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Abstract: This systematic review examined the effects of distinct physical activity interventions
on the academic achievement of school students based on an analysis of four distinct outcomes:
mathematics, language, reading, and composite scores. This study was performed in accordance
with the PRISMA guidelines and the QUORUM statement. A literature search was conducted using
the PubMed-MEDLINE, Scopus, and Web of Science databases. Peer-reviewed studies published in
English, Portuguese, and Spanish were considered. A random-effect meta-analysis was employed to
determine the effect of interventions on academic performance. The effects between interventions and
control groups were expressed as standardized mean differences. Thirty-one studies were included
in the meta-analysis based on the inclusion and exclusion criteria. The exercise programs were not
capable of significantly improving language, reading skills, and composite scores. Conversely, perfor-
mance in math tests increased significantly after the interventions compared with the control groups.
Regarding the overall effect, a significant improvement in academic achievement was detected after
physical activity programs compared with controls. In conclusion, the positive effects of school-based
physical education on academic performance are not uniform and may be higher for math skills.
The implementation of evidence-based exercise programs in school settings emerges as a promising
strategy to increase overall academic achievement in school-aged students.

Keywords: academic skills; active breaks; active classes; school grades; schoolchildren

1. Introduction

Over the last few decades, the rate of sedentarism has increased dramatically around
the world, currently being considered a “public health issue” [1-4]. Overall, according to the
World Health Organization (WHO), approximately one-third of individuals aged 15 years
or older are physically inactive, which potentially results in more than 3 million premature
or preventable deaths annually [1,5,6]. In fact, about 5.5% of all deaths worldwide have
been attributed to sedentarism, a number that places this growing health concern among
the five major risk factors for mortality in adult life [5,7]. Among other things, physical
inactivity significantly increases the risk of several chronic diseases, such as different forms
of cancer, diabetes, hypertension, dementia, coronary and cerebrovascular events, bone
disorders, and obesity [8,9]. Together, these findings highlight the severity of this “global
epidemic” and reinforce the need for urgent and effective strategies to increase the levels of
physical activity and to reduce sedentary behavior among the general population [3,10,11].

The adverse effects of sedentarism have been consistently recognized to affect distinct
age groups, but more recently, a growing body of research has been conducted to evaluate
its specific effects on youths [11-13]. Indeed, a progressive decline in physical activity
participation is commonly observed during the transition from childhood to adolescence,
suggesting that many adolescents are at risk of becoming sedentary adults [14-16]. It has
been shown, for example, that a gradual decrease in physical fitness from childhood to adult
life is associated with obesity and insulin resistance in adulthood [17]. From an applied
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standpoint, this means that the vast majority of children with obesity tend to become
obese and “potentially unhealthy” adults [17,18]. In contrast, long-term programs and
strategies aimed at maintaining high levels of physical activity during different life stages,
from childhood to adulthood, may likely reduce the probability of developing obesity
and other chronic diseases (e.g., type 2 diabetes, cardiovascular diseases, hypertension,
osteoporosis, etc.) throughout adulthood [18-20]. As such, there is no doubt that regular
exercise, especially when performed uninterruptedly from earlier life stages, has numerous
physical and physiological benefits [21-24].

Lower levels of physical activity in childhood and adolescence are also associated with
body image dissatisfaction, obesity, and adult depression [25-27]. On the other hand, the
involvement in sport activities seems to influence the development of important coping and
stress management skills in youths, which emphasizes the role played by physical activity
in promoting mental health and in preventing mental illness [24,28-30]. Furthermore, there
is evidence suggesting that physical activity can also improve cognitive function and learn-
ing abilities in both children and adolescents, thus impacting their academic achievement in
different areas of knowledge (e.g., mathematics and languages). A recent review addressed
this issue in a very comprehensive manner, finding meaningful relationships among phys-
ical activity, fitness levels, and academic performance in elementary-aged children (i.e.,
aged 5-13 years) [31]. Two other reviews have specifically examined the effectiveness
of school-based physical activity in academic life, providing encouraging and relevant
results [32,33]. Briefly put, the regular practice of physical education in school settings was
shown to be capable of improving learning skills through different cognitive processes
(e.g., increasing attention and concentration) and was equally efficient in inducing positive
changes on a variety of important outcomes, such as quality of life, and social and affective
behaviors [32,33].

Although the benefits of physical education are well-established, to date, no review
has systematically assessed its effects on different subjects and fields of study in a separate
manner (i.e., analyzing its effects on mathematics, language, and reading skills) or in
combination (i.e., using “composite scores”). This is essential to provide a deeper and
more detailed understanding of the actual effects of physical education on the academic
performance of school students. Therefore, the objective of this systematic review and
meta-analysis was to evaluate the effects of distinct physical activity interventions on the
academic achievement of school students, based on the individual analysis of four distinct
outcomes: mathematics, language, reading, and composite scores. We hypothesized that
the regular practice of physical education in schools would positively and equally affect
academic performance, regardless of the subject being examined.

2. Methods
2.1. Literature Search and Data Resources

This research was completed in accordance with the Preferred Reported Items for Sys-
tematic Reviews (PRISMA) guidelines [34] and the QUORUM statement [35]. The literature
search included studies published until 13 December 2021 and was conducted using the
following databases: PubMed MEDLINE, Scopus, and Web of Science. Keywords were
defined based on previous works [36,37] and according to the study purpose by two au-
thors (I.L. and L.A.P.). The following keywords were used in conjunction with the Boolean

Zam

operators “AND” and “OR” as part of the search strategy: “students”, “schoolchildren”,
“physical activity”, “physical education”, “sport”, “exercise”, “academic performance”,
“academic achievement”, and “school grades”. The reference lists from relevant articles

were also examined to find any other potentially eligible studies.

2.2. Eligibility Criteria
Peer-reviewed studies published in English, Spanish, or Portuguese were considered

for inclusion, and no sex or time of intervention restrictions were imposed. Studies were
included based on the following criteria: (1) original studies; (2) quantitative assessment of
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“academic performance” pre- and post-intervention; (3) at least one group allocated to a
physical activity intervention; and (4) samples composed of kindergarten, elementary, mid-
dle, or high-school students. Additionally, in relation to the exclusion criteria, studies were
not considered for analysis if (1) they were written in other languages; (2) no comparison
group was tested; (3) only acute effects were assessed; (4) they were qualitative studies; or
(5) no full text or data regarding the main outcomes were available.

2.3. Study Selection

The initial search was carried out by two researchers (L.L. and L.A.P.). After the
removal of duplicates, titles and abstracts were screened and studies not meeting the
eligibility criteria were excluded. Subsequently, full texts of the remaining articles were
analyzed. Next, in a blind, independent fashion, two reviewers selected the studies for
inclusion (I.L. and L.A.P), following the eligibility criteria. If no agreement was obtained, a
third independent and experienced researcher, not involved in the study, was consulted.

2.4. Data Extraction

Mean, standard deviation (SD), and sample size data were extracted from the included
manuscripts by two authors (L.L. and L.A.P). If the descriptive data required were not
presented in the articles, authors were contacted via email, and in case of no answer or
if the requested data were not available, the study was not considered in the analysis.
Any disagreements during the process of data extraction and analysis were resolved by
consensus among two authors (L.L. and L.A.P).

2.5. Data Analysis

The meta-analysis was performed using Review Manager software (RevMan 5.4.1;
Cochrane Collaboration, Oxford, UK). A random-effect meta-analysis was conducted to de-
termine the summary effect of the interventions on academic performance. Effects between
intervention and control groups are expressed as standardized mean differences (SMD)
and their 95% confidence intervals (CI). Standardized mean differences were used because
academic performance was obtained through distinct methods. Academic performance
data were divided into subgroups, according to distinct assessed subjects (e.g., language,
mathematics, reading, and composite scores).

Heterogeneity among studies was assessed using I statistics. I values ranged between
0% and 100% and were considered low, modest, or high for <25%, >25-<50%, and >50%,
respectively. Heterogeneity may be assumed when the p value of the I test was <0.05 [38].
Statistical significance was considered for p < 0.05.

2.6. Risk of Bias and Quality of the Studies

Methodological quality and risk of bias were assessed through the Cochrane risk of
bias tool (RoB 2.0) [39] by two authors independently (L.L. and L.A.P), with disagreements
being resolved by a third independent evaluator (not involved in the study), in accordance
with the Cochrane Collaboration Guidelines [40].

3. Results
3.1. Study Selection

Figure 1 depicts a flow diagram of the process of study selection. A total of 2718 records
were identified through database searching, and 16 additional studies were identified
through other sources. After title and abstract screening, from the 1981 studies that re-
mained after removal of duplicates, 1782 studies were excluded. As a result, 199 studies
were assessed for eligibility and 31 studies were included in the meta-analysis based on the
inclusion and exclusion criteria. From the articles included, 4 assessed academic perfor-
mance through language tests [41-44], 24 used mathematics tests [41,42,44-65], 10 reading
assessments [44,46,47,49,50,57,59,60,63,64], and 9 evaluated academic achievement using
composite scores (e.g., student’s grades or standard tests) [41,44,59,66-71].
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Figure 1. Flow diagram of the process of study selection.

3.2. Characteristics of the Interventions

The characteristics of the training programs and the overall risk of bias of the included
studies are displayed in Table 1. The interventions implemented in the distinct studies
comprised increasing the volume of physical education classes [41,68], applying classroom-
based activities in the regular school practices [66], promoting “active” breaks between
regular classes [54,69], and employing specific programs of “active” lessons [49,51].

3.3. Main Effects and Sub-Group Analyses

Figure 2 depicts the forest plot for the effects of the physical activity interventions
on the academic performance of students from several grades. The sub-group analyses
revealed that the interventions were not capable of significantly improving academic
achievement in language, reading, and composite scores. In contrast, performance in the
mathematics tests significantly improved after the interventions when compared with
control groups. In relation to the overall effect, a significant improvement in academic
performance was noticed after physical activity interventions when compared with their
respective controls. Overall, irrespective of the sub-group analyzed, the studies presented
high levels of heterogeneity (12 > 50%).
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Table 1. Characteristics of studies included in the meta-analysis.
Study Country Participants Intervention Comparator Outcome Ovz;tgiilsk
EG schools implemented classroom-based Canadian Achievement Test (CAT-3;
Ahmed et al Elementary school, activities for 15-min, 5 days/week. Activities a standardized test that evaluates
(2007) ' Canada 9-11 years, CG = 74, offered by teachers included skipping, dancing, =~ Regular PE 40 min/week student skills related to specific Some concerns
EG =214 and resistance exercises performed with hand subject areas including mathematics,
grippers and exercise bands. reading, and language)
Adolescents in the EG1 had four PE Usual PE sessions . .
. . . Academic achievement was
sessions/week, with the same contents and according to the assessed using students’ erades in
Ardoy et al. Spain 12-14 years, CG =18,  pedagogical strategies as the sessions performed National Education core subiec tsg (ma thema’?ics and Low risk
(2014) P EG1=126,EG2=23 by the CG. Adolescents in the EG2 complete four Program in Spain, i.e., ) .
. o . L - . - language) and other subjects
PE sessions/week of high intensity, i.e., activities 55 min sessions twice (natural sciences, etc.)
with a heart rate >120 bpm. a week e
Children in the EG performed inter-limb gross Mathematical achievement was
Beck et al 165 children, motor-activities such as skipping, crawling, CG employed tested through a diagnostic test
(2016) ’ Denmark 7.5 years, CG =57, throwing, and one-legged balancing. The conventional developed by experts of the Some concerns
EG =55 movements were performed while solving math teaching neuropsychological field
mathematical questions (sessions of ~60 min). in Denmark.
Academic achievement was
Children in EG1 completed a 20 min bout and then measured using two forms of the
Davis et al. USA 7-11 years, CG =60, a 20 min period of “sedentary activities” (e.g., card G Woodcock-Johnson Tests of Low risk
(2011) EG1=55,EG2=56 games and drawing) per day. Children assigned to Achievement III. Broad reading and
EG2 completed two 20 min bouts per day. broad mathematics were the
outcomes of interest.
Grades 2-3: Teachers were asked to deliver two 10 min Academic achievement was
Donnelly et al. ~ lessons/day (~4-5 METs) in the subject of their assessed via the Wechsler .
(2017) Usa 7-8 y%aés,_(i%— 316, choice: one in the morning and one in the CG Individual Achievement Test-Third Low risk
- afternoon, 5 days/week. Edition (WIAT-III).
Fakri and . Grade 5: 10 years, Part1c1Pants in the EG engaged 1.n Physmal a.ct1v1ty The CG were taught via Acade.mlc achievement fo.r ‘ '
. Malaysia during math lessons. The activity comprises traditional classroom mathematic was measured using a High risk
Hashim (2020) CG=35EG=35 . . . g
60 min/week of moderate physically active lesson. method. specific math test.
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Table 1. Cont.
Study Country Participants Intervention Comparator Outcome Ovz;tg:‘zlsk
T;ifig?igodoeﬁémffrifj E)};};S(;Criliif/itcll‘;lty The CG classrooms went Students’ achievement in
Fedewa et al. USA Grades 3-5, 5 davs,/week usin IZ se% of movement car dZ’ about business as usual, mathematics and reading were Some concerns
(2015) CG=276,EG =153 T}I]1ese cards cori;sis ted of standardized ' with no additional assessed with the “Measures of
aerobic-based activities for ~5 min. physical activity. Academic Progress” (MAP).
Grades 3-5, To measure academic achievement,
Gao et al USA— CG =58 (year 1)and  Dance Revolution (DDR)—15-min; center activity reading and math scores for the
(2013) ’ Latino 44 (year 2), EG =85 station (e.g., aerobic CG Utah Criterion—Referenced Test High risk
School (year 1) and dance and jump rope)—15-min; 3/week. were retrieved from the
53 (year 2) school district.
The intervention was delivered 5 times/week Academic performance was
Garcia- before starting the first school-class. Active-Start is . uc per ,
. . . . Standard physical assessed using children’s grades for .
Hermoso et al. Chile Grade 4: 8-10 years mainly a program of cooperative physical games, education lessons core subjects (mathematics Low risk
(2020) structured to make group cooperation essential to an]d language)
game success and to encourage prosocial skills. guage)-
. Grade 9-11: The PE class included weightlifting, stationary Composm'e score was calculated as
Hagins and B s . . Yoga classes, the numeric average of scores of all .
USA ~15 years, CG =48, biking, fitness exercises, and sports such as soccer . Low risk
Rundle (2016) EG = 64 and vollevball same volume courses using a standard process
- ybat from New York City public schools.
Hraste ot al Grade 4: The EG classes consisted of four integrated lessons ~ CG: traditional teaching Ehet}:z igfgﬁ;i:ﬁi;ﬁ?:oa};;fzgi
' Croatia 10.4 & 0.55 years, of mathematics/geometry and PA. Each lesson methods for y &t High risk
(2018) . . standard test for assessing
CG=17,EG=19 lasted for 45 min. mathematics .
mathematical knowledge.
Layne et al. USA 8-9 years, CG =21, EG played a FitNexx 1.0 active video game horiei(‘)/\(l)?:ig éittgethe Mathematics tests were regular Low risk
(2020) EG=19 10-min/day before every mathematics class. . assessments prepared by teachers.
mathematics class
Lima et al. . ~15 years, CG =188, Schools that doubled the PE classes augmented Schc.)ols.m the C.G Academic performa.nce was .
(2020) Brazil EG = 242 from 2 to 4 classes,/week maintained their assessed by two different Low risk

habitual routine

mathematics tests.
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Table 1. Cont.
Study Country Participants Intervention Comparator Outcome Ovz;tg:‘zlsk
Mathematics performance was
Lubans et al. Australia Grade 8: ~13 years, Activity and Motivation in Physical G assessed as part of the National Low risk
(2018) CG =580, EG =584 Education (AMPED) Assessment Program Literacy &
Numeracy (NAPLAN).
P . .. i . Children’s spelling and grammar
Mavilidi et al. Australia Grade 4: 10-11 years, Szkﬁlézlflnivr:ietﬁg ?lellgeg 1rr; t]::e I;gl}lls };iézlzzlg ?:y cG skills were assessed using the South Hioh risk
(2018a) CG=26,EG=29 progra 5 Py Y Australian Spelling and Grammar §
into English lessons. .
and Punctuation tests.
Math test consisted of counting,
Mavilidi et al. Australia 4.7 £ 0.5 years, In the EG, children performed physical activity G number line estimation, block Some concerns
(2018b) CG=27,EG=30 related to learning tasks. counting, and numerical magnitude
comparison and identification.
Students” mastery of basic facts was
Mavilidi et al. Australia Grades 3—4: ~9 years, This EG involved two types of activity breaks G assessed using the Stage 2 version Low risk
(2020) CG=29,EG=29 delivered in separate classes, totaling 5 min. of the Individual Basic Facts
Assessment Tool (IBFA).
The EG1 classes utilized a kit named ‘Move for . .
, - . - . Timed comprehensive grade-level
Thought’, which offers options for integrating . .
a1 Grades 4-5: 9-11 - . . . . appropriate and standardized math
Mavilidi and physical activity with academic subjects. The EG2 . . o
USA years, CG = 205, CG tests in algebra and equations High risk
Vazou (2021) classes offered a package of an equal amount of .
EG1=221,EG2=134 . Lo . (16 items) were used (easyCMB
simple and safe activities including the most Light Edition)
commonly used classroom-based activity breaks. & ’
Minnesota Comprehensive
Five-minute physical activity breaks were Assessments (MCAS): state .
. . . achievement tests in mathematics,
Mead et al. Grade 6: 11-12 years, implemented and occurred immediately after the . X .
USA . L. CG reading, and science. Measures of Low risk
(2016) CG=22,EG=28 math message but prior to the beginning of .
. Academic Progress (MAP):
work time. . . .
standardized test assessing reading,
mathematics, and language
Academic achievement was
CG measured by two mathematics and Low risk

Wl\i/'lrllliir;iira-tl Ng;leer— Grades 2-3: ~8 years, The EG participated in Fit & Vaardig op
) ' CG =170, EG = 181 School lessons.

(2016) lands

two language tests.
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Table 1. Cont.

Study Country Participants Intervention Comparator Outcome Ovz;tg:‘zlsk
Pmto-Esca,lona The experimental group participated in 10 min of The CG carried out 10 An objective assessment test was
and Martinez- . 13.6 & 0.7 years, K . . . . .
Spain _ ~ moderate to vigorous physical exercise related to  min of study and review drawn up for the contents of Low risk
de-Quel CG=60,EG =56 . . . . . . .
(2019) the contents of the teaching unit. seated in their chairs. Spanish language and literature.
Polo-Recuero . ~13 years, CG =13, EG used bike desks during their four weekly . .
et al. (2020) Spain EG = 14 math sessions. CG Mathematics test Low risk
Quinto- Grade 6: 11-13 years,
Romani and Denmark  Grade 8: 13-15 years,  The core of the intervention was physical activity CG Grade point average Some concerns
Klausen (2016) CG =371, EG =554
(1) 90 min/week of physically active educational . .
) . . . Academic performance in
Resaland et al Grade 5: lessons mainly carried out in the school numeracy, reading, and English was
' Norway 10.2 & 0.3 years, playground; (2) 5 min/day of physical activity CG ’ .o d Low risk
(2016) . . measured via standardized
CG =533, EG =596 breaks during classroom lessons; (3) 10 min/day . .
. .. Norwegian national tests.
physical activity homework
The program involved classroom teachers .
. . Mathematics performance was
. adapting mathematics lessons over a 6 week . .
Riley et al. . 11.1 + 0.73 years, . . . measured using a standardized .
Australia (3 x 60 min sessions/week) period to ensure CG . . Low risk
(2016) CG=98,EG =142 . . mathematics progressive
students were involved in .
. achievement test.
movement-based learning.
. Grades 4-6: ~9 years, SPARK is a comprehensive curriculum and Academic achievement was
Sallis et al. CG1 =124, . . . . .
(1999) USA CGo = 141 professional development program designed to CG measured using Metropolitan Low risk
EG1 = 177, EG2 < 312 promote physical activity in/out of school. Achievement Tests.
All studer}ts had PE class tW}ce every 6 days. The CG participated in Academic performance was
Shore et al. USA Grade 6: ~11 years, Students in the EG also received two verbal the standard determined by erade Low risk
(2014) CG =46, EG =46 prompts in PE class to attain a 3200 step-count goal . - V&
. PE curriculum. point averages.
during classes.
Children learned in a Mathematics Achievement Test
Shoval etal. Israel 4-6 years, CG = 45, Two movement-based interventions conventional kinder- (MAT) Comprehension Readin, High risk
(2018) EG1=61,EG2 =54 P & 8

garten environment.

Test (CRT)
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Table 1. Cont.
Study Country Participants Intervention Comparator Outcome Ovz;tg:‘zlsk
Grades 6-7: . . . Custom-made grade-specific
Tarp et al. D K 1214 Targeting classroom, recess, and leisure-time h . d L ok
(2016) enmar —14 years, activity and through active transporta tion CG mathematics tests were used to oW 1S
CG =419, EG =191 Y assess academic performance.
The EG utilized a kit named “Move for Thought”, . CG: math content . Timed, cpmprehenswe, gr.ade-level
Vazou and USA Grades 4-5, which offers flexible options for inteerating PA without any changes in  appropriate, and standardized math Hioh risk
Skrade (2017) CG =118, EG =107 . ph . & & their regular tests in algebra and operations were 8
with academic subjects. . .
instructional format used to measure math performance.
Watson et al. . Grades 3-4: EG involved teachers incorporating 3 x 5 min Academic gchleverpent was .
Australia  8-10 years, CG = 218, - . . . . CG assessed using 1 min tests in Low risk
(2019) active breaks into their classroom routine daily. . .
EG =123 reading and mathematics.

CG: control group; EG: experimental group; PE: physical education.
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Study or Subgroup

Intervention
Mean SD Total

Mean

Control

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

1.1.1 Language

Ardoy etal. (2014) EG1

Ardoy etal. (2014) EG2
Garcia-Hermoso et al. (2020)
Mavilidi et al. (20183)

Sallis et al. (1993) EG1 Cohort 1
Sallis et al. {1999) EG1 Cohort 2
Sallis etal. (1999) EGZ Cohort 1
Sallis et al. {1999) EGZ Cohort 2
Subtotal (95% CI)

0.z 25 26
01 235 23
0.0z o0 a4
-0 24 29
-549 2863 A9

-18 281 118
-1.5 2471 147
-87 2736 165

661

Heterogeneity Tau®= 0.06; Chi*= 2356, df=7 (P = 0.001); F=70%

Testfor overall effect Z=1.42{P=0186)

1.1.2 Mathematics

Ardoy etal. (2014) EG1

Ardoy etal (2014) EG2

Beck et al. (2016)

Davis etal. (2011) EG1

Davis etal (2011) EG2
Donnelly et al. (2017)

Fakri and Hashim (2020)
Fedewaetal. (2015)

Gaoetal (2013) Year1

Gan etal (2013) Year 2
Garcia-Hermoso et al. (2020)
Hraste etal. (2018)

Layne etal. {2021)

Luhans etal. (2018)

Mavilidi and Yazou (2021) EG1
Mavilidi and Yazou (3021) EG2
Mavilidi et al. (2018k)

Mavilidi et al. (2020)
Mullender-winsma et al. (2016)
Polo-Recuern et al. (2020)
Guinto Romani and Klausen (2017)
Resaland etal. (2016)

Riley et al. (2016)

Sallis etal. {1999) EG1 Cohort1
Sallis etal. (1999) EG1 Cohort 2
Sallis et al. {1999) EG2 Cohort1
Sallis et al. (1999) EGZ Cohort 2
Shoval etal (2018) EG1

Shoval etal. (2018) EG2

Tarp etal. (2016)

Yazou and Skrade (2017)
Watson et al. (2019)

Subtotal (95% CI)

Heterogeneity: Tau®= 0.02; Chi*= 68.50, df= 31 (P = 0.0001); F=55%
Testfar overall effect Z=3.16 (P = 0.002)

1.1.3 Reading

Davis etal. (2011) EG1

Davis etal. (2011) EG2
Dannelly et al. (2017)
Fedewaetal. (2015)

Gaoetal (2013) Year1

Gan etal (2013) Year 2
Mullender-Wijnsma et al. (2016
Quinto Romani and Klausen (2017)
Resaland etal. {2018)

Sallis etal. {1999) EG1 Cohort1
Sallis etal. (1999) EG1 Cohort 2
Sallis et al. {1999) EG2 Cohort1
Sallis et al. (1999) EGZ Cohort 2
Shoval etal (2018) EG1

Shoval etal. (2018) EG2
Watson et al. (2019)

Subtotal (95% CI)

-0.7 25 26
0 294 23
43 1021 &1
1 14877 a5
1 1408 56
31 15832 36

229 a2 35
6.05 36.08 153
068 074 a5
072 062 A3
0.0z 082 a4
36 419 19
1028 A 19
59.31 791 584
201 Fa3
0.2 643 134
1162 138 20
019 1203 29
3433 222 179
28 213 14
0.1 1.3 454
B.14 1187 551
14 4505 142
-6.1 3036 59
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Figure 2. Standardized mean difference (95% confidence intervals, CI) between intervention and

control groups. Squares represent the SMD for each trial. Diamonds represent the pooled SMD

across trials.
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4. Discussion

In this systematic review, we examined the effects of different types of physical activity
programs on the academic performance of school students. After analyzing these effects
on an individual basis (i.e., via sub-group analyses), it was possible to verify that these
interventions did not increase academic achievement in language skills, reading skills, and
composite scores. In contrast, performance in mathematics significantly improved, which
reveals the important role played by physical education in some specific learning processes
and cognitive functions. Moreover, an analysis of the “overall effect” (i.e., through the use
of a pooled computation, considering all scores simultaneously) confirmed that physical
activity interventions are useful resources for enhancing the academic performance of
children and adolescents.

The contrasting results among the different subjects and learning abilities (i.e., mathe-
matics, language, and reading skills, and composite scores) are difficult to interpret and
may also be influenced by a variety of external factors (i.e., type and mode of exercise,
duration and frequency of training intervention, etc.) [59]. However, some similar results
can be found in several studies, thus requiring more detailed discussion. In this regard,
Quinto Romani et al. [59] examined the effects of five distinct training programs on the
academic performance of 1479 Danish students and reported some interesting findings:
(1) on average, all interventions seem to have a “very limited beneficial impact” on aca-
demic achievement; (2) this beneficial impact tends to be higher for “high-intensity training
programs”. The superior effects of more intensive training sessions on cognition and
learning skills were also highlighted in other investigations on this topic [41,44,50,62]. For
example, Ardoy et al. [41] analyzed the role played by exercise frequency and intensity
on academic success by comparing the effects of three different experimental conditions:
(1) standard physical education (“control group”) (i.e., sessions prescribed according to
the “National Law of Education”; 2 x 55 min/week); (2) increased exercise volume (“ex-
perimental group 17; “EG1”) (i.e., 4 x 55 min/week); and (3) increased exercise volume
and intensity (“EG2”) (i.e., more intensive 55 min sessions; 4 times/week). In general, the
EG2 group improved more than the control group and the EG1 group in several cognitive
functions and domains (i.e., non-verbal and verbal skills, abstract reasoning, and spatial
and numerical skills), which also indicates that the simple increase in frequency of physical
education sessions (e.g., from 2 to 4 times/week) is not sufficient to promote positive
effects on academic achievement (at least when these increases are not accompanied by
concomitant changes in exercise intensity). With that said, teachers and policy makers
should be aware that more intensive physical activities are required to achieve greater gains
in academic performance.

The positive effects of school-based physical activity programs were larger for mathe-
matics skills, with sub-group analyses revealing no significant effects for language- and
reading-related abilities and composite scores (Figure 2). Accordingly, Mavilidi et al. [43]
reported no improvements in cognitive function and some specific learning outcomes
(i.e., grammar skills) after examining the effects of a 4-week school-based program that
integrated physical activity into English lessons in children aged 11-12 years. Likewise,
Shore et al. [70] did not find any differences in academic achievement (assessed by com-
posite scores) after comparing the effects of a “school-based pedometer intervention” (i.e.,
a sample of sixth-grade students who received instructions to achieve 3200 steps during
physical education classes and a total of 10,000 daily steps for 6 weeks) with the effects of
“standard physical education” (i.e., students who participated in regular physical education
classes). Despite the short duration of the abovementioned studies (i.e., <6 weeks), their
findings contrast with previous investigations with similar time periods and aims, which
assessed the effects of physical activity on mathematics skills. For instance, a 6-week study
comparing the effects of three different strategies (i.e., “conventional math teaching” versus
math teaching combined with “fine” or “gross” motor tasks) showed that participation in
the math classes that integrated more vigorous physical activities (i.e., inter-limb move-
ments such as skipping, throwing, and one-legged balancing) could positively influence
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mathematical achievements in pre-adolescent children [45]. Vazou et al. [62] observed a
similar trend in an 8-week intervention that tested the effects of physical activity (com-
bined with math) in fourth- and fifth-grade students. In that study, the increase in math
performance was significantly larger in the “integrated physical activity group” (compared
with that of the control group, who participated in traditional math classes). From these
results, it is possible to infer that (1) improvements in math skills are more expected and
consistent than in other skills (e.g., improvements in language or reading abilities) after
short- or mid-term (<8 weeks) physical education programs and (2) the integration of
physical activity into regular classes (especially mathematics) could be an effective strategy
to enhance learning in school-aged students.

In fact, the benefits of physical education for math learning appear to be more pro-
nounced even in long-term studies. In this sense, Lubans et al. [53] demonstrated the
positive (small-to-medium) effects of a 15-month “multicomponent physical activity pro-
gram” (including physical education classes with moderate-to-vigorous exercises) on
mathematics performance in an investigation conducted with hundreds of eighth-grade
students. Mullender-Wijnsma et al. [57] confirmed this tendency after analyzing the results
of a 2-year intervention that integrated physical activities into math and spelling lessons in
almost 500 s- and third-grade students from 12 elementary schools. Curiously, in that study,
both spelling and general math skills increased (compared with the control group); never-
theless, the positive effect on mathematics performance (revealed by the “child academic
monitoring system test”) was already detected after one year of intervention, whereas
spelling ability was only enhanced after two years. Together, these findings suggest that the
improvements in mathematics learning obtained through the implementation of systematic
physical education programs might be superior, at least when compared with language-
and reading-related abilities. This also holds true for analyses integrating a variety of
learning scores (i.e., composite scores) and agrees with the main outcome of this system-
atic review, which highlights the positive influence of physical education programs on
mathematics achievement.

5. Conclusions

In general, the positive effects of school-based physical education programs on aca-
demic performance are not uniform and seem to be higher for mathematics skills. These
effects may be optimized with the integration of multi-component exercise schemes into
regular classes of different education levels as an efficient and alternative learning strategy.
The concomitant prescription of “gross motor tasks” and more intensive (and appropriate)
physical activities is also recommended in an attempt to maximize students’ learning
outcomes. In addition to the recognized benefits of systematic exercise on both health
and psychological well-being, the implementation of evidence-based physical education
programs in distinct school settings emerges as a promising strategy to increase overall
academic achievement in school-aged students.
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