Elementary Education Active Breaks Working Memory NIH-EXAMINER Battery ~ 0.21
(2021) (92 boys and 74 girls) [-0.09; 0.52]
(10.90+0.70) Inhibition 0.57
[0.26; 0.88]
Cognitive Flexibility 0.35
[0.04; 0.66]
Miiller et al. (2021) Randomized 241 students Elementary Education Active Breaks Attention D2 Test 1.01
Controlled Trial (114 boys and 127 [0.68; 1.34]
girls)
)
Graham et al. (2021) Controlled Trial 116 students Secondary Education Active Breaks Inhibition Stroop Task 0.56
(58 boys and 58 girls) [0.18; 0.93]
(12.19+0.93) Cognitive Flexibility Trail Making Test 0.30
[-0.07; 0.67]
Updating Forward Memory Span 0.46
[0.09; 0.83]
de Bruijn et al. (2021) Controlled Trial 62 students Elementary Education Physical activities with Working Memory Spatial Span task 0.48
(30 boys and 32 girls) cognitive demands [-0.11; 1.07]
(9.20+£0.61)
Ruiz-Ariza et al. (2021) Controlled Trial 136 students Secondary Education Active Breaks Attention D2 Test - 0.11
(59 boys and 77 girls) [-0.51; 0.30]
(12.92+0.43)
Layne et al. (2021) Randomized 40 students Elementary Education Active Breaks Inhibition Go/No-Go test with 0.60
Controlled Trial (31 boys and 9 girls) signals [-0.04; 1.23]
(8-9 years old)
Vazou, Klesel, Lakes Controlled Trial 39 students Elementary Education Physical activities with Attention SWAM scale 0.24
and Smiley (2020) (21 boys and 18 girls) cognitive demands [-0.39; 0.88]
(7.69+£1.52) Inhibition Flanker test -0.33
[-0.97; 0.30]
van den Berg et al. Randomized Controlled 512 students Elementary Education Active Breaks Attention D2 Test 1.56
(2019) Trial (273 boys and 239 [1.37; 1.76]
girls) Inhibition Stroop Color-Word 1.79
(9-12 years old) Task [1.58; 1.99]
Working Memory Verbal Fluency task 1.79
[1.53; 2.05]
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Table 1
(Continued)
Author/s (Year) Research design Sample Educational Stage Technique Executive functions Instruments Effect Size
[C195%]
Egger et al. (2019) Randomized Controlled 142 students Elementary Education Active Breaks Fluency Backwards Colour 1.36
Trial (64 boys and 78 girls) Recall task [0.91; 1.82]
(7.91+£0.40) Inhibition Flanker task 0.25
[-0.16; 0.55]
Cognitive Flexibility 0.47
[0.06; 0.88]
Egger et al. (2018) Randomized Controlled 216 students Elementary Education Active Breaks Inhibition Flanker task 0.44
Trial (110 boys and 106 [0.05; 0.83]
girls) (7.94 £ 0.44) Cognitive Flexibility Flanker task 0.36
[-0.02; 0.75]
Dalziell, Boyle and Mutrie Randomized 46 students Elementary Education Physical activities with Working Memory Lucid Assessment 0.21
(2016) Controlled Trial (22 boys and 24 girls) cognitive demands System for Schools [-0.37; 0.79]
(9-10 years old) (LASS 8-11)
de Greeffetal. (2016) Randomized 499 students Elementary Education Physical activities with Working Memory Digits backward and 0.23
Controlled Trial (226 boys and 273 cognitive demands Visual span backward [0.05; 0.40]
girls) (8.1 +0.70)
Koutsandréou, Wegner, Randomized 71 students Elementary Education Physical activities with Working Memory The Letter Digit Span 0.99
Niemann and Budde (2016) Controlled Trial (32 boys and 39 girls) cognitive demands [0.40; 1.58]
(9.35+0.60)
Pesce, Masci et al. Randomized Controlled 920 students Elementary Education Physical activities with Inhibition Random Number 0.39
(2016) Trial (480 boys and 440 cognitive demands Generation task, [0.20; 0.57]
girls) Working Memory 0.14
(5-10 years old) [—0.04; 0.32]
Attention Cognitive Assessment 0.80
System [0.61; 0.99]
Pesce, Marchetti et al. Randomized Controlled 90 students Secondary Education Physical activities with  Inhibition Random Number 0.14
(2016) Trial (57 boys and 33 girls) cognitive demands Generation [-0.28; 0.55]
(14.50+0.50) Updating 0.02
[-0.39; 0.44]
Schmidt et al. (2016) Randomized 92 students Elementary Education Active Breaks Attention D2 Test 0.16
Controlled Trial (50 boys and 42 girls) [-0.45; 0.77]
(11.77 £0.41)
Schmidt et al. (2015) Randomized Controlled 181 students Elementary Education Physical activities with Updating E-Prime Software 2.08
Trial (82 boys and 99 girls) cognitive demands (Psychology) [1.64; 2.52]
(10-12 years old) Software Tools,
Pittsburgh, PA
Inhibition Flanker task 2.08
[1.64; 2.52]
Cognitive Flexibility 213
[1.68; 2.57]
Chen, Yan, Yin, Pan and Randomized Controlled 98 students Elementary Education Physical activities with Inhibition Flanker task —0.54
Chang (2014) Trial (56 boys and 42 girls) cognitive demands [-1.19; 0.10]
(9-11 years old) Working Memory N-back (2-back) 1.74
[0.99; 2.50]
Cognitive Flexibility The more-odd task 2.03
[1.24; 2.82]
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Identification of studies through databases

Identification of
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by other

5 Records identified from Web of Science Records from citation searches
k] (N = 83556), Scopus (N = 2941), ERIC Excluded as non-research articles (N =26)
£ (N =10795), PsycINFO (N = 488), (N =33079)
@ | | Pubmed (N =35)and Cochrane Library Excluded for not belonging to the 2014-2024-
T .
= (N =4799) time range
(N =32142)
Excluded for not belonging to the categories
“Education Educational Research”, “Sport
Sciences”, “Applied Psychology” and
“Educational Psychology”
(N =29405)
Excluded for not belonging to the categories
“Social Sciences”and “Psychology”
(N = 2536)
— Excluded due to repetition
Number of articles reviewed by title, (N=2129) Reports requested for recovery l__| Unrecovered reports
abstract and keywords (N =26) (N=1)
(N =3323)
Excluded for not being written in Spanish or
English
(N =239)
Excluded for not being open access
2| | Number of full-text articles d for (N = 2848) -
s admissibility Excluded for not having
$ (N =236) a trial control and
@ randomised controlled

(N=197)

Excluded for not having a trial control and Reports assessed for admissibility trEE;\], 2615 EISn
randomized contralled trial design (N=25) Excluded for not

submitting sufficient

Articles included in the qualitative
synthesis
(N =39)

statistical data
(N=3)

data
(N=21)

Excluded for not submitting sufficient statistical

Studies included in the review
(N=18)
Reports of included studies
(N=4)

)

Inclusion

Research forming the quantitative
synthesis
(N=22)

(

Figure 1. Research flowchart.

Statistical analysis of the meta-analysis

Arandom effects meta-analysis has been carried out to combine
the effect sizes of each study. The impact of the type of strategy
used to work on executive functions has been analysed through
subgroup analysis. Specifically, this variable has been subdivided
into two sub-variables: Physical activities with cognitive demands
and implementation of active breaks. Egger’s regression test (Egger
et al., 1997) has been used to investigate publication bias. This test
has been shown to be more effective than the Begg test in detecting
possible asymmetries (Fernandez-Castilla et al., 2021). In addition,
Egger’s test is characterised by its high specificity (Rubio-Aparicio
et al,, 2018), with the effect being statistically significant if Z >
1.96 or Z < — 1.96 (Fernandez-Castilla et al., 2021; Sanchez-Meca
& Botella-Ausina, 2015). To determine the level of heterogeneity,
the Q statistic has commonly been used (Sanchez-Meca & Botella-
Ausina, 2015). It considers the deviations between the results of
each investigation according to the contribution of each one and
the overall result of all the investigations (Borenstein et al., 2021;
Molina-Arias, 2018). Some authors have claimed that the Q-statistic
is conservative, hence the statistical significance value has been set
at p< .1 (Borenstein et al., 2021). In addition, it does not facilitate
group diversity and becomes less accurate when little research is
available (Borenstein et al., 2021; Molina-Arias, 2018).

For the above contextualisation, the I statistic has also been
used for the heterogeneity analysis. Through the value obtained
for this index, it has been possible to estimate the total variability
(Molina-Arias, 2018). The value of I2 is between 0 and 100 (Molina-
Arias, 2018). The heterogeneity classification thresholds have been

25%, 50% and 75% to establish low, moderate or high heterogeneity
respectively (Borenstein et al., 2021; Molina-Arias, 2018).

Results
Analysis of the studies in the sample

The sample of this meta-analysis study consists of 22 scientific
studies. A total of 4044 students have participated in this study.
Specifically, 50.74% (n=2052) are boys and 49.26% (n=1992) are
girls. Continuing with the distribution of participants according
to educational stage, 89.14% (n=3605) belong to elementary edu-
cation and 10.86% (n=439) to secondary education. In terms of
the techniques used to improve executive functions, 12 studies
presented physical activities with cognitive demands and 10 imple-
mented active breaks.

Risk of bias of the study sample

Figure 2 presents the risk of bias for the different dimensions
analysed. For this research, low risk of bias is shown for ran-
dom sequence generation (n=15, 68.18%), allocation concealment
(n=20, 90.90%), blinding of participants and staff (n=17, 77. 27%),
blinding of outcome assessment(n=16,72.72%),incomplete results
(n=18, 81.81%), selective reporting (n=15, 68.18%) along with
other sources of bias (n=11, 50.0%). High risk of bias is denoted
for random sequence generation (n=1, 4.54%), blinding of out-
come assessment (n=1, 4.54%) and for other sources of bias (n=4,
18.18%).



F. Zurita-Ortega, G. Gonzdlez-Valero, J.L. Ubago-Jiménezet al.

Generation of random sequence [MIIINNEINNNNENS 5 W
Concealment of the allocation 0N

Blinding of participants and personnel

Incomplete Results

B —

Biinding of adon NG s W
s
s

Selective reporting

Other sources of bias I 7

= Low Risk Unclear Risk ®High Risk

Figure 2. Analysis of sample bias levels.

Influence of the type of intervention on executive functions

Figure 3 presents the effects for cognitively demanding physi-
cal tasks and active breaks for attention. A positive and moderate
effect of both interventions on the improvement of this executive
function is denoted (g=0.65, CI = [0.22, 1.09] p< .00001, Q=72.70,
I2=92%,7=2.93,p=.003) however, the differences between groups
are not statistically significant (Q=0.17,df =1, I = 0%, p = .68).

Figure 4 highlights the results of both intervention programmes
on inhibition. It shows a large and positive effect of both techniques
on this executive function (g=0.81, CI = [0.36, 1.26] p< .00001,
Q=252.32, I>=95%, Z=3.52, p= .004). Differences between groups
are statistically significant (Q=4.24, df = 1, I* = 76.4%, p = .04). Stud-
ies that implement active breaks (g=1.24,CI=[0.56,1.92] p < .00001,
Q=135.99, 2=96%, Z=3.58, p= .0003) show greater effectiveness
than proposals based on physical activities with cognitive demands
(g=0.38, CI = [-0.08, 1.84] p< .00001, Q=46.72, I2=87%, Z=1.60,
p=.11).

Figure 5 provides the results of the intervention programmes on
working memory. Specifically, both work methodologies are ade-
quate and present a moderate effect for working on this executive
function (g=0.70, CI = [0.24, 1.16] p< .00001, Q=133.54, I? =94%,

Control
Mean SD Total Weight

Experimental
Study or Subgroup Mean SD Total

Std. Mean Difference
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Z=2.99, p=.003). The differences between the groups are not sta-
tistically significant (Q=0.36, df =1, I? = 0%, p = .55).

Figure 6 presents the findings on cognitive flexibility. A posi-
tive and moderate effect of both interventions on this executive
function is obtained (g=0.79, CI =[0.32, 1.27] p< .00001, Q=80.12,
2=90%,Z=3.27, p= .001). The differences between the groups are
statistically significant (Q=8.02, df = 1, 2 = 87.5%, p = .005). It is
observed that physical activities with cognitive demands (g=1.47,
CI = [0.70, 2.25] p= .0002, Q=19.34, 2=84%, Z=3.72, p= .0002)
are more effective than the application of active breaks (g=0.32,
CI = [0.16, 0.49] p= .0002, Q=1.66, I2=0%, Z=3.78, p= .0002) to
improve this executive function.

Figure 7 presents a large and positive effect of active breaks and
cognitively demanding physical tasks on fluency (g=1.50, CI=[1.15,
1.85] p< .00001, Q=0.92, I> =0%, Z=8.42, p< .00001). The differ-
ences between the groups are not statistically significant (Q=0.92,
df=1,12 =0%,p = .34).

Finally, Figure 8 indicates that research combining physical
activity with cognitive load and active breaks has a positive and
moderate effect on updating ability (g=0.85, IC=[-0.32, 2.02] p<
.00001, Q=48.91, I2=96%, Z=1.43, p= .15) nevertheless, the differ-
ences between the groups are not statistically significant (Q=0.32,
gl=1,2=0%p=.57).

Discussion

Once the main results have been presented, they are then com-
pared with those of another similar research that has been carried
out. The application of active breaks and cognitively demanding
physical activities are favourable strategies to successfully work
on students’ executive functions. These improvements in executive
functions through physical activity are thought to result in neuro-
physiological arousal, leading to an increase in neurotransmitters
(de Greeffetal.,2018; Dishman et al.,2006).In addition, the practice
of any physical activity enhances angiogenesis and neurogenesis in
areas of the brain during the teaching-learning process (de Greeff
et al., 2018; Mavilidi et al., 2020; Ruiz-Ariza et al., 2021).

Std. Mean Difference
IV, Random, 95% CI

Risk of Bias

IV, Random, 95% CI ABCDEFG

2.1.1 Physical activities with cognitive demands

Kolovelonis et al. (2022) 4.25 n4g 36 385 1.08 36 13.9%
Fesce, Masci et al. (2016) 30 8.3 232 236 7B 228 16.0%
Yazou et al. (2020) 861 7.38 22 8443 586 17 12.2%
Subtotal (95% CI) 290 281 42.1%
Heterogeneity: Tau®= 0.06; Chi*= 4.71, df= 2 (P = 0.09); F= 58%

Test for overall effect. Z= 3.07 (P =0.002)

2.1.2 Implementation of active breaks

Miller etal. (2021) 124.09 17.41 93 105.87 18.58 69 15.1%
Ruiz-Ariza et al. (2021) 139.08 2813 48 136.29 23.66 46 14.4%
Schmidt et al. (2016) 146.36 17.08 22 14308 2297 20 12.5%
“an den Berg et al. (2019) 1525 0.8 263 1512 086 249 159%
Subtotal (95% CI) 426 384 57.9%
Heterogeneity: Tau®= 0.51; Chi*= 5§3.24, df= 3 (P = 0.00001); F= 94%

Test for overall effect: Z=1.98 (P = 0.05)

Total (95% CI) 716 665 100.0%

Heterogeneity: Tau®= 0.30; Chi*= 72.70, df= 6 (P < 0.00001); F=92%
Test for overall effect Z=2.93 (P = 0.003)

Test for subgroup differences: Chi*=0.17, df=1 (P = 0.68), F= 0%
Risk of bias legend

(A) Generation of random sequence

(B) Concealment of allocation

(C) Blinding of participants and personnel

(D) Blinding of outcome evaluation

(E) Incomplete results

(F) Selective reporting

(G) Other sources of hias

0.40 [0.07, 0.86] —=—

0.80 [0.61, 0.99] -

0.24 [0.38, 0.88] —_

0.57 [0.20, 0.93] L

1.01 [0.68, 1.34] —_ 1000000
0.1 [0.30, 0.51] — 290000
0.16 [-0.45,0.77] S (111 &4 1]
1.56 [1.37, 1.76] - LT LT T Bi
0.74 [0.01, 1.47] R

0.65 [0.22, 1.09] -

2 a1 0 1 2
Control  Experimental

Figure 3. Forest plot for attention.
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Figure 4. Forest plot for inhibition.
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Figure 5. Forest plot for working memory.

The comparative analysis shows that active breaks are more active breaks are more effective than these techniques and that this
effective in working on attention, inhibition and working memory. is mainly due to physical movement. Physical activity without cog-
There are other techniques not based on physical activity, such as nitive load is related to the inverted U hypothesis (Pastor-Vicedo
mindfulness. The study by Miiller et al. (2021) has highlighted that et al, 2021). The level of arousal for attention enhancement is
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Figure 6. Forest plot for cognitive flexibility.
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Figure 7. Forest plot for fluency.

achieved once a period of moderate intensity physical activity has
been applied (Pastor-Vicedo et al., 2021). Improved cardiorespira-
tory fitness leads to activation of cerebral angiogenesis resulting in
improved cerebral vascularisation (Pastor-Vicedo et al., 2021). The
benefits of this active methodology may be due to physiological and
socio-behavioural factors (de Greeff et al., 2016, 2018; Ruiz-Ariza
etal., 2021).

Physical activity also immediately facilitates cognitive perfor-
mance by increasing the attention span of learners (de Greeff et al.,
2016,2018).Improved attention levels have had a beneficial impact
on working memory and inhibition in the academic environment
(van den Berg et al., 2019). In some cases, the motor development
of the learners conditions the degree of cognitive load of the active

breaks (van den Berg et al., 2019). High levels of motor complex-
ity when implementing some active break activities may deplete
students’ different cognitive resources (van den Berg et al., 2019,
2016). This oversaturation hinders the development of attention,
updating and inhibition (Eggeretal.,2018; van den Bergetal., 2016;
van den Berg et al., 2019).

Active breaks have been shown to be effective tools for improv-
ing executive functions (Melguizo-lbafiez, Zurita-Ortega et al.,
2024). Incorporating cognitive load into various physical tasks has
also been found to be effective in improving higher order cogni-
tive functions (Bulten et al., 2022; de Bruijn et al., 2021). These
results raise a debate about which technique is more effective for
working on executive functions in the academic environment. The
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Figure 8. Forest plot for updating.

results of this research indicate that cognitive flexibility, fluency
and updating have a greater effect when stimulated through phys-
ical activities with cognitive demands. For the work on this type
of variable, it has been noted that physical activity presents higher
order cognitive processes (de Bruijn et al., 2021). The acquisition
of new skills during coordinative physical activity is related to
increased activation in the prefrontal and parietal cortex (de Bruijn
et al,, 2021).

Research has found that the presence of cognitive engage-
ment has led to an increase in attention and speed of information
processing (Schmidt et al., 2016; Schmidt et al., 2015). Cogni-
tive engagement combined with physical activity affects executive
functions differently than physical exercise alone (Schmidt et al.,
2015). Games that require cognitive engagement and physical
effort have been found to have a greater effect on executive func-
tions (Schmidt et al., 2015). Research that has applied physical
games with cognitive loads oriented to the work of executive func-
tions has resulted in higher academic achievement in students
(Fedewa et al., 2018). In response, the study by Layne et al. (2021)
found improvements in executive functions, but not in academic
performance after applying an intervention programme based on
active breaks without cognitive load. In contrast, the research by
Fedewa et al. (2018) after applying cognitively demanding activi-
ties has led to improvements in the work on executive functions
and on students’ academic performance.

Limitations and practical applications of the study

It should be noted that this study has met its objectives. Nev-
ertheless, this study has a few limitations. The first one relates
to the time range. This research has only focused on studying
research published in the 2014-2024-time range on participants
aged between 5 and 16 years old. A meta-analytic study of the
total number of studies has not been produced, but the sample
has initially been divided into two subgroups. This may have led
to effect sizes being estimated with few studies. In addition, stud-
ies have been extracted from specific areas of knowledge in the
databases. This may have left out similar research. Another limi-
tation is the high degree of heterogeneity obtained in some of the
analyses carried out. Based on the results obtained and consider-
ing the applicability, this study shows that the practice of physical
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activity in the school environment is beneficial for improving the
executive functions of students. As future perspectives it would be
convenient to carry out a study focused on applying strategies to
improve executive functions with and without cognitive load to
work on the different executive functions in the different educa-
tional stages.

Conclusions

This research shows how techniques based on the practice of
physical activity are effective for working on executive functions
within the school itself. Differences have been found depending on
the techniques used to increase the effect of executive functions.
A greater effect on attention, inhibition and working memory has
been obtained for research using active breaks without cognitive
loads. On the contrary, it has been highlighted that the variables
cognitive flexibility, fluency and updating show a greater effect
when physical activities with cognitive loads are applied

CRediT authorship contribution statement

Conceptualisation: Félix Zurita-Ortega, José Luis Ubago-Jiménez;
Methodology: Gabriel Gonzalez-Valero, Eduardo Melguizo-Ibafiez;
Software: José Luis Ubago-Jiménez, Gabriel Gonzailez-Valero;
Formal Analysis: Eduardo Melguizo-Ibafiez, Félix Zurita-Ortega;
Research: José Luis Ubago-Jiménez, Félix Zurita-Ortega, Gabriel
Gonzalez-Valero; Resources: Félix Zurita-Ortega; Drafting: Eduardo
Melguizo-Ibafiez; Proofreading and editing: José Luis Ubago-
Jiménez; Supervision: Félix Zurita-Ortega, José Luis Ubago-Jiménez;
Project management: Gabriel Gonzalez-Valero; Fundraising: José
Luis Ubago-Jiménez

References

Alvarez-Bueno, C., Pesce, C., Cavero-Redondo, I, Sinchez-Lépez, M., Martinez-
Hortelano, J. A., & Martinez-Vizcaino, V. (2017). The effect of physical activity
interventions on children’s cognition and metacognition: A systematic review
and meta-analysis. Journal of the American Academy of Child and Adolescent Psy-
chiatry, 56(9), 729-738. https://doi.org/10.1016/j.jaac.2017.06.012

Borenstein, M., Hedges, L. V., Higgins, ]. P. T., & Rothstein, H. (2021). Introduction to
meta-analysis. Wiley.


https://doi.org/10.1016/j.jaac.2017.06.012
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0010

F. Zurita-Ortega, G. Gonzdlez-Valero, J.L. Ubago-Jiménezet al.

*Bulten, R., Bedard, C., Graham, J. D., & Cairney, ]. (2022). Effect of cognitively engag-
ing physical activity on executive functions in children. Frontiers in Psychology,
13, Article 841192. https://doi.org/10.3389/fpsyg.2022.841192

Cain, J. (2022). Counteracting the sedentary aspects of academia by incorporating
physical activity into the educational process. Currents in Pharmacy Teaching &
Learning, 14(10), 1269-1273. https://doi.org/10.1016/j.cptl.2022.09.004

*Chen, A. G., Yan, ], Yin, H. C, Pan, C. Y, & Chang, Y. K. (2014). Effects
of acute aerobic exercise on multiple aspects of executive function in
preadolescent children. Psychology of Sport and Exercise, 15(6), 627-636.
https://doi.org/10.1016/j.psychsport.2014.06.004

Cohen, ]. (1960). A coefficient of agreement for
Educational and Psychological Measurement,
https://doi.org/10.1177/001316446002000104

Cohen, ]. (1998). Statistical power analysis for the behavioral sciences. Hillsdale.

Contreras-Jordan, O. R., Le6n, M. P., Infantes-Paniagua, A., & Prieto-Ayuso, A. (2020).
Effects of active breaks in the attention and concentration of elementary school
students. Revista Interuniversitaria de Formacién del Profesorado- RIFOP, 95(34),
145-160.

*Dalziell, A., Boyle, J., & Mutrie, N. (2016). Better movers and thinkers (BMT): An
exploratory study of an innovative approach to physical education. Europe’s
Journal of Psychology, 11(4), 722-741. https://doi.org/10.5964/ejop.v11i4.950

*de Bruijn, A. G. M,, van der Fels, I. M. ]., Renken, R. ]., Kénigs, M., Meijer, A.,
Oosterlaan, J., Kostons, D. D. N. M., Visscher, C., Bosker, R. ]., Smith, J., &
Hartman, E. (2021). Differential effects of long-term aerobic versus cogni-
tively engaging physical activity on children’s visuospatial working memory
related brain activation: A cluster RCT. Brain and Cognition, 155, Article 105812.
https://doi.org/10.1016/j.bandc.2021.105812

de Greeff,]. W., Bosker, R.]., Oosterlaan, J., Visscher, C., & Hartman, E. (2018). Effects of
physical activity on executive functions, attention and academic performance
in preadolescent children: A meta-analysis. Journal of Science and Medicine in
Sport, 21(5), 501-507. https://doi.org/10.1016/j.jsams.2017.09.595

*de Greeff, J. W., Hartman, E., Mullender-Wijnsma, M. ]., Bosker, R. ]., Doolaard, S.,
& Visscher, C. (2016). Long-term effects of physically active academic lessons
on physical fitness and executive functions in primary school children. Health
Education Research, 31(2), 185-194. https://doi.org/10.1093/her/cyv102

Dishman, R. K., Berthoud, H.-R., Booth, F. W., Cotman, C. W., Edgerton, V. R., Flesh-
ner, M. R, et al. (2006). Neurobiology of exercise. Obesity, 14(3), 345-356.
https://doi.org/10.1038/0by.2006.46

Egan, C. A, Webster, C. A, Beets, M. W., Weaver, R. G, Russ, L., Michael, D., Nesbitt,
D., & Orendorff, K. L. (2019). Sedentary time and behavior during school: A sys-
tematic review and meta-analysis. American Journal of Health Education, 50(5),
283-290. https://doi.org/10.1080/19325037.2019.1642814

*Egger, F., Benzing, V., Conzelmann, A., & Schmidt, M. (2019). Boost your brain, while
having a break! The effects of long-term cognitively engaging physical activity
breaks on children’s executive functions and academic achievement. PLoS One,
14(3), Article e0212482. https://doi.org/10.1371/journal.pone.0212482

*Egger, F., Conzelmann, A., & Schmidt, M. (2018). The effect of acute cogni-
tively engaging physical activity breaks on children’s executive functions:
Too much of a good thing? Psychology of Sport and Exercise, 36, 178-186.
https://doi.org/10.1016/j.psychsport.2018.02.014

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in meta-
analysis detected by a simple, graphical test. BMJ, 315(7109), 629-634.
https://doi.org/10.1136/bmj.315.7109.629

Fedewa, A. L., Fettrow, E., Erwin, H., Ahn, S., & Farook, M. (2018). Academic-based and
aerobic-only movement breaks: Are there differential effects on physical activ-
ity and achievement? Research Quarterly for Exercise and Sport, 89(2), 153-163.
https://doi.org/10.1080/02701367.2018.1431602

Fernandez-Castilla, B., Declercq, L., Jamshidi, L., Beretvas, S. N., Onghena, P., & Van
den Noortgate, W. (2021). Detecting selection bias in meta-analyses with mul-
tiple outcomes: A simulation study. The Journal of Experimental Education, 89(1),
125-144. https://doi.org/10.1080/002209732019.1582470

Fleiss, J. L. (1981). Statistical methods for rates and proportions. John Wiley and Sons.

Gasana, J., O'Keeffe, T., Withers, T. M., & Greaves, C. J. (2023). A systematic
review and meta-analysis of the long-term effects of physical activity inter-
ventions on objectively measured outcomes. BMC Public Health, 23(1), Article
1697.https://doi.org/10.1186/s12889-023-16541-7

Gilmore, C., Simsek, E. Eaves, ], & Cragg, L. (2024). The role of cogni-
tive and applied executive function skills in learning rational number
knowledge. Learning and Individual Differences, 110(102408), Article 102408.
https://doi.org/10.1016/j.1indif.2024.102408

*Graham, ]. D., Bremer, E., Fenesi, B.,, & Cairney, J. (2021). Examining the
acute effects of classroom-based physical activity breaks on executive
functioning in 11- to 14-year-old children: Single and additive modera-
tion effects of physical fitness. Frontiers in Pediatrics, 9, Article 688251.
https://doi.org/10.3389/fped.2021.688251

Higgins, J. P., Altman, D. G., Gatzsche, P. C,, Jiini, P., Moher, D., Oxman, A. D., Savovic,
J., Schulz, K. F., Weeks, L., & Sterne, J. A. (2011). The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ, 343, Article d5928.
https://doi.org/10.1136/bm;.d5928

Jurado, M. B., & Rosselli, M. (2007). The elusive nature of executive functions: A
review of our current understanding. Neuropsychology Review, 17(3), 213-233.
https://doi.org/10.1007/s11065-007-9040-z

*Kolovelonis, A., & Goudas, M. (2022). Exploring the effects of three different types of
cognitively challenging physical activity games on students’ executive functions
and situational interest in physical education. Cogent Education, 9(1), Article
2148448. https://doi.org/10.1080/2331186x.2022.2148448

scales.
37-46.

nominal
20(1),

11

Revista de Psicodiddctica 30 (2025) 500163

*Kolovelonis, A., & Goudas, M. (2023). The effects of cognitively challenging Physi-
cal activity games versus health-related fitness activities on students’ executive
Functions and Situational Interest in Physical Education: A group-randomized
controlled trial. European Journal of Investigation in Health, Psychology and Edu-
cation, 13(5), 796-809. https://doi.org/10.3390/ejihpe 13050060

*Koutsandréou, F., Wegner, M., Niemann, C., & Budde, H. (2016). Effects
of motor versus cardiovascular exercise training on children’s working
memory. Medicine and Science in Sports and Exercise, 48(6), 1144-1152.
https://doi.org/10.1249/mss.0000000000000869

Kuzik, N., da Costa, B. G. G., Hwang, Y., Verswijveren, S. J. ]. M., Rollo, S., Trem-
blay, M. S., Bélanger, S., Carson, V., Davis, M., Hornby, S., Huang, W. Y.,
Law, B., Salmon, ]., Tomasone, J. R, Wachira, L.-]., Wijndaele, K., & Saun-
ders, T. ]. (2022). School-related sedentary behaviours and indicators of
health and well-being among children and youth: A systematic review.
International Journal of Behavioral Nutrition and Physical Activity, 19(1), 40.
https://doi.org/10.1186/s12966-022-01258-4

Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for
categorical data. Biometrics, 33(1), 159-174. https://doi.org/10.2307/2529310

*Layne, T. VYli-Piipari, S., & Knox, T. (2021). Physical activity break
program to improve elementary students’ executive function
and mathematics performance. Education 3-13, 49(5), 583-591.

https://doi.org/10.1080/03004279.2020.1746820

Li, S., Guo, J., Zheng, K., Shi, M., & Huang, T. (2022). Is sedentary behav-
ior associated with executive function in children and adolescents?
A systematic review. Frontiers in Public Health, 10, Article 832845.
https://doi.org/10.3389/fpubh.2022.832845

Luo, X., Herold, F., Ludyga, S., Gerber, M., Kamijo, K., Pontifex, M. B., Hillman, C.
H., Alderman, B. L., Miiller, N. G., Kramer, A. F., Ishihara, T., Song, W., & Zou,
L. (2023). Association of physical activity and fitness with executive function
among preschoolers. International Journal of Clinical and Health Psychology, 23(4),
Article 100400. https://doi.org/10.1016/j.ijchp.2023.100400

Martinez-Heredia, N., Santaella-Rodriguez, E., & Rodriguez-Garcia, A. M. (2020).
Benefits of physical activity for the promotion of active aging in elderly. Biblio-
graphic review. Retos-Nuevas Tendencias en Educacion Fisica Deportey Recreacion,
39, 829-834. https://doi.org/10.47197/retos.v0i39.74537

Mavilidi, M. F., Lubans, D. R., Miller, A., Eather, N., Morgan, P. ]J., Lonsdale,
C., Noetel, M., Karayanidis, F., Shaw, K., & Riley, N. (2020). Impact of the
“Thinking while Moving in English” intervention on primary school children’s
academic outcomes and physical activity: A cluster randomised controlled
trial. International Journal of Educational Research, 102(101592), Article 101592.
https://doi.org/10.1016/j.ijer.2020.101592

Mazzoli, E., Salmon, ]., Teo, W.-P., Pesce, C., He, ]., Ben-Soussan, T. D., & Barnett, L. M.
(2021). Breaking up classroom sitting time with cognitively engaging physical
activity: Behavioural and brain responses. PLoS One, 16(7), Article e0253733.
https://doi.org/10.1371/journal.pone.0253733

Melguizo-Ibanez, E., Zurita-Ortega, F., Gonzalez Valero, G., Puertas-Molero, P., Tadeu,
P., Melguizo-Ibainez, J. L., & Alonso-Vargas, ]J. M. (2024). Los descansos activos
como herramienta para mejorar la atencién en el contexto educativo. Una
revisién sistemadtica y meta-analisis. Revista de Psicodiddctica, 29(2), 147-157.
https://doi.org/10.1016/j.psicod.2024.01.002

Melguizo-lbanez, E., Puertas-Molero, P., Gonzilez Valero, G., & Alonso-Vargas,
J. M. (2024). Analysis of the effect of active breaks on executive function
in educational settings. A systematic review and meta-analysis. Quest, 1-22.
https://doi.org/10.1080/00336297.2024.2419443

Miyake, A., Friedman, N. P., Emerson, M. ]., Witzki, A. H., Howerter, A., & Wager, T.
D. (2000). The unity and diversity of executive functions and their contributions
to complex “frontal lobe” tasks: A latent variable analysis. Cognitive Psychology,
41(1),49-100. https://doi.org/10.1006/cogp.1999.0734

Molina-Arias, M. (2018). Aspectos metodologicos del metaanalisis. Revista Pediatria
de Atencion Primaria, 20, 297-302.

*Miiller, C., Otto, B., Sawitzki, V., Kanagalingam, P., Scherer, J. S., & Lind-
berg, S. (2021). Short breaks at school: effects of a physical activity and
a mindfulness intervention on children’s attention, reading comprehension,
and self-esteem. Trends in Neuroscience and Education, 25, Article 100160.
https://doi.org/10.1016/j.tine.2021.100160

*Mufioz-Parrefio, ]J. A., Belando-Pedrefio, N., Manzano-Sanchez, D., & Valero-
Valenzuela, A. (2021). The effect of an active breaks program on primary school
students’ executive functions and emotional intelligence. Psicothema, 33(3),
466-472. https://doi.org/10.7334/psicothema2020.201

Page, M. ]., McKenzie, ]J. E., Bossuyt, P. M., Boutron, I, Hoffmann, T. C., Mul-
row, C. D., Shamseer, L., Tetzlaff, ]. M., Akl, E. A., Brennan, S. E., Chou, R,
Glanville, J., Grimshaw, J. M., Hrébjartsson, A., Lalu, M. M., Li, T., Loder, E. W.,
Mayo-Wilson, E., McDonald, S., & Moher, D. (2021). The PRISMA 2020 state-
ment: An updated guideline for reporting systematic reviews. BMJ, 71, 372.
https://doi.org/10.1136/bmj.n71

Pastor-Vicedo, J. C., Leén, M. P., Gonzilez-Fernandez, F. T., & Prieto-Ayuso,
A. (2024). Effects of physical activity breaks on cognitive function in
undergraduate students: A pilot study. Cogent Social Sciences, 10(1), 1-10.
https://doi.org/10.1080/23311886.2024.2326692

Pastor-Vicedo, J. C., Prieto-Ayuso, A., Lopez Pérez, S., & Martinez-Martinez,
J. (2021). Active breaks and cognitive performance in pupils: A
systematic review. Apunts Educacién Fisica y Deportes, 146, 11-23.
https://doi.org/10.5672/apunts.2014-0983.es.(2021/4).146.02

*Pesce, C., Marchetti, R., Forte, R., Crova, C., Scatigna, M., Goudas, M., & Danish, S.
J. (2016). Youth life skills training: exploring outcomes and mediating mech-


https://doi.org/10.3389/fpsyg.2022.841192
https://doi.org/10.1016/j.cptl.2022.09.004
https://doi.org/10.1016/j.psychsport.2014.06.004
https://doi.org/10.1177/001316446002000104
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0035
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0040
https://doi.org/10.5964/ejop.v11i4.950
https://doi.org/10.1016/j.bandc.2021.105812
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1093/her/cyv102
https://doi.org/10.1038/oby.2006.46
https://doi.org/10.1080/19325037.2019.1642814
https://doi.org/10.1371/journal.pone.0212482
https://doi.org/10.1016/j.psychsport.2018.02.014
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1080/02701367.2018.1431602
https://doi.org/10.1080/002209732019.1582470
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0100
https://doi.org/10.1186/s12889-023-16541-7
https://doi.org/10.1016/j.lindif.2024.102408
https://doi.org/10.3389/fped.2021.688251
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1007/s11065-007-9040-z
https://doi.org/10.1080/2331186x.2022.2148448
https://doi.org/10.3390/ejihpe13050060
https://doi.org/10.1249/mss.0000000000000869
https://doi.org/10.1186/s12966-022-01258-4
https://doi.org/10.2307/2529310
https://doi.org/10.1080/03004279.2020.1746820
https://doi.org/10.3389/fpubh.2022.832845
https://doi.org/10.1016/j.ijchp.2023.100400
https://doi.org/10.47197/retos.v0i39.74537
https://doi.org/10.1016/j.ijer.2020.101592
https://doi.org/10.1371/journal.pone.0253733
https://doi.org/10.1016/j.psicod.2024.01.002
https://doi.org/10.1080/00336297.2024.2419443
https://doi.org/10.1006/cogp.1999.0734
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0200
https://doi.org/10.1016/j.tine.2021.100160
https://doi.org/10.7334/psicothema2020.201
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1080/23311886.2024.2326692
https://doi.org/10.5672/apunts.2014-0983.es.(2021/4).146.02

F. Zurita-Ortega, G. Gonzdlez-Valero, J.L. Ubago-Jiménezet al.

anisms of a group-randomized trial in physical education. Sport, Exercise, and
Performance Psychology, 5(3), 232-246. https://doi.org/10.1037/spy0000060

*Pesce, C., Masci, 1., Marchetti, R., Vazou, S., Sddkslahti, A., & Tomporowski, P. D.
(2016). Deliberate play and preparation jointly benefit motor and cognitive
development: Mediated and moderated effects. Frontiers in Psychology, 7, Article
556249. https://doi.org/10.3389/fpsyg.2016.00349

Raichlen, D. A., & Alexander, G. E. (2017). Adaptive capacity: An evolutionary
neuroscience model linking exercise, cognition, and brain health. Trends in Neu-
rosciences, 40(7), 408-421. https://doi.org/10.1016/j.tins.2017.05.001

Riva, J. J., Malik, K. M. P., Burnie, S. J., Endicott, A. R., & Busse, J. W. (2012). What is
your research question? An introduction to the PICOT format for clinicians. The
Journal of the Canadian Chiropractic Association, 56(3), 167-171.

*Robinson, K. J., Lubans, D. R., Mavilidi, M. F., Hillman, C. H., Benzing, V., Valken-
borghs, S. R., Barker, D., & Riley, N. (2022). Effects of classroom-based resistance
training with and without cognitive training on adolescents’ cognitive func-
tion, on-task behavior, and muscular fitness. Frontiers in Psychology, 13, Article
811534. https://doi.org/10.3389/fpsyg.2022.811534

Rubio-Aparicio, M., Sanchez-Meca, ]., Marin-Martinez, F., & Lopez-Lépez,
J. A. (2018). Recomendaciones para el reporte de revisiones sis-
tematicas y meta-analisis. Anales de Psicologia, 34(2), 412-420.

https://doi.org/10.6018/analesps.34.2.320131

*Ruiz-Ariza, A., Lépez-Serrano, S. Mezcua-Hidalgo, A., Martinez-Lépez, E. ].,
& Abu-Helaiel, K. (2021). Efecto agudo de descansos fisicamente activos
en variables cognitivas y creatividad en educacién secundaria. Retos-
Nuevas Tendencias en Educacién Fisica Deporte y Recreacion, 39, 635-642.
https://doi.org/10.47197/retos.v0i39.78591

*Sanchez-Meca, ]., & Botella-Ausina, J. (2015). Metaandlisis en ciencias sociales y de
la salud. Dykinson.

*Schmidt, M., Benzing, V., & Kamer, M. (2016). Classroom-based physical activity
breaks and children’s attention: Cognitive engagement works!. Frontiers in Psy-
chology, 7, 1474. https://doi.org/10.3389/fpsyg.2016.01474

12

Revista de Psicodiddctica 30 (2025) 500163

Schmidt, M., Jdger, K, Egger, F., Roebers, C. M., & Conzelmann, A. (2015).
Cognitively engaging chronic physical activity, but not aerobic exercise,
affects executive functions in primary school children: A group-randomized
controlled trial. Journal of Sport y Exercise Psychology, 37(6), 575-591.
https://doi.org/10.1123/jsep.2015-0069

*van den Berg, V., Saliasi, E., de Groot, R. H. M., Chinapaw, M. J. M., & Singh,
A. S. (2019). Improving cognitive performance of 9-12 years old children:
Just dance? A randomized controlled trial. Frontiers in Psychology, 10, 174.
https://doi.org/10.3389/fpsyg.2019.00174

*van den Berg, V., Saliasi, E., de Groot, R. H. M., Jolles, J., Chinapaw, M. J. M., & Singh,
A.S.(2016). Physical activity in the school setting: Cognitive performance is not
affected by three different types of acute exercise. Frontiers in Psychology, 7, 723.
https://doi.org/10.3389/fpsyg.2016.00723

Vazou, S., Klesel, B., Lakes, K. D., & Smiley, A. (2020). Rhythmic physical activity
intervention: Exploring feasibility and effectiveness in improving motor and
executive function skills in children. Frontiers in Psychology, 11, Article 556249.
https://doi.org/10.3389/fpsyg.2020.556249

Wang, J., Yang, Y., Li, L, Yang, X., Guo, X., Yuan, X,, Xie, T., Yang, K., & Zhuang,
J. (2024). Comparative efficacy of physical activity types on executive func-
tions in children and adolescents: A network meta-analysis of randomized
controlled trials. Journal of Science and Medicine in Sport, 27(3), 187-196.
https://doi.org/10.1016/j.jsams.2023.11.006

Watson, A., Timperio, A., Brown, H., Best, K., & Hesketh, K. D. (2017). Effect
of classroom-based physical activity interventions on academic and physical
activity outcomes: A systematic review and meta-analysis. The Interna-
tional Journal of Behavioral Nutrition and Physical Activity, 14(1), 114.
https://doi.org/10.1186/s12966-017-0569-9

Organizacién Mundial de la Salud. (2019). More active people for a healthier world.
Organizacién Mundial de la Salud.


https://doi.org/10.1037/spy0000060
https://doi.org/10.3389/fpsyg.2016.00349
https://doi.org/10.1016/j.tins.2017.05.001
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0245
https://doi.org/10.3389/fpsyg.2022.811534
https://doi.org/10.6018/analesps.34.2.320131
https://doi.org/10.47197/retos.v0i39.78591
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0265
https://doi.org/10.3389/fpsyg.2016.01474
https://doi.org/10.1123/jsep.2015-0069
https://doi.org/10.3389/fpsyg.2019.00174
https://doi.org/10.3389/fpsyg.2016.00723
https://doi.org/10.3389/fpsyg.2020.556249
https://doi.org/10.1016/j.jsams.2023.11.006
https://doi.org/10.1186/s12966-017-0569-9
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305
http://refhub.elsevier.com/S2530-3805(25)00001-2/sbref0305

	Analysis of cognitively loaded physical tasks and active breaks for the improvement of executive functions in the school c...
	Introduction
	Method
	Design
	Search strategy for research
	Research selection strategies
	Analysis of the level of research bias

	Calculation of effect size
	Codification of research
	Statistical analysis of the meta-analysis
	Results

	Analysis of the studies in the sample
	Risk of bias of the study sample
	Influence of the type of intervention on executive functions
	Discussion

	Limitations and practical applications of the study
	Conclusions
	CRediT authorship contribution statement

	References
	References


