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ABSTRACT

OWEN, K. B, B. C. FOLEY, K. WILHITE, B. BOOKER, C. LONSDALE, and L. J. REECE. Sport Participation and Academic Perfor-
mance in Children and Adolescents: A Systematic Review and Meta-analysis. Med. Sci. Sports Exerc., Vol. 54, No. 2, pp. 299-306,
2022. Introduction: Physical activity can improve academic performance; however, much less is known about the specific association be-
tween sport participation and academic performance, and this evidence has not been synthesized. Our aim was to systematically review and
combine via meta-analyses evidence of the association between sport participation and academic performance in children and adolescents.
Methods: We conducted searches of five electronic databases using sport and academic performance related terms. We combined evidence
from eligible studies using a structural equation modeling approach to multilevel meta-analysis. Results: From 115 eligible studies, most of
which had a high risk of bias (k = 87), we meta-analyzed 298 effect sizes. Overall, sport participation had a small positive effect on academic
performance (d = 0.26, 95% confidence interval = 0.09, 0.42). Moderator analyses indicated that sports participation was most beneficial for
academic performance when it was at a moderate dose (i.e., 1-2 h-wk '), compared with no sport or a high dose of sport (3+ h-wk ™).
Conclusions: Sports participation during school hours was more beneficial for academic performance compared with sport participation out-
side school hours. Based on mostly low-quality studies, we found some evidence that sport could positively affect academic performance in
children and adolescents. It appears that sport participation of a moderate dose and at school could be used to promote academic performance.
However, if this field were to inform policy, high-quality studies are needed that provide insight into the effect of dose and sport characteristics
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Physical activity and academic performance. There
is evidence that physical activity positively influences aca-
demic performance in children and adolescents (1). A recent
systematic review of systematic reviews identified 12 reviews
of experimental studies: 6 concluded physical activity had a
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positive effect on academic performance, and the other 6 re-
ported a mixture of positive and null effects leading to incon-
clusive findings (1). A common hypothesis to explain this
generally accepted positive association is improved cognitive
function and brain structure and function (2,3). Donnelly et al.
(4) systematically reviewed evidence of the effects of physical
activity on cognitive function, brain structure, and function in
children and concluded that physical activity was beneficial.
More recently, Valkenborghs et al. (5) systematically reviewed
experimental medical imaging studies investigating the effects
of physical activity on children and adolescents brain structure
and function. In terms of structural changes, physical activity
can improve white matter integrity of the corpus callosum, a re-
gion in the brain important for cognitive processing. Physical
activity can also result in changes in the frontal lobe, which is
responsible for executive processes, cognition, attention, and
information processing. These changes in the brain and im-
proved cognitive function could explain how physical activity
improves academic performance.
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Sport and academic performance. Sport is a type of
physical activity that is distinct from recreation (e.g., going to
the gym or dancing), active transport (e.g., walking or biking
to school or work), and other forms of physical activity (e.g.,
physically active employment or household chores). Sport is
defined as physical exertion, skill, and/or hand—eye coordina-
tion as the focus of the activity, with elements of competition
and rules set formally through organizations, and sport may be
participated in either individually or as a team (6). Children
can participate in organized sports during school time or lei-
sure time, and on weekdays or weekends.

Sport could provide additional benefits, over and above those
acquired from physical activity. Recent experimental studies
have found that compared with moderate to vigorous physical
activities with low cognitive engagement (e.g., running), sports
provided additional cognitive benefits (7,8). These additional
cognitive benefits are likely due to the increased cognitive load
from performing moderate to vigorous physical activity and
skills in a dynamic and changing environment during sports
participation. It is also possible that the type of sport and skills
involved in the sport could affect the cognitive benefits. Sports
can involve either open skill (i.e., performed in a dynamic and
changing environment such as tennis or basketball) or closed
skill (predictable stable environment such as swimming or cy-
cling) (9). Open skills have high cognitive demands and provide
practice with cognitive functions such as visuospatial ability,
information-processing speed, multitasking flexibility, working
memory, and inhibitory control. Two recent systematic reviews
have concluded that sports with open skills are more effective in
improving cognitive function compared with sports with closed
skills (10,11). Therefore, sports could provide additional cogni-
tive benefits (e.g., academic performance) compared with more
general physical activity (12). However, the evidence examin-
ing the specific association between sport participation and ac-
ademic performance has not been systematically reviewed or
combined in meta-analyses. The primary objective of this study
was to examine the association between sports participation and
academic performance, by reviewing and combining studies
that examined the association between sport participation and
academic performance in children and adolescents. The second-
ary objective was to explain the heterogeneity in the overall
sport and academic performance effect size by testing potential
moderators (13). Moderator analyses may explain some of the het-
erogeneity in effect sizes, provide direction for future research,
and guide intervention efforts. We compared type of sport (i.e.,
different settings and doses), type of academic performance (i.e.,
different school subjects and types of measures), participant charac-
teristics (i.e., different ages), and study quality (study design and risk
of bias) to provide insights into the most effective way to use
sport to promote academic performance for specific groups.

METHODS

This systematic review and meta-analysis was registered at
PROSPERO (ID no. CRD42020185908) and guided by the

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Statement (14).
Eligibility criteria. Studies were required to

« include children or adolescents (i.e., school-age children
enrolled in primary or secondary school or mean age be-
tween 5 and 18 yr)

* not exclusively examine special populations (e.g., children
diagnosed with ADHD or obesity)

* assess sport participation either during school hours or
outside school hours. Examples of acceptable measures
include the number of sport sessions per week or the du-
ration (min) of sport participation per weeks

* assess academic performance using performance outcomes
measured within the school environment. Academic per-
formance was defined as performance outcomes that indi-
cate the extent to which an individual has accomplished
specific goals within the school environment (15). For ex-
ample, performance measures include class test scores and
grades (class performance), grade point average (across
class performance), and standardized test results (e.g.,
Woodcock—Johnson Tests of Achievement)

* quantitatively assess the association between sport partic-
ipation and academic performance

* involve an experimental (randomized controlled trials
and quasi-experimental), longitudinal, or cross-sectional
study design

* have a full-text available in the English language

* be conducted between 1990 and March 2020.

Information sources. Searches were conducted in ERIC,
PubMed, Psych Info, Scopus, and Sport Discus up to March
23, 2020. Search results were extracted into Endnote. Addi-
tional studies were identified by searching the reference lists
of included studies and posting a message on electronic mailing
lists (LISTSERVS), requesting that researchers provide infor-
mation about unpublished studies that met the inclusion criteria.

Search. The search strategy combined the following terms:
(a) sport* AND (b) academic performance OR academic out-
come OR academic achievement OR academic success OR ac-
ademic attainment OR academic grades OR school grades OR
scholastic OR scholastic performance OR scholastic achieve-
ment OR grade point average OR standardized test score OR
test scores OR reading OR math* OR learning OR grade OR lit-
eracy OR numeracy AND (c) child* OR adolescent* OR teen*
OR school-age OR student®* OR youth OR boy* OR girl* (for
the full search strategy in PubMed, see Supplemental Digital
Content 1, http:/links.lww.com/MSS/C429).

Two authors independently assessed the titles, abstracts,
and full texts of articles for eligibility in two stages (Fig. 1).
In the first stage, titles and abstracts were screened. In the sec-
ond stage, relevant full texts were retrieved and assessed for el-
igibility. Any discrepancies were resolved by discussion with
a third investigator.

Data extraction. Data extracted included the year of pub-
lication, authors, study design, sample size, age of participants,
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Records identified through database

searching
(n=6,306)

Additional records identified through

other sources
@=1)

(n=5,456)

Records after duplicates removed

Records screened Records excluded
(n=5,456) (n=5,180)
Full-text articles assessed for Full-text articles excluded, with reasons
cligibility (m=161)
(n=276)
© No sport measure (n=56)

Studies included in
qualitative synthesis
@=115)

Studies included in
itative synthesis

© No academic performance measure (n=34)

© No explicit analysis of the association
(0=49)

e Participants too old/young (n=15)

© No full text (n=6)

© Non-English manuscript (n=1)

Studies excluded (n =5)

(pooled d)
@=110)

© Not enough information provided
1o convert to Cohen’s d (n=4)

e Same sample used as another
study (n=1)

FIGURE 1—Flow diagram of search results and study inclusion and exclusion.

proportion of males and females, country, sport participation
measure, academic performance measure, and the association
between sport participation and academic performance.

Risk of bias in individual studies. Risk of bias in indi-
vidual studies was assessed using a combination of items from
the Strengthening the Reporting of Observational Studies in
Epidemiology, the Consolidated Standards of Reporting Trials,
and the Cochrane Handbook for Systematic Reviews. Criteria
included: (a) description of participant eligibility criteria, (b)
random selection of schools and/or participants (sampling
procedures appropriate and adequately described), (c) valid
assessment of participant sport participation (reliability and
validity evidence reported in the article), (d) valid assessment of
participant school academic performance (reliability and validity
evidence reported in the article), (¢) power calculation reported
and study adequately powered to detect hypothesized associa-
tion, (f) description of the completeness of academic perfor-
mance data and how missing data was handled, and (g) covari-
ates adjusted for in analyses (e.g., gender, age, weight status).
Two researchers independently rated each study on each of these
criteria, and any discrepancies were resolved by discussion with a
third investigator. Studies that met less than half of the criteria
were considered to have a high risk of bias, whereas studies that
met more than half of the criteria were considered to have a low
risk of bias.

Summary measures and synthesis of results. Sum-
mary measures included standardized mean differences,

correlation coefficients,  values, log odds ratios, and F values.
We converted the most adjusted summary measure within each
individual study to Cohen’s d (16,17). We corrected Cohen’s d
for sample size, so that effect sizes for smaller studies were re-
duced to control for different sample sizes across studies (18).
These corrected Cohen’s d values were then conservatively
interpreted as small (0.2), medium (0.5), or large (0.8) (19).

We combined effect sizes using a structural equation modeling
approach to multilevel meta-analysis. The main advantage of
this approach is that it is not limited by the assumption of in-
dependence and multiple effect sizes can be included from
each study (i.e., effect sizes are nested within studies). Uncon-
ditional mixed-effects models using maximum likelihood esti-
mation were conducted to calculate the overall pooled effect
size (pooled Cohen’s d). For each pooled effect size, 95%
likelihood-based confidence intervals were calculated. All analy-
ses were conducted using the metaSEM package (20) in R
Version 4.0.2 (21).

The P statistic measures variability in the effect sizes (i.e.,
heterogeneity) (22). An I* statistic between 0% and 40%
might not be important, 30% to 60% might represent mod-
erate heterogeneity, 50% to 90% might represent substantial
heterogeneity, and 75% to 100% considerable heterogeneity
(23). Heterogeneity can be explored and explained using
moderator analyses.

The first moderator we tested was the sport context. To pro-
vide direction for future research and guide intervention efforts,
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we compared the association between sport in the school setting
(i.e., during school hours) and outside school (i.e., outside
school hours) with academic performance. If sport participa-
tion could not be differentiated from physical activity partici-
pation, such as activity during physical education lessons or
Iunch breaks, these studies were excluded. Second, as there
is some evidence for a dose—response association between
physical activity and academic performance (24), we com-
pared a low (1 sport or <1 h-wk ! or <1 session per week),
medium (2 sports or 2 h-wk ' or 2 sessions per week), and
high (3+ sports or 3+ h-wk ™' or 3+ sessions per week) dose
of sport. Next, we compared the association between sport and
academic performance in different school subjects (i.e., math-
ematics, science, English, and language). There is some evi-
dence that physical activity is most beneficial for mathematics
as physical activity improves executive function, working
memory, and cognitive flexibility, which are important com-
ponents in mathematics (25). Fourth, to ensure that the overall
effect size was not inflated due to methodological artifact, we
compared the academic performance measures (i.e., self-
reported grades vs school reported grades vs standardized
tests). Next, as sport dropout peaks during adolescence, we
compared the association between sport and academic perfor-
mance in children (younger than 13 yr) and adolescents (13 yr
or older) (26). Finally, to examine risk of bias within studies,
we compared studies with a high and low risk of bias, and to
assess publication bias, we compared published and unpub-
lished studies (27). For each moderator analysis, we calculated
the proportion of explained variance by the inclusion of the
potential moderator variable (R?).

Risk of bias across studies. We assessed risk of bias
across studies (publication bias) using funnel plots (28) and
Egger’s regression asymmetry tests (29). First, we constructed
funnel plots by plotting the effect sizes against the standard er-
rors and inspected the symmetry. Next, we conducted Eggers’
regression asymmetry tests by regressing the normalized effect
estimate (effect size divided by its standard error) against pre-
cision (reciprocal of the standard error of the effect size). The
regression line will run through the origin when the funnel plot
is symmetrical (i.e., no bias).

RESULTS
Study Selection

Searches of electronic databases identified 5456 nonduplicate
records (Fig. 1). After reviewing titles and abstracts, 276 full-text
articles were retrieved and screened. Of these, 115 met the in-
clusion criteria and 110 provided sufficient information to be
included in the meta-analysis.

Study Characteristics

Study characteristics are displayed in Supplemental Table 1
(Supplemental Digital Content 2, http://links.lww.com/MSS/
C430). Publication dates ranged from 1991 to 2020. The ma-
jority of studies were published in the United States (k = 87),

followed by Canada (k = 5), Turkey (k = 4), Finland (k = 3),
and Australia (k = 2). Study designs were mostly cross-
sectional (k = 62) or longitudinal (k = 46), with six quasi-
experimental study designs, and no randomized controlled tri-
als. The experimental studies involved sports programs during
school hours (k = 3) and outside school hours (k = 3).

There was a total of 1,184,664 participants included. Sam-
ple sizes ranged from 13 (30) to 139,349 (31), and mean ages
ranged from 9.1 to 17.7 yr with the majority sampling adoles-
cents (i.e., 13+ yr old) (£ = 86).

Academic performance was measured using school
grades (k = 68), standardized tests (k = 24), and self-reported
grades (k = 18). Most studies examined an overall compos-
ite grade (k = 79), with some studies specifically assessing
mathematics (k = 37), English (k = 23), science (k = 10)
and other subjects (k= 13).

Risk of bias within studies. Risk of bias assessments
are detailed in Supplemental Table 2 (Supplemental Digital
Content 3, http:/links.Iww.com/MSS/C431). Initial interrater agree-
ment for risk of bias ratings was 97% (Cohen’s kappa = 0.94),
but all discrepancies were resolved after discussion. Most
studies had a high risk of bias (79%; k = 87), and 23 studies
(21%) had a low risk of bias.

Synthesis of results. Overall, sport had a small positive
effect on academic performance (d = 0.26, 95% confidence in-
terval [CI] = 0.09-0.42) (Table 1). A moderate proportion of
the variation within this pooled effect was attributable to dif-
ferences within studies (° = 0.58) and differences between
studies (7 = 0.42).

Moderator Analyses

Sport. Sport context moderated the association between
sport participation and academic performance (R*> = 0.02).
Sports participation during school time had a small to moder-
ate positive association with academic performance (d = 0.36,
95% CI = 0.12-0.61), whereas sport participation outside
school time had a small positive association with academic
performance (d = 0.22, 95% CI =—0.34 to 0.58), but the con-
fidence intervals crossed zero.

Weekly sport dose accounted for a portion of the het-
erogeneity between studies that examined the association
between sport participation and academic performance
(R* = 0.12). A medium dose of sport had a small positive
association with academic performance (d = 0.20, 95%
CI=-0.02 to 0.43), whereas a low and high dose had negli-
gible effects (d = 0.06, 95% CI =-0.20 to 0.32 and d = 0.13,
95% CI=-0.11 to 0.40).

Academic performance. The academic performance
measure moderated the association between sport partici-
pation and academic performance (R = 0.02). Studies that
used school reported grades reported a small positive asso-
ciation between sport and school grades (d = 0.33, 95%
CI = 0.11-0.55), whereas studies that used self-reported
grades and standardized tests reported negligible effects
(d =0.18, 95% CI = —0.23 to 0.60, and d = 0.12, 95%
CI=-0.23 to 0.46).
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TABLE 1. Results of academic performance meta-analyses and moderator analyses.

Number of  Effect Size  Lower  Upper
Variable k Effect Sizes (Cohen’sd) 95%Cl 95%Cl 72 -3 R2 R.3
Overall academic performance 110 298 0.26 0.09 042 065 0.46
Moderator analyses
Sport
Type of sport 0.65 046 0.00 0.02
In school 51 158 0.36 0.12 0.61
Outside school 26 51 0.22 -0.13 0.58
Both 17 47 0.10 -0.34 0.54
Sport dose 004 0.04 012 0.1
Low 5 6 0.06 -0.20 0.32
Medium 8 9 0.20 -0.02 043
High 6 6 0.13 -0.11 0.40
Academic performance
Type of academic performance 065 046 0.00 0.02
Self-reported grades 18 52 0.18 -0.23 0.60
School grades 68 161 0.33 0.1 0.55
Standardized test 24 85 0.12 -0.23 0.46
School subject 064 044 0.02 0.06
Combined grades 79 162 0.21 0.02 0.41
Mathematics 37 59 0.29 0.00 0.57
English 25 43 0.20 -0.13 0.53
Science 11 14 0.83 0.33 1.33
Language 5 8 0.36 -0.32 1.04
Other 8 1 0.70 0.13 1.27
Participation characteristics
Age 065 046 0.00 0.00
Children 16 38 0.26 -0.18 0.69
Adolescents 86 243 0.27 0.07 0.46
Study quality
Study design 065 046 000 0.03
Cross-sectional 60 156 0.37 0.14 0.60
Longitudinal 44 125 0.12 -0.14 0.38
Experimental 6 17 0.23 -0.47 0.93
Publication status 065 046 0.00 0.00
Published 77 211 0.28 0.08 0.48
Unpublished 33 87 0.19 -0.11 0.50
Risk of bias within studies
Overall 065 046 0.00 0.01
Low risk of bias 23 61 0.11 -0.26 0.48
High risk of bias 87 237 0.29 0.10 0.48
Description of participant eligibility criteria 0.65 047 0.00 0.03
Yes 0.14 -0.10 0.38
No 0.37 0.13 0.61
Sampling procedures appropriate and adequately described 0.65 047 0.00 0.01
Yes 0.15 -0.13 0.44
No 0.31 0.10 0.52
Power calculation reported and study adequately powered to detect hypothesized relationships 0.65 047 0.00 0.00
Yes 0.23 -0.46 0.93
No 0.26 0.08 0.43
Description of the completeness of outcomes data and how missing data was handled 065 047 000 0.02
Yes 0.14 -0.12 0.40
No 0.34 0.11 0.56
Covariates adjusted for in analyses 065 047 0.00 0.04
Yes 0.12 -0.11 0.35
No 0.41 0.16 0.65

School subject was also an important moderating factor in
the association between sport participation and academic per-
formance (R* = 0.06). Sport participation had a strong positive
association with science grades (d = 0.83, 95% CI = 0.33—
1.33), a small positive association with mathematics grades
(d=0.29, 95% CI = 0.00-0.57) and overall grades (d = 0.21,
95% CI = 0.02-0.41), and a small positive but nonsignificant
association with English (d = 0.20, 95% CI = —0.13 to 0.53)
and language (d = 0.36, 95% CI =—0.32 to 1.04).

Study Design

Study design moderated the association between sport par-
ticipation and academic performance (R* = 0.03). In cross-
sectional studies, sport had a small to moderate positive

association with academic performance (d = 0.37, 95% CI =
0.14-0.60), whereas longitudinal and experimental studies had
negligible (d = 0.12, 95% CI = —0.14 to 0.38) to small effects
(d=0.23,95% CI=-0.47 to 0.93).

Risk of bias within studies. Risk of bias explained a
very small portion of the heterogeneity between studies exam-
ining the association between sport participation and academic
performance (R* = 0.01). Studies with a high risk of bias re-
ported a small positive effect (d = 0.29, 95% CI = 0.10-
0.48), whereas studies with a low risk of bias reported a negli-
gible effect (d =0.11, 95% CI = —0.26 to 0.48).

Age and publication status explained negligible variation in
the association between sport participation and academic per-
formance (R = 0.00).
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Risk of bias across studies. Published studies reported
a small positive effect of sport on academic performance
(d=0.28, 95% CI = 0.08-0.48), whereas unpublished studies
found a nonsignificant small positive effect (d = 0.19, 95%
CI=-0.11 t0 0.50). Asymmetry of effect sizes in the funnel plot
(Fig. 2), and a significant Egger’s regression test (z = —2.54,
P =0.01) indicated that there was publication bias.

DISCUSSION

This systematic review and meta-analysis were the first to
assess the specific association between sport participation
and academic performance in children and adolescents. The
results showed that sports participation had a small to moder-
ate positive association with academic performance. However,
most studies were of low quality, and there was high heteroge-
neity between studies.

The majority of studies had a high risk of bias. In particular,
studies often did not use appropriate sampling procedures, use
a valid measure of sport participation, conduct a power calcu-
lation and adequately power the study, describe the proportion
and handling of missing data, or adjust for covariates. Only
one study used a validated sport measure (32); however, this
measure is only available in German. To accurately assess
the association between sport participation and academic per-
formance, studies need to accurately measure sport participa-
tion. We recommend a consensus surrounding the availability
or development of a validated sport measure in English and
other languages. Further, addressing missing data and adjusting
for covariates are important statistical considerations that could
bias the result. If conclusions are to be drawn regarding specific
sport effects on academic performance, high-quality studies
with low risk of bias are required.

0
|

Standard error

0627 047 0313 0.157

05 1

15 2

Effect size
FIGURE 2—Funnel plot.

Study design influenced the association between sport par-
ticipation and academic performance. Although effects for all
study designs were in the positive direction, cross-sectional stud-
ies were the only study design to report a significant positive
effect. It could be that sport participation is positively corre-
lated with academic performance but does not cause increased
academic performance. Selection bias could explain why
children who participate in sport also have higher academic
performance. Participation in sports is self-selected, and it is
likely that children who choose to participate in sport differ
systematically from those who do not. Children who choose
to participate in sport could differ in terms of intrapersonal
psychological processes such as motivation, interpersonal fac-
tors such as parental support, or environmental factors such as
socioeconomic status (33). An alternate explanation is a third
unmeasured factor such as mental health that has a causal ef-
fect on both sport participation (34) and academic perfor-
mance (35). Vella etal. (34) found bidirectional relationships
between time involved in organized sport and overall mental
health (measured by Strengths and Difficulties Questionnaire),
but mental health was a somewhat stronger predictor of later
sports participation than vice versa. Before causal inferences
can be made, further high-quality longitudinal or experimental
studies are needed.

Sports participation during school hours was the most ben-
eficial for academic performance. Sport at school is likely im-
mediately before academic lessons and therefore could have
an immediate effect on children’s attention and time on task
(36), which may facilitate academic learning and performance.
Educators perceive pressures to increase academic perfor-
mance outcomes and often think that time spent sitting in the
classroom is more beneficial to academic performance than
time spent being physically active (37,38). However, the re-
sults of this study suggest that this is not the case and that
school-based sport interventions could be a cost-effective
strategy to influence almost all children and adolescents’ phys-
ical activity and, subsequently, academic performance. There is
also evidence that suggests exposure to physical activity oppor-
tunities in the education setting can help children develop active
behaviors that track into adult life (39). Results of this study
suggest that promoting sport participation in school could
increase academic performance as well as provide additional
opportunities to promote health and well-being outcomes through
physical activity promotion.

The dose of sport influenced the association between sport
participation and academic performance. Children who played
sport for 1-2 h-wk ! had higher academic performance outcomes
compared with children who played no sport or 3+ h-wk .
This finding suggests that an inverted-U shape association
could exist between sport participation and academic perfor-
mance (i.e., physical fatigue could lead to decreased cognition
and academic performance) (40). Practically, it could also be
that children who played sport for 1-2 h-wk ! still have time
for recreation, sleep, homework, and study, whereas children
who spend more time playing sport do not have time. Alterna-
tively, it could be that children who have or perceive low
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academic abilities (i.e., low academic self-concept) spend
more time participating in sports (41). However, it is important
to note that only 19 studies examined the dose—response associ-
ation, and of these 18 had a high risk of bias. More high-quality
studies are needed on the dose—response association between
sport participation and academic performance.

Sport participation was more beneficial for mathematics and
science grades compared with English and language grades.
This finding is consistent with a recent systematic review that
examined the association between physical activity and school
grades and found that physical activity was beneficial for math-
ematics, but not for language (42). Skills developed through
sport, such as problem solving (43), can be transferred to class-
room learning and possibly more so to mathematics and science
learning where problem solving is more commonly used. This
result could also be explained by sex differences in sport partici-
pation (44) and science, technology, engineering, and mathemat-
ics (STEM) subject performance (45). Boys tend to participate in
higher levels of sport and are more likely to continue participating
into adolescence and adulthood. Boys also achieve higher grades
in mathematics and science (45). Future high-quality longitudinal
studies are needed that examine the relationship between sport
and STEM subjects before sport can be used to promote aca-
demic performance in these subjects, which are core subjects that
provide children with the critical skills they need for informed
personal decision making and effective community, national,
and global citizenship (46).

Strengths and limitations. This is the first systematic re-
view and meta-analysis of the association between sport partic-
ipation and academic performance to the author’s knowledge.
Some limitations to this study must be acknowledged. First,
there was moderate unexplained heterogeneity in the overall ef-
fect size, and therefore, the results should be interpreted with
caution. This heterogeneity could be attributed to the wide vari-
ety of sports (e.g., basketball, gymnastics, and football) and ac-
ademic performance measures (e.g., standardized mathematics
test, self-reported Arabic language grade), but some heteroge-
neity was explained by moderator analyses. It is likely that other
factors are responsible for the unexplained variation, and further
research is needed to understand the source of this variation.
Second, publication bias was found in our study. However,
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