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Abstract

With physical inactivity becoming a worldwide crisis,
physical literacy is recognized as a potential gateway
for the promotion of physical activity. This study
intended to examine the relationship between physical
literacy and physical activity and examine whether
there exist potential moderators of this relationship. Six
databases including PubMed, ScienceDirect, ProQuest,
Web of Science, ERIC, and PsycINFO were searched on
April 11th, 2024 for the last time. Random-effects meta-
analyses were conducted to examine the strength
between physical literacy and physical activity, with
subgroup analyses and meta-regression analyses
applied to examine the potential moderators. A total of
3,932 articles were identified, of which only 26 studies
were included after undergoing title, abstract, and full-
text screening. There was a positive and moderate cor-
relation (r = 0.369) between physical literacy and phys-
ical activity, with physical activity intensity
(Q =11.608, p < 0.05) and the selection of physical
activity assessments (Q = 9.523, p < 0.05) serving as
moderators in this relationship. As for gender, the
selection of physical literacy assessments, mean age,
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and sample size, their moderating role wasn't signifi-
cant. Future research regarding physical literacy and
physical activity should pay more attention to relevant
moderators and conduct more longitudinal studies to
explore the dynamic change in their relationship
over time.
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INTRODUCTION

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles
that requires energy expenditure (World Health Organization, 2020). Physical inactivity has
become a “global public crisis” (Guthold et al., 2020). One-third of adults and 81% of students
aged 11-17 worldwide are not physically active enough, and the prevalence of physical inactiv-
ity is rising in more than 100 countries (Guthold et al., 2020; Strain et al., 2024). Lack of physi-
cal activity is a predominant risk element for deaths due to non-communicable diseases, and
individuals with inadequate physical activity face a 20% to 30% higher risk of mortality than
those who maintain sufficient levels of exercise (World Health Organization, 2022).

Physical literacy is drawing more focus as a possible pathway to engaging in physical activi-
ties (Dudley et al., 2017; Edwards et al., 2017; Longmuir & Tremblay, 2016). At present, physical
literacy is generally recognized as a multi-dimensional construct, despite the diversity in its def-
inition (Edwards et al., 2017; Tremblay et al., 2018; Whitehead, 2013). According to the Interna-
tional Physical Literacy Association (IPLA), physical literacy can be described as the
motivation, confidence, physical competence, knowledge, and understanding to value and take
responsibility for engagement in physical activities for life (International Physical Literacy
Association, 2017). In Canada, the definition of physical literacy was derived from the IPLA
and was supported by a joint consensus statement from leading non-governmental stakeholders
in physical activity promotion (International Physical Literacy Association, 2015; Keegan
et al., 2019; Longmuir et al., 2015). Moreover, to better reflect its specific cultural and political
context, Australia developed a tailored definition. Physical literacy refers to the integration of
physical, psychological, social, and cognitive capabilities that help us live active, healthy, and
fulfilling lifestyles (Sport Australia, 2020). The Australian Physical Literacy Framework, which
incorporates four domains (physical, psychological, social, and cognitive) and 30 corresponding
elements, further elaborates on the IPLA definition. Diverse measurement tools, grounded in
different definitional dimensions, currently exist. According to Barnett et al. (2023), the instru-
ments primarily comprise self-report measures, including the Physical Literacy in Children
Questionnaire (for children) (Barnett, Mazzoli, Bowe, et al., 2022; Barnett, Mazzoli, Hawkins,
et al., 2022), the Adolescent Physical Literacy Questionnaire (Mohammadzadeh et al., 2022),
Chinese Assessment and Evaluation of Physical Literacy (Chen et al., 2020), Portuguese Physi-
cal Literacy Assessment Questionnaire (Mota et al., 2021), Perceived Physical Literacy Inven-
tory (Sum et al., 2018), and Perceptions of Physical Literacy for Middle-School Students (for
adolescents) (Dong, 2021), and the Physical Literacy Charting Tool (no age specification)
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(International Physical Literacy Association, 2018). The PLAYcoach is a proxy-report instru-
ment designed for coaches (Caldwell et al., 2021). Mixed assessment approaches, combining
self-report and observation, include the Canadian Assessment of Physical Literacy Second Edi-
tion (Longmuir et al., 2018), Passport for Life (Lodewyk & Mandigo, 2017), PLAYfun and
PLAYself (Cairney, Veldhuizen, et al., 2018; Jefferies et al., 2021).

The majority of studies have identified a positive relationship regarding physical literacy
with physical activity (Bremer et al., 2019; Choi et al., 2018; McKay et al., 2023; Nezondet,
Gandrieau, Nguyen, & Zunquin, 2023; She et al., 2023). For example, children identified with
a high physical literacy profile exhibited enhanced involvement in physical activity
(Brown et al., 2020). However, the strength of the correlation coefficient relating physical liter-
acy to physical activity was disputed. Some studies indicated that correlation coefficients
(r values) were less than 0.3 (Melby et al., 2022; Tang et al., 2023; Yan et al., 2023), whereas
others reported r values of 0.5 or higher (Farren et al.,, 2021; Kesic et al., 2022; Nezondet,
Gandrieau, Bourrelier, et al., 2023). Besides, there were also studies that presented a negative
(Choi et al., 2023) or an inapparent relationship between the two (Brandelli et al., 2022; Li,
Sum, et al., 2021). Therefore, due to the lack of an overview about the relationship and the exis-
tence of different research results on the relationship, it is difficult to draw a conclusion.

Moreover, other potential elements might influence the connection regarding physical liter-
acy with physical activity. A study reported that boys gained significantly higher overall physi-
cal literacy scores than girls (Belanger et al., 2018). This result is consistent with other research
demonstrating that girls are linked to lower physical literacy scores than boys
(Melby et al., 2023). Moreover, as for meeting physical activity guidelines, girls had decreased
odds of meeting physical activity guidelines compared to boys, but whether there are significant
differences is controversial (Belanger et al., 2018; Mazzoli et al., 2024). Similar findings were
observed in other global research, which revealed that the prevalence rate of physical inactivity
is higher among girls than boys (Strain et al., 2024). Recent studies found that correlation coeffi-
cients (r values) between physical literacy and physical activity varied with gender
(Kesic et al., 2022; Melby et al., 2023), indicating that gender may be a potential moderator for
these two variables.

Besides gender, age may also be a potential factor affecting an individual's physical literacy
and physical activity. According to Cairney, Veldhuizen, et al. (2018), PLAYfun scores tended
to increase with age, which aligns with expected developmental progression. Furthermore,
physical activity decreased significantly with age, and the downward trend was more pro-
nounced on weekends (Jago et al., 2020; Nader et al., 2008). In one study, differences in correla-
tion coefficients between perceived physical literacy and physical activity were observed, both
before and after controlling for gender and age (Ortega-Benavent et al., 2024). As such, this
study centers on the potential moderating effect of age on the link involving physical literacy
along with physical activity.

Moreover, the connection regarding physical literacy with physical activity may depend on
physical activity intensity. A study reported a significant association relating physical literacy to
three different physical activity intensities: light physical activity (LPA), moderate physical
activity (MPA), and vigorous physical activity (VPA), with physical literacy being most strongly
associated with vigorous physical activity (Gandrieau et al., 2023). This is similar to another
study, which showed that the correlation r values between physical literacy and moderate-
to-vigorous physical activity (MVPA) were higher than those between physical literacy and light
physical activity (Yan et al., 2022). Hence, our research regards physical activity intensity as a
potential moderator.
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Finally, to identify more potential moderators and gain a deeper comprehension about the
connection regarding physical literacy with physical activity, we examined studies presenting
differing results on this relationship. Currently, three types of associations connecting physical
literacy to physical activity have been reported: a significant positive correlation, no correlation,
and a negative correlation (Brandelli et al., 2022; Choi et al., 2023; Li, Sum, et al., 2021).
Further analysis revealed substantial variations among these studies in terms of physical liter-
acy assessments, physical activity measurements, and sample sizes. For instance, in the same
study, the r value was significant when the Perceived Physical Literacy Instrument was
employed for assessing physical literacy, but became non-significant with the use of the
Canadian Assessment of Physical Literacy Second Edition (CAPL-2) (Li, Sum, et al., 2021).
Therefore, we hypothesized that these three factors might serve as potential moderators and
incorporated them into our study for further examination.

In summary, numerous factors, including gender, age, physical activity intensity, physical
literacy assessments, physical activity assessments as well as sample size, may account for the
differences in the link uniting physical literacy with physical activity. When interpreting
research findings and drawing conclusions about this relationship, it is reasonable to consider
these variables, along with their respective influences and implications.

Due to the above all, there are still some questions that are not clear and need to be
explored. (1) What is the relationship between physical literacy and physical activity? If they
are related, what is the strength of the correlation? (2) Are there some potential moderators for
this relationship?

Therefore, this study aims to (1) explore the relationship between physical literacy and phys-
ical activity, as well as evaluate the strength of their association; (2) explore whether there exist
potential moderators (i.e., gender, age, physical activity intensity, physical literacy assessments,
physical activity assessments, and sample size) for the connection relating physical literacy to
physical activity.

METHODS
Registration and search strategy

This systematic review and meta-analysis adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021) and was pre-registered
in the International Prospective Register of Systematic Reviews (PROSPERO) with the registra-
tion number CRD42024530594.

In order to find relevant articles, six major databases including PubMed, ScienceDirect,
ProQuest, Web of Science, ERIC, and PsycINFO were searched on April 11th, 2024 for the last
time. The following was our search strategy: (“physical literacy” AND “physical activity OR exer-
cise OR body activity OR body movement”). In some databases, it was more convenient to search
after dividing the search items such as “physical literacy” AND “physical activity”, “physical liter-
acy” AND exercise, “physical literacy” AND “body activity” and “physical literacy” AND “body
movement”. Moreover, reference lists of all included articles were examined for additional papers.

The screening process was conducted using EndNote X9. After removing duplication auto-
matically and manually, two authors (YY and YKX) selected the articles independently
according to the title, abstract, and full text. When there was divergence, the article was sent to
a third author (LJB), and the final consensus was reached after discussion.
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Inclusion/exclusion criteria

This research only comprised studies that (1) reported physical literacy along with physical
activity for the same individuals, as measured by objective instruments or self-reported ques-
tionnaires, and employed physical literacy assessment tools evaluating at least three dimensions
of physical literacy; (2) mentioned the connection relating physical literacy to physical activity;
(3) emphasized physical literacy's influence on physical activity and the direction cannot be
reverse; and (4) were cross-sectional, cohort studies and longitudinal studies, and were publi-
shed in peer-reviewed journals and written in English until the date last searched April
11, 2024.

Studies were excluded if they were books, review articles, meta-analyses, editorials, protocol
papers, workshops, reports, unpublished dissertations, conference abstracts, or systematic
reviews.

Data extraction

In terms of data extraction, two authors (YY and LJIB) collaborated to complete this process
employing Microsoft Excel. A data extraction template was designed, which included authors,
year of publication, sample characteristics (number, age, sex ratio), study design, physical liter-
acy assessments, physical activities assessments, mediator, moderator, covariate, and associa-
tion between physical literacy and physical activity. When multiple effect sizes were reported
within a single study, each was extracted and analyzed independently.

Risk of bias assessment

Similar to Cattuzzo et al. (2016), De Meester et al. (2020), and Burton et al. (2023), the criteria
for assessing the risk of bias about the included articles were adapted from the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement (Von Elm et al.,
2007) and the Consolidated Standards of Reporting Trials (CONSORT) statement (Schulz
et al., 2010). Six criteria (Table 1), which were most significant in our opinion, were used to
evaluate the risk of bias. We scored the situation of meeting the criteria with a different symbol.
A tick (“v”) meant low risk of bias. A cross (“X”) signified a high risk of bias, and a question
mark (“?”) presented an unclear expression. To enhance objectivity in risk bias evaluation, two
authors, YY and LXM, looked through 6 articles independently and then discussed together the
details of the criteria. Afterwards, they completed the process of screening. When there was a
different opinion, they turned to a third author LJB, and reached a consensus after discussion.

Meta - analysis

On the basis of the correlations reported in the included studies, the primary outcome was the
pooled correlation coefficient (effect size) between physical literacy and physical activity. All
correlation coefficients (r) reported were used, such as Pearson's and Spearman’s correlation
coefficients. If there was a regression f coefficient, it was transformed into Pearson's
correlation coefficients according to the following formula: » = § + 0.054 (A =1, when f is
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TABLE 1 Overview of criteria for bias risk evaluation.

Statement

1. Was the study effectively detailed regarding the
methods for selecting participants and the criteria
for their inclusion?

2. Did the study explicitly outlined the physical
literacy
Measurement tools employed?

3. Did the study offered adequate reliability data for
the physical literacy measurement tools utilized?

4. Did the study provide a clear description of the
physical activity measurement tools utilized?

Responses

v The study employed a random sampling approach
for the target group. The criteria for participant
inclusion were explicitly detailed, and/or the authors
provided a clear summary of the participants’
demographic details (at least including age and
gender).

X The study used convenience sampling. Neither the
criteria for participant inclusion nor their
demographic information were provided.

? The criteria for participant inclusion, sampling
method, or demographic information were not
adequately and clearly explained.

v The physical literacy assessment(s) were thoroughly
described, the source was cited, and the measurement
tools' validity about the specific group was explicitly
mentioned, or prior studies confirming their reliability
were cited. For individual measures employed, they
were fully detailed and validated.

X The physical literacy measurement tools were not
described or cited, or the measurement tools' validity
for the specific group was not evidently described, and
no prior validation study was cited. For individual
measures employed, they were not fully detailed and
validated.

? Due to insufficient description, it was unclear about
the validity of the employed measurement tool.

v At least one acceptable reliability statistic was
prominently noted (e.g., Cronbach's alpha > 0.70 or
test-retest reliability ICC > 0.60, as per Brown et al.
[2009]) or the previous reliability of the instrument
was clearly stated and referenced.

X Reliability data were not reported, or at least one
reliability statistic was unacceptable (e.g., Cronbach's
alpha < 0.70 or test-retest reliability ICC < 0.60), or a
single item of a physical literacy assessment was used
to assess reliability, and the previous reliability of the
instrument was not clearly stated or referenced.

? The description was insufficient, making it unclear
whether a reliable measure was used.

v The physical activity assessment(s) were clearly
delineated, sources were cited, and the measurement
tools' validity for the specific group was explicitly
described, or prior studies confirming their reliability
were cited. For individual measures employed, they
were fully detailed and validated.

X The physical activity assessment(s) were not
delineated or cited, or the measurement tools' validity
about a specific group was not clearly described, and
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TABLE 1 (Continued)

Statement Responses

no prior studies confirming their reliability were cited.
Individual measures were not delineated, and
validation data were absent.

? It was unclear whether a valid measure was used
due to an insufficient statement.

5. Did the study supply adequate reliability data for v One or more acceptable reliability statistics were

physical activity measurement tools utilized? clearly indicated (e.g., Cronbach's alpha > 0.70 or
test-retest reliability ICC > 0.60, Brown et al. [2009])
or the previous reliability of the instrument was
clearly stated and referenced.
X Reliability data were not disclosed, or at least one
reliability statistic was not acceptable (e.g., Cronbach's
alpha < 0.70 or test-retest reliability ICC < 0.60), or a
single-item physical activity assessment was used to
gauge reliability, and the previous reliability of the
instrument was not clearly stated or referenced.
? The description was insufficient, making it unclear
whether a reliable measure was used.

6. Among study volunteers, was a sufficient v The data presented in the article indicated that a

percentage able to provide full data about physical ~ minimum of 80% of participants in cross-sectional

literacy and physical activity measurement tools? studies and 70% in longitudinal studies finished all
assessments.

X The data presented in the article indicated that less
than 80% of participants in cross-sectional studies, and
less than 70% in longitudinal studies, finished all
assessments.

? Insufficient detail makes it ambiguous to determine
the completion rate among all participants

Note: ICC intraclass correlation coefficient, v indicates a low risk of bias, X indicates a high risk of bias, ? indicates unclear
expression.

positive, and 0, when f is negative) (Peterson & Brown, 2005). Afterward, the entire set of
values underwent conversion via Fisher's z-transformation to achieve a near-normal distribu-
tion. Following this, they were inversely transformed from Fisher's z-scores back into Pearson's
r values, thereby enhancing the interpretability of the effect size (r). We performed all the rele-
vant computations and analyses of meta-analysis utilizing Comprehensive Meta-Analysis
(CMA, Version 3.0).

The strength regarding physical literacy with physical activity was examined by random-
effects meta-analyses. Moreover, the heterogeneity test was used to examine whether the aver-
age effect size was heterogeneous and significant. P-values less than 0.05 were deemed statisti-
cally significant. Heterogeneity was assessed using Cochrane's Q and I statistics, with I values
exceeding 50% and 75% signifying moderate and high heterogeneity, separately (Higgins
et al., 2003; Higgins & Thompson, 2002).

Sensitivity analysis was conducted to examine the stability of the combined effect size. Spe-
cifically, each study was excluded one by one, and the combined effect size of the remaining
studies was compared with the overall effect size to determine the effect size of each included
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study on the overall result. The funnel plot, Egger's regression, and Rosenthal's Fail-safe N were
used to evaluate the publication bias of the included studies.

For the purpose of finding the source of high heterogeneity, we conducted subgroup analy-
sis and meta-regression analysis for the potential moderators between physical literacy and
physical activity.

RESULTS
Description of studies and overall association

The search of six databases (PubMed, ScienceDirect, ProQuest, Web of Science, ERIC, Psy-
cINFO) and citation searching contributed to 2,161 potentially relevant articles in total (after
the removal of duplicates). Following the screening of abstracts and titles, 73 full-text articles
were obtained and examined. Finally, 26 articles satisfied the inclusion criteria and were incor-
porated into this review. Figure 1 depicts the flow diagram of articles during the screening pro-
cedure along with the exclusion rationale. The data extraction of the included studies was
detailed in the “Overview of Included Studies” table in the supplementary material.

There were 44 effect sizes, which were generated by 26 eligible studies. Because 12 studies
were composed of multiple datasets. We examined the correlation regarding physical literacy
with physical activity. Figure 2 shows that under the random effects model, the correlation coef-
ficient r (x = 44) of the relationship between them was 0.369 (95% CI: 0.203, 0.514; Z = 4.183,
p <0.001). According to Cohen (1988), 0.30 <r < 0.50 indicated a moderate positive
correlation.

Overview of study risk of bias

Table 2 displays an overview of the study risk of bias. Three studies satisfied six criteria
(Choi et al., 2018; Gandrieau et al., 2023; Ma et al., 2020). Eight studies met five criteria (Bremer
et al., 2019; Li, Sum, et al., 2021; McKay et al., 2023; Melby et al., 2022; Ortega-Benavent
et al.,, 2024; She et al., 2023; Yan et al.,, 2023; Zhang et al., 2022). Six studies conformed to
four criteria (Blain et al.,, 2021; Yan et al.,, 2022; Choi et al.,, 2023; Nezondet, Gandrieau,
Bourrelier, et al., 2023; Oztiirk et al., 2023; Wang et al., 2023). Seven studies (Brandelli et al., 2022;
Coyne et al., 2019; Dong et al., 2023; Kesic et al., 2022; Li, Wang, et al., 2021; Melby et al., 2023;
Tang et al., 2023) conformed with three criteria, and only one study (Farren et al., 2021) cor-
responded with two criteria. No study met only one criterion. Among these criteria, all
included studies met the second criterion (100%). As for the least satisfied criterion, the first crite-
rion accounted for 46%. The majority of the articles (65%) met four or more of the established
criteria.

Heterogeneity test
The heterogeneity test (x = 44) indicated Q = 11968.270 (p < 0.001), IF = 99.641. According to

Higgins et al. (2003), there existed high heterogeneity. This high heterogeneity could stem from
several factors, including differences in sample demographics, such as age (range: 7.8-68.2 years)
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Study name Statistics for each study Correlation and 95%Cl
Lower  Upper

Correlation  limit limit  ZValue p-Value
Blain et al.(2021) 0430 0305 0540 623  0.000 —t
Brandelli et al.(2022), LPA 0320 -008 0635 155 0120 }
Brandelli et al.(2022), MVPA 0170 0241 0530 0805 0421 }
Brandelli et al.(2022), TPA 0320 -008 0635 15% 0120 }
Bremer et al.(2019) 0360 018 0513 389  0.000 !
Choi et al.(2018) female 0198 0135 0259 6066  0.000 -+
Choi et al.(2018),male 0234 0175 0201 7633  0.000
Choi et al.(2018) total 0227 018 0269 10181  0.000
Choi et al.(2023) 0340 0381 0208 -14749  0.000 +
Coyne et al.(2019) 0226 0168 0282 7473  0.000 -+
Dong et al.(2023) 09% 09% 099% 116477  0.000
Farren et al. (2021),1 0600 0533 0659 13811  0.000
Farren et al.(2021).2 059 052 0650 13502  0.000
Gandrieau et al.(2023), MPA 0220 0143 0294 5510  0.000 o
Gandrieau et al.(2023),LPA 0188 0110 0263 4688 0000 -+
Gandrieau et al.(2023), Total 0344 0272 0412 883%  0.000
Gandrieau et al (2023),VPA 032 0250 03%2 8253  0.000
Kesic et al.(2022),boys 0430 0217 0604 3764  0.000 -
Kesic et al.(2022),girls 0510 03% 0612 7423  0.000 ——
Li et al. (2021b)LPA 0060 -0008 0127 1742 0081 am
Li et al. (2021b)MVPA 0410 0352 0465 12633  0.000 =+
Li et al.(2021a),APL 0440 0348 0524 8461  0.000 -+t
Li et al.(2021a),PPL 0100 -0009 0207 1798 0072 =
Ma et al.(2020) 0350 0273 042 8437  0.000
Ma et al.(2020) female 0346 0257 0429 7209  0.000
Ma et al.(2020),male 0467 0323 050 5794  0.000 ——
McKay et al.(2023) 0330 0190 0457 4457  0.000 e
Melby et al.(2022) 0293 0210 0372 6641 0000 e
Melby et al.(2023),boys 0260 0191 0326 7219 0000 -+
Melby et al.(2023),girls 0330 0266 0391 955  0.000 -}
Melby et al.(2023) total 0290 0243 033 11621  0.000 +
Nezondet et al.(2023a) 0380 0182 0549 3623  0.000 —l— o
Nezondet et al.(2023b),TO 03% -0274 0802 1165 0244 }
Nezondet et al.(2023b),T1 0760 0294 0934 2818  0.005 ———
Ortega-Benavent et al.(2024) 0458 0347 0556  7.322  0.000 —t
Otk et al.(2023) 0330 0255 0401 8149 0000 s
She et al.(2023) 0360 0336 0383 27.128  0.000 +
Tang et al.(2023) 0270 0153 0380 4421  0.000 ——
Wang et al. (2022) 0380 0291 0462  7.850  0.000 —t—
Yan et al.(2022) LPA 0141 0106 0176 7766  0.000 +
Yan et l.(2022), MVPA 0316 0283 0348 17.900  0.000 +
Yan et al.(2023) 0195 0152 0237 878  0.000 +
Zhang et al.(2022),female 0110 0013 0205 2223 0026
Zhang et al.(2022) male 0110 001 0207 2173  0.030

0369 0203 0514 418  0.000 -~
-1.00 0.50 0.00 0.50 1.00

Negative Correlation Positive Correlation

FIGURE 2 Forest plots showing the pooled correlation coefficients between physical literacy and physical
activity (r + 95% confidence interval [CI]); note: LPA: light physical activity; MVPA: moderate-to- vigorous
physical activity; TPA: total physical activity; VPA: vigorous physical activity; APL: actual physical literacy; PPL:
perceived physical literacy.

and sample size (range: 11-5,184), and, in certain cases, the stratification of participants by sex.
Furthermore, the variations in the measurement tools used for physical literacy and physical
activity, the different focus on physical activity intensity (LPA, MVPA), and cultural background
differences among the studies may have also played a role. If there was a non-ignorable heteroge-
neity or a big difference across the studies, it is more reasonable to apply a random effect model
(Borenstein et al., 2021; Huedo-Medina et al., 2006). To explore the potential reasons of high het-
erogeneity, we conducted subgroup analysis and meta-regression analysis.

Sensitivity analysis and publication bias

We conducted a sensitivity analysis to inspect the stability of the combined effect size. After
removing studies one by one, the connection relating physical literacy to physical activity
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TABLE 2 Risk of bias assessment overview.

Reference

Blain et al. (2021)
Brandelli et al. (2022)
Bremer et al. (2019)
Choi et al. (2018)

Choi et al. (2023)
Coyne et al. (2019)
Dong et al. (2023)
Farren et al. (2021)
Gandrieau et al. (2023)
Kesic et al. (2022)

Li, Sum, et al. (2021a)
Li, Wang, et al. (2021b)
Ma et al. (2020)
McKay et al. (2023)
Melby et al. (2023)
Melby et al. (2022)

Nezondet, Gandrieau, Bourrelier, et al. (2023)

Nezondet, Gandrieau, Nguyen, and Zunquin

(2023)

Ortega-Benavent et al. (2024)

Oztiirk et al. (2023)
She et al. (2023)
Tang et al. (2023)
Wang et al. (2023)
Yan et al. (2023)
Yan et al. (2022)
Zhang et al. (2022)
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remained positive and moderate, indicating that there were no abnormal studies to eliminate.
Funnel plots, Egger's test, and Rosenthal's Fail-safe N were employed to identify potential publi-

cation bias. High funnel symmetry indicated low publication bias, while low funnel symmetry

suggested possible publication bias. As shown in Figure 3, there was a slight asymmetry at the
top of the funnel plot. Since the interpretation of the funnel plot was of high subjectivity,

the publication bias was also checked using Egger's test (Egger et al., 1997). The outcome of

Egger's test was that ¢ (44) = 0.056, p = 0.956. No statistically significant showed that there was
less likelihood of publication bias. According to Rosenthal (1986), Rosenthal Fail-safe N is
greater than 5 k + 10 (k is the number of included studies) indicating that the possibility of pub-
lication bias is small. The result was N g = 1,566 > 5 k 4 10 (k = 44). In conclusion, there
existed tiny possibility of publication bias risk in our study.
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Subgroup analysis

For the purpose of finding the origins of high heterogeneity, subgroup analyses were conducted
including gender, physical activity intensity, physical literacy assessments as well as physical
activity assessments. As shown in Table 3, the results revealed that physical activity intensity
significantly moderated the connection regarding physical literacy with physical activity
(Q =11.608, p < 0.05). Meanwhile, the subgroup analysis results of physical activity assess-
ments showed that the Q test reached a significant level (Q = 9.523, p < 0.05), indicating the
existence of moderating effects for the selection of physical activity assessments. However, as
for gender and the selection of physical literacy assessments, the results were Q = 0.990,
p > 0.05; and Q = 0.159, p > 0.05, respectively, suggesting that the two variables did not play a
moderating role in the connection relating physical literacy to physical activity. Since some
included articles treated gender as a covariate, this potentially influenced the results for gender.
After excluding the articles that used gender as a covariate, we conducted a new subgroup anal-
ysis, and the moderating role of gender remained non-significant (Q = 0.840, p > 0.05).

To further investigate the impact of physical literacy assessments and physical activity
assessments, we categorized the measurement tools according to their types. As shown in
Table 4, neither the types of physical literacy assessments (Q = 0.777, p > 0.05) nor the types of
physical activity assessments (Q = 0.715, p > 0.05) significantly moderated the relationship
between physical literacy and physical activity.

Meta-regression analysis

Meta-regression analysis was used to test whether the mean age and sample size had a signifi-
cant impact on the connection regarding physical literacy with physical activity. In Table 5, the
moderating effects of mean age (Beta = 0.0028, p > 0.05) and sample size (Beta = 0, p > 0.05)
were not significant, indicating that they did not play a moderating role in the connection
regarding physical literacy with physical activity. Given that some included articles utilized age
as a covariate, which might have influenced the age-related results, articles using age as a

Funnel Plot of Standard Error by Fisher's Z
0.0
0.1

0.2

Standard Error

0.3
0.4

-3 -2 -1 0 1 2 3

Fisher's Z

FIGURE 3 Funnel plot of all the effect size (x = 44).
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TABLE 3 The results of the subgroup analysis.
Effect size and 95%
interval Heterogeneity
Moderator Subgroup X r Lower Upper Q Df(Q) P
Gender
Blank 34 0.388 0.183 0.560
Female 5 0.297 0.184 0.403
Male 5 0.276  0.179 0.368
Total between 0.990  2.000 0.609
Physical activity intensity
Blank 26 0428 0.157 0.639
LPA 4 0.133  0.072 0.193
MVPA 14 0.264 0.201 0.325
Total between 11.608 2.000 0.003
Physical literacy assessments
Blank 14 0.385 0.311 0.455
PLAYself 6 0.398  0.302 0.486
PPLI 24 0.348  0.089 0.564
Total between 0.159  2.000 0.924
Physical activity assessments
Accelerometer 9 0.299  0.186 0.405
Blank 14 0.347 0.281 0.410
IPAQ-LV 3 0.366  0.307 0.422
IPAQ-SF 15 0.372 —0.004  0.655
PAQ-A 3 0.474  0.400 0.542
Total between 9.523  4.000 0.049

Note. X: number of effect sizes; Blank: lack of relevant data; LPA: light physical activity; MVPA: moderate-to vigorous physical
activity; PLAYself: physical literacy assessment for youth; PPLI: perceived physical literacy instrument; IPAQ-LV: international
physical activity long version; IPAQ-SF: international physical activity questionnaire short form; PAQ-A: physical activity
questionnaire for adolescents.

covariate were excluded. A new meta-regression analysis was then performed, showing that the
moderating role of age was still non-significant (Beta = 0.0025, p > 0.05).

DISCUSSION
Overview of findings
The first purpose of our research was to outline the strength of correlation involving physical

literacy along physical activity. Generally, in our study, the r value of the two variables was
0.369, which indicated that there was a positive and moderate correlation between physical
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TABLE 4 The results of the further subgroup analysis of assessment tools.

Effect size and 95%
interval Heterogeneity
Moderator Subgroup X r Lower Upper Q Df(Q) P
Physical literacy assessments
Blank 1 0.360 0.185 0.513
Combined 9 0.432 0.303 0.544
Self-reported 34 0.346  0.144 0.520
Total between 0.777  2.000 0.678
Physical activity assessments
Objective 11 0.289 0.208 0.367
Self-reported 33  0.379 0.180 0.547
Total between 0.715 1.000 0.398

Note: X: number of effect sizes; Blank: lack of relevant data. Combined: a mix of self-reported and objective measures.

TABLE 5 The results of the meta-regression analysis.

Moderator X Beta Standard error 95%CI VA P
Mean age 27 0.0028 0.0128 (—0.0223,0.0279) 0.2200 0.8263
Sample size 44 0.0000 0.0001 (—0.0002,0.0002) —0.0800 0.9394

Note. X, number of effect sizes.

literacy and physical activity. Drawing from comprehensive effect size data of existing studies,
this finding provided theoretical support for physical literacy as a possible contributor to physi-
cal activity, offering a novel strategy to address the global crisis of physical inactivity (Edwards
et al.,, 2017; Yan et al., 2023). Furthermore, physical literacy, a multi-dimensional concept,
encompasses both physical abilities and the motivation, confidence, and other internal factors
essential for physical activity participation (International Physical Literacy Association, 2017).
Education departments worldwide should reform traditional physical education teaching
methods, which are confined to the cultivation of physical abilities alone, to prioritize fostering
physical literacy among children and adolescents, thereby fostering their habits and compre-
hensive abilities for lifelong physical activity engagement. Regular physical activity participa-
tion is conducive to physical and mental health, and reduces the risks of illness and mortality
(Biddle et al., 2019; Warburton & Bredin, 2017).

Our study also aimed to examine whether there exist potential moderators (i.e., gender, age,
physical activity intensity, physical literacy assessments, physical activity assessments, and sam-
ple size) for the connection relating physical literacy to physical activity. First, inconsistent with
the previous study (Cairney, Clark, et al., 2018), in our systematic review and meta-analysis,
gender wasn't a significant moderator for the correlation relating physical literacy to physical
activity. Although the effect size for females was a little higher than that for males, the differ-
ence wasn't significant. It was worth pointing out that of the 26 studies included, six regarded
gender as a covariate, which might weaken the effect of gender in the analyzed data (Bremer
et al., 2019; Li, Sum, et al., 2021; Melby et al., 2022; Yan et al., 2022; She et al., 2023; Tang

85UB017 SUOWILIOD BAIER1D) 3|edldde 3y} Aq peusenob aJe s3plie VO ‘SN JO S3|n1 Joj Al 78UIIUO /|1 UO (SUORIPUD-PUE-SWLBIL0D A | 1M AReaq1 U UO//SENY) SUORIPUOD PUe SWiS 1| 8U3 39S *[9202/20/60] U0 A%iq178UIIUO A8|IM 'S80IN0Say 04| AreidiT Ag 2900, MUde/TTTT'OT/I0p/LI00 A8 1M ArIq U1 IUO'S euIno -dee//sdny WOy papeojumod ‘Y ‘G202 ‘7S8085LT



THE RELATIONSHIP BETWEEN PHYSICAL LITERACY AND PHYSICAL Health HEE! 15 of 24
Well-Being \

ACTIVITY: A SYSTEMATIC REVIEW AND META-ANALYSIS

et al., 2023). Therefore, we conducted a new subgroup analysis excluding studies that used gen-
der as a covariate. However, irrespective of whether articles using gender as a covariate were
excluded, both subgroup analyses revealed no significant moderating effect of gender. More-
over, for some physical literacy assessments, gender differences were already taken into account
in the questionnaire design. For instance, the Physical Literacy in Children Questionnaire
(PL-C Quest) was carefully designed to include a diverse range of activities that boys and girls
play, such as skateboarding and skipping rope, to minimize potential gender-related biases.
Additionally, the central figure in each image was crafted to be gender-neutral, ensuring the
scale's applicability to children of any gender identity (Barnett, Mazzoli, Hawkins, et al., 2022).
Meanwhile, in the physical domain, the CAPL-2 employed different scoring criteria for the two
genders taking the same test. If a girl and a boy aged 10 held the plank for the same duration of
25 seconds, the girl's physical literacy was categorized as being in the beginning stage, while the
boy's was in the progressing stage (Longmuir et al., 2018). Moreover, the limited availability of
correlation coefficients (r values) for both sexes in the included studies might also have had an
impact. In our 26 included studies, only 5 provided detailed r values for both genders. The lack
of abundant data on different genders might also be a possible reason for this insignificant
result.

Second, it was reported in our study that age did not play a moderating role in the relation-
ship regarding physical literacy with physical activity. It should be noted that with a wide range
of ages in each included article, age was just calculated as the mean age in the meta-regression
analysis. As such, potential age-related influences were carefully balanced and standardized
across the respective studies. Similarly, in our systematic review and meta-analysis, more than
a quarter of the included articles considered age as a control variable, further reducing the
impact of age. Hence, we conducted a new meta-regression analysis after excluding studies that
controlled for age. Two meta-regression analyses consistently showed that the moderating role
of age between physical literacy and physical activity was non-significant, regardless of whether
articles using age as a covariate were included or excluded. Besides, to truly clear whether age
was the moderator between physical literacy and physical activity, it was necessary to focus on
the longitudinal cohort studies. However, there were three longitudinal and cohort studies in
our included studies, only one study showed a connection involving physical literacy with phys-
ical activity at two different time points (Nezondet, Gandrieau, Bourrelier, et al., 2023). The
other articles just reported baseline data about the link regarding physical literacy with physical
activity.

Third, regarding physical activity intensity, it significantly moderated the link connecting
physical literacy to physical activity in our study. Physical literacy was more closely related to
moderate-vigorous physical activity (MVPA) compared to light physical activity (LPA).
According to Huang et al. (2022), changes in MVPA of primary school students were positively
correlated with cardiopulmonary function. Moreover, replacing LPA and sedentary behavior
with MVPA aided in cardiopulmonary enhancement and endurance. Cardiopulmonary
enhancement and endurance were important reflections of personal physical ability. The Cana-
dian Physical Activity Guidelines also recommended replacing sedentary behavior and LPA
with additional MVPA, as this is the best intensity to promote good health (Garcia-Hermoso
et al., 2017; Tremblay et al., 2011). Similarly, according to other researches, individuals who
possessed motivation for engaging in physical activity and confidence in their physical abilities
tended to be more active and sustain higher levels of MVPA throughout their lives (Belanger
et al., 2018; Tremblay, 2010). Physical ability, motivation, and confidence were three important
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components of physical literacy. As such, it was not surprising that moderate-vigorous physical
activity was more strongly associated with physical literacy.

Fourth, our study showed that the selection of physical literacy assessments did not play a
significantly moderating role in the connection regarding physical literacy with physical activ-
ity. To ensure sufficient power and validity, subgroup analysis generally necessitates that each
categorical subcategory include a minimum of three studies (van Eldik et al., 2020). Unfortu-
nately, the number of certain assessment tool articles included in this study, such as the PL-C
Quest and the CAPL-2, was insufficient to support further analysis. The data from the measure-
ment tools used in the subgroup analysis, namely the Perceived Physical Literacy Instrument
(PPLI) and PLAYself—both self-evaluation tools—lacked comparison with mixed measurement
tools. Consistent with the International Physical Literacy Association's (IPLA) definition of
physical literacy, both assessment tools (PPLI and PLAYself) emphasize the ability to commu-
nicate with the environment via physical activity (PA), as well as self-confidence and knowl-
edge regarding PA. With good internal consistency and convergent validity (Jefferies
et al., 2021; Ma et al., 2020), they have been proven to be reliable and valid assessments. As for
Li, Sum, et al. (2021), they reported that the correlation relating physical literacy to physical
activity was different when they employed different physical literacy assessments (PPLI and
CAPL-2). The PPLI comprises three sub-scales: Sense of Self and Self-Confidence, Self-
Expression and Communication with Others, and Knowledge and Understanding (Sum
et al., 2016). The CAPL-2, measures physical literacy across four domains (Daily Behavior,
Physical Competence, Knowledge and Understanding, and Motivation and Confidence), with
objective measures in the Physical Competence domain including the Progressive Aerobic Car-
diovascular Endurance Run (PACER), Plank Assessment, and the Canadian Agility and Move-
ment Skill Assessment (CAMSA) (Longmuir et al.,, 2018). Similarly, the Daily Behavior
dimension of the CAPL-2 also includes objectively measured step counts. However, such objec-
tive measurements are absent from the PPLI measurement tools. We speculated that the type of
measurement—self-reported versus a mix of self-reported and objective measures—might con-
tribute to the observed inconsistencies in the significance of the r value in the connection
regarding physical literacy with physical activity. Therefore, we classified physical literacy
assessments of our included studies into two major categories: self-reported and combined
types, and performed subsequent subgroup analyses. However, the result was non-significant.
This may be because the self-reported questionnaires had undergone rigorous reliability and
validity testing, or it could be attributed to the substantial difference in the number of assess-
ments between the combined and self-reported categories. Future research is encouraged to uti-
lize multiple types of physical literacy assessments. This approach will allow for a more
comprehensive exploration of how different measurement types impact the observed connec-
tion regarding physical literacy with physical activity.

Fifth, contrary to the selection of physical literacy assessments, the selection of physical activ-
ity assessments indeed moderated the association relating physical literacy to physical activity in
our study. The physical activity assessments calculated in the subgroup analyses were as follows:
IPAQ-LV (International Physical Activity Questionnaire Long Version), IPAQ-SF (International
Physical Activity Questionnaire Short Form), PAQ-A (Physical Activity Questionnaire for Adoles-
cents), and accelerometer. As we can see, there were both self-reported assessments and objective
measurements. Among them, when the accelerometer was used as a physical activity measure-
ment tool, the r value of the link regarding physical literacy with physical activity was the lowest.
Triaxial accelerometers have been widely employed for monitoring physical activity of diverse
populations and have shown high reliability and validity, although the sampling interval, wearing
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position, and calculation method of the accelerometers might cause errors, which might affect the
accuracy of the measurement results of physical activity (Xie et al., 2018). In our included articles,
there were differences in sampling interval (e.g., 15 seconds, 30 Hz or 50 Hz), wearing position
(e.g., waist, hip, wrist), and calculation method (MVPA: 2296 cpm; MPA: 4822 cpm, VPA:
9143 cpm) of the accelerometers. Compared to fixed questions and score criteria of the self-
reported assessments, we suggested that the differences in the sampling interval, wearing posi-
tion, and calculation method of the accelerometers across the included studies would be a possi-
ble reason for the lowest r value. Among self-reported assessments, employing the long or short
forms of the IPAQ to measure physical activity, the correlation coefficients (r values) between
physical literacy and activity showed tiny variation, with a slight increase observed when the
shorter version was utilized. The long version of the IPAQ questionnaire covered five environ-
mental areas: work, transportation, housework, leisure time, and sedentary behavior, while the
short questionnaire included the frequency and duration of sitting and three types of physical
activity (walking, MPA, and VPA) (Booth, 2000; Craig et al., 2003). This might be due to the fact
that the samples in the included articles were college students, and some housework and work-
related items in the long version were not suitable for college students' life, while the short version
deleted these items and summarized them with moderate and vigorous physical activity. The con-
nection uniting physical literacy with physical activity was strongest when the PAQ-A question-
naire was used. The reason might be that in the included articles, the PAQ questionnaire used a
sample of middle and high school students to measure their physical activity levels during PE
class, lunch, recess, after school, evenings, and weekends (Kesic et al., 2022; Kowalski et al., 2004;
Ortega-Benavent et al., 2024). Multiple specific scenarios aligned better with students’ real-life
experiences, while the short version IPAQ was more general and lacked specific context settings,
making it prone to recall bias. Additionally, we classified the physical activity assessments into
two categories: self-reported and objective measurement types, and conducted further subgroup
analyses. However, the moderating effect of the type of physical activity assessment was non-
significant. This lack of significance might stem from the fact that the self-report instruments have
undergone extensive reliability and validity testing and have been widely administered over
extended periods, potentially resulting in minimal differences between the self-reported and
objective measurement tools.

Finally, the moderating effect of sample size was not significant in our study, indicating that
the link regarding physical literacy with physical activity was stable across different sample
sizes. It is often thought that a sample size > 30 is conducive to the realization of the Central
Limit Theorem (Ross, 2017), meaning the distribution of the sample means approximates nor-
mality. The majority of samples in our included articles exceeded 30, which might be a possible
reason for the insignificant moderating effect result.

Summary of risk of bias in included studies

There were possibly some risks of bias in our included studies, since only three studies met all six
criteria. The highest adherence (100%) was the second criterion, which concerned specific mea-
sures or validity of physical literacy assessments. This demonstrated the current existence of some
valid physical literacy assessments and showed a good example for future research. As for the
lowest adherence (criterion 1), more than half of the included articles did not specify the sampling
approach, participant eligibility criteria, or provided comprehensive demographic data of the par-
ticipants such as age, gender and so on. To better improve articles’ quality and reduce the possible
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risk of bias for future meta-analysis, this result reminds authors of the necessity of providing
detailed information about the methods for selecting participants and the participant's demo-
graphic description. With regard to the three articles that all satisfied the criteria, they set a good
example for later research (Choi et al., 2018; Gandrieau et al., 2023; Ma et al., 2020).

Directions for future research

This systematic review and meta-analysis provide useful insights and guidance for future stud-
ies, as outlined below. First, to better understand whether age plays a moderating role in the
connection relating physical literacy to physical activity, future research should conduct more
longitudinal studies. Second, although the average age across the included studies ranged from
7.8 to 22.1 years, only one study included older adults (mean age = 68.2 years), highlighting a
notable lack of middle-aged and older adult participants. Future research are supposed to focus
on the connection regarding physical literacy with physical activity among adults of middle and
older ages. Third, to fully understand how different physical literacy assessments and physical
activity assessments affect the relationship, it is advisable to use different assessment tools on
the same sample. Especially for physical literacy measurement, consider self-reported question-
naires and assessments that combine subjective and objective measurement. For physical activ-
ity tools, pedometers, accelerometers, and physical activity questionnaires should be selected to
explore differences in measuring effects between subjective and objective methods. Fourth,
future research is prompted to take gender differences into account when investigating the link
involving physical literacy along with physical activity. Investigating this association within
gender-specific groups will contribute to a more nuanced understanding of this relationship
and potentially inform more targeted interventions. Fifth, given the limited number of included
studies focusing on the relationship between physical literacy sub-dimensions and physical
activity, this study examined the overall connection. Future research could be more detailed,
exploring the association between each physical literacy dimension and physical activity. This
will facilitate the precise measurement of each dimension's impact and provide a basis for for-
mulating more tailored physical activity interventions. Sixth, future research is invited in inves-
tigating the connection relating physical literacy to different intensities of physical activity,
specifically examining how an individual's physical literacy level affects their time allocation
and participation patterns across activities of varying intensities. Additionally, longitudinal
designs are recommended to track the dynamic interplay of mutual promotion or inhibition
between physical literacy and participation in specific intensity activities over time.

Strengths and limitations

This study was relatively original and comprehensive, since we not only explored the correla-
tion and the degree of correlation between physical literacy and physical activity, but also exam-
ined six potential moderators between the two variables. Besides, there was no publication year
limit; we searched as many possible studies as we could until the latest search on April
11, 2024. In addition, we followed PRISMA guidelines (Page et al., 2021), searched multiple
databases, developed strict inclusion criteria, and used multiple screeners to improve the objec-
tivity of included articles.
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When it came to limitations, our study only involved English articles. There was a lack of
non-English studies. Moreover, the majority of studies paid attention to the samples of children,
adolescents, and college students, so that there was a dearth of other age groups. Furthermore,
as for moderators such as gender, physical activity intensity, physical literacy assessments, and
physical activity assessments, only a few included articles provided complete information.
Therefore, our data in the subgroup analyses were quite limited. Besides, the most included
studies used a cross-sectional approach, with a relative paucity of longitudinal studies, making
it hard to determine causal relationships or dynamic changes.

CONCLUSION

There was a positive and moderate correlation between physical literacy and physical activity,
with physical activity intensity and the selection of physical activity assessments serving as
moderators in this relationship. As for gender, the selection of physical literacy assessments,
mean age, and sample size, their moderating role wasn't significant. Future research should
consider these potential moderators when evaluating the connection regarding physical literacy
with physical activity. When developing strategies for physical literacy to promote physical
activity, the role of moderators should not be overlooked. More longitudinal studies are encour-
aged to better clarify the dynamic change of the connection relating physical literacy to physical
activity over time.
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