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Abstract

Background: The associations between cardiorespiratory fitness (CRF) and physical literacy in children are largely
unknown. The aim of this study was to assess the relationships between CRF, measured using the 20-m shuttle run
test (20mSRT), and components of physical literacy among Canadian children aged 8-12 years.

Methods: A total of 9393 (49.9% girls) children, with a mean (SD) age of 10.1 (+1.2) years, from a cross-sectional
surveillance study were included for this analysis. The SRT was evaluated using a standardized 15 m or 20 m
protocol. All 15 m SRTs were converted to 20mSRT values using a standardized formula. The four domains of
physical literacy (Physical Competence, Daily Behaviour, Motivation and Confidence, and Knowledge and
Understanding) were measured using the Canadian Assessment of Physical Literacy. Tertiles were identified for
20mSRT laps, representing low, medium, and high CRF for each age and gender group. Cohen'’s d was used to
calculate the effect size between the low and high CRF groups.

Results: CRF was strongly and favourably associated with all components of physical literacy among school-aged
Canadian children. The effect size between low and high CRF tertile groups was large for the Physical Competence
domain (Cohen’s d range: 1.11-1.94) across age and gender groups, followed by moderate to large effect sizes for
Motivation and Confidence (Cohen’s d range: 0.54-1.18), small to moderate effect sizes for Daily Behaviour (Cohen's
d range: 0.25-0.81), and marginal to moderate effect sizes for Knowledge and Understanding (Cohen'’s d range: 0.
08-0.70).

Conclusions: This study identified strong favourable associations between CRF and physical literacy and its
constituent components in children aged 8-12 years. Future research should investigate the sensitivity and
specificity of the 20mSRT in screening those with low physical literacy levels.
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Background

Physical literacy (PL) has emerged as a core construct in
the physical education paradigm, designed to support chil-
dren’s engagement in physical activity throughout the life
course [1, 2]. To better understand the state of PL among
Canadian children, an 11-site cross-sectional surveillance
study called the Royal Bank of Canada—Canadian Assess-
ment of Physical Literacy Learn to Play project (RBC—
CAPL) was conducted. The validated CAPL instrument
was specifically chosen to measure each of the four do-
mains that describe PL (i.e., Physical Competence, Daily
Behaviour, Motivation and Confidence, and Knowledge
and Understanding) [3, 4]. The CAPL can be used as a
surveillance tool to understand children’s overall PL levels
and to identify the PL domains that may require targeted
interventions. However, emerging issues with utilizing the
CAPL in school-based settings include the amount of time
required to assess large groups of children (approximately
90 min with five appraisers to test 25 children), and the
fact that teachers may not have the expertise or available
resources to conduct a full CAPL assessment.

The 20-m shuttle run test (20mSRT) [5, 6], a reliable
and valid assessment of cardiorespiratory fitness (CRF)
among children [7, 8], is a measure that informs the
Physical Competence domain of the CAPL. The
20mSRT lends itself well to population-based surveil-
lance because it is easy to administer, requires minimal
equipment, and can be used to assess large groups of
children simultaneously [9]. Furthermore, several studies
have identified favourable associations between 20mSRT
performance and aspects of PL among children and
youth, including physical fitness [10], daily physical ac-
tivity [11], cognitive ability [12, 13], and psychosocial
health [14, 15].

To our knowledge, until now no study has assessed
the associations between CRF and overall/domain-speci-
fic PL among children. Specifically, assessing the rela-
tionship between CRF and the four domains of PL could
provide further insight into the importance of CREF, as
well as potential strategies for PL screening [2]. The
RBC-CAPL provides an opportunity to assess these asso-
ciations in a large sample of Canadian children, and to
quantify the extent to which CRF relates to various com-
ponents of PL.

The main objective of this study was to evaluate the as-
sociations between 20mSRT performance (i.e.,, CRF) and
each component of PL assessed using the CAPL in a large
sample of Canadian school-aged children (8—12 years).

Methods

Study design

The RBC-CAPL was a cross-sectional surveillance study
that took place between 2014 and 2016, and was designed
to evaluate the PL levels of Canadian children using a
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standardized data collection protocol. The study design
included 11 data collection sites from seven Canadian
provinces: Victoria, British Columbia; Lethbridge, Alberta;
Calgary, Alberta; Winnipeg, Manitoba; North Bay, On-
tario; Windsor, Ontario; Ottawa, Ontario; Trois-Rivieres,
Québec; Halifax, Nova Scotia; Antigonish, Nova Scotia;
and Charlottetown, Prince Edward Island. The aim was to
recruit up to 1300 participants per site over a 3-year data
collection period. Each site was also tasked with recruiting
an appropriate geographic mix of participants (minimum
of 50% of the sample from urban locations and minimum
of 20% from rural locations), while attempting to recruit a
balance of participants across socio-economic strata. Eth-
ics approval for this project was originally obtained from
the Children’s Hospital of Eastern Ontario Research Ethics
Board (Ottawa, Ontario; coordinating centre). Each site
subsequently obtained approval from their respective re-
search ethics board. Consent and ethics approval were
also obtained from all participating school boards, sum-
mer camps, community centres, and/or sport leagues.
Written informed consent was obtained from parents or
legal guardians, and participating children provided verbal
assent.

Participants
Participant recruitment locations were selected across all
sites using purposive, non-randomized sampling. Elemen-
tary schools across all sites were the primary participant
recruitment locations, while summer camps, community
centres, and sport leagues were the secondary participant
recruitment locations. Participants were considered eli-
gible for this study if they were between the ages of 8.0
and 12.9 years (grades 4—6) and if they were able to par-
ticipate in maximal effort exercise (i.e., high-intensity ex-
ercise). All eligible participants were invited to participate
in this study, and potential participants were able to opt
out at any time and for any reason, without consequence.
Of the 10,030 participants who took part in
RBC-CAPL, a total of 9393 remained in the present ana-
lysis after participants without a 20mSRT score (1 = 637)
were excluded. Body mass index across age and gender
groups of those excluded from the analysis did not differ
significantly (range of p values: 0.13—-0.84) from those in-
cluded in the present analysis. Physical activity levels
were significantly lower (p < 0.006) for 8-year-olds who
were excluded from the analysis (7 = 30) due to missing
data, but there were no differences (range of p values:
0.07-0.49) for children aged 9-12 years. Among girls,
the included sample had a high percentage of healthy
CRF levels (mean percentage: 98.4[+0.2]), but these
percentages were much lower among boys (mean per-
centage: 64.3[+0.7]) when using the interim inter-
national CRF standards proposed by Ruiz et al. (see
Additional file 1) [16, 17].
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Data collection procedures

All data collection staff had a background in fitness or
physical activity assessment, and each site’s coordinators
were subsequently trained by research staff from the co-
ordinating centre (Ottawa, Ontario). Data collection pro-
cedures followed the published CAPL protocol [3, 4],
which provides standardized procedures to collect data
across the four PL. domain.

Independent variable

CRF was assessed using the 15 m or 20mSRT proto-
cols [5, 6]. The 15 m protocol was used only if there
was not enough space to carry out the full 20 m
protocol. All children were asked to run back and
forth between two parallel lines, 15 m or 20 m apart,
following the pace of an audio signal that began at a
speed of 8.5 km/h and increased by 0.5 km/h at every
1-min interval. Participants were encouraged at all
times to run a maximal effort test. The total number
of laps (shuttles) completed was recorded for each
participant, and all data from the 15 m protocol were
converted to the 20 m protocol using a conversion
chart, which was shown to have good classification
agreement [18]. Researchers used indoor gymnasiums
as the primary testing location, with outdoor locations
used as a back-up location when necessary. Following
the Tomkinson recommendations [19], 20mSRT per-
formance for this study was reported as the running
speed at the last completed stage and number of laps
completed.

Dependent variables

Physical literacy

PL was assessed using the CAPL instrument, which pro-
vides methods to assess the four domains of PL, as de-
scribed below. The total CAPL score is an aggregate that
combines all domains (Physical Competence [maximum
of 32 points], Daily Behaviour [maximum of 32 points],
Motivation and Confidence [maximum of 18 points],
and Knowledge and Understanding [maximum of 18
points]), and ranges from 0 points (poor PL) to 100
points (excellent PL) [3]. The total CAPL score and each
of the four domain scores were used to summarize the
associations between CRF and PL.

Physical competence
The Physical Competence domain was modified from
the original CAPL methods to provide an aggregate
score that excluded the 20mSRT. Thus, the Physical
Competence domain included three health-related fit-
ness assessments, three anthropometric assessments,
and one gross motor movement skill assessment.

Grip strength was assessed using a handgrip dyna-
mometer following established procedures [20]. The
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better score from two trials from each of the left and right
hands, measured to the nearest 0.5 kg, were combined.
The prone plank test was used to assess torso muscular
endurance [21]. Participants were asked to hold a static
prone position on their elbows and toes with a straight
body position from the ankles to the head for as long as
possible, with the time to exhaustion (nearest 0.1 s) re-
corded as the final score. Flexibility was assessed using the
sit-and-reach protocol with a flexometer [20]. Participants
were asked to remove their shoes and then sit with their
legs stretched out in front of them and their knees flat on
the floor. They were asked to extend their arms with their
hands stacked while bending forward at the hips and
keeping legs straight. The furthest distance attained while
reaching forward toward their toes was recorded to the
nearest 0.5 cm.

Waist circumference was measured to the nearest
0.5 cm at the top of the iliac crest, using standardized
procedures [20]. Standing height was assessed to the
nearest 0.1 cm using a stadiometer, and body weight was
recorded to the nearest 0.1 kg using a digital weighing
scale. Body mass index was calculated from the mea-
sured height and weight values (kg/m?).

Gross motor movement skills were assessed using the
Canadian Agility and Movement Skill Assessment
(CAMSA) protocol [22]. The CAMSA is a standardized
agility course that provides a method to rapidly assess fun-
damental and complex movement skills (jumping, sliding,
catching, throwing, skipping, hopping, and kicking) in a
way that incorporates various ‘real-world’ movement cap-
acities (coordination, balance, precision, acceleration, and
deceleration). The overall CAMSA score combines move-
ment quality scores with the obstacle course completion
time to provide an overall score between 1.5 (low per-
former) and 42 (high performer) [22].

Daily behaviour

The Daily Behaviour domain assessed participants’ en-
gagement in physical activity and sedentary behaviours
as three separate components: objective physical activity,
self-reported physical activity, and self-reported screen
time. Objective physical activity was assessed as the aver-
age number of steps taken each day using an SC-StepRx
pedometer (StepsCount, Deep River, ON, Canada) [23].
Participants were asked to record their daily step counts
on a pedometer tracking log before bedtime over the
course of seven days. They were also asked to record the
time (hour/minute) that they put on and took off the
pedometer, and if the pedometer was removed during
the day, the amount of time missed and the reason for
the removal (e.g., forgot to wear, water-related activity).
Pedometer data were considered valid only if three cri-
teria were met: the total number of steps per day was
between 1000 and 30,000; at least 10 h of wear time
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were accumulated per day; and at least three valid days
were recorded (23, 24].

Children were asked to self-report the average number of
days per week that they performed at least 60 min of mod-
erate- to vigorous-intensity physical activity. To measure
sedentary behaviour, children were asked to self-report the
time they spent using screens (i.e., watching television, and
playing video games, computer games, or other
screen-based devices) on a typical school day and weekend
day [25].

Motivation and confidence

The Motivation and Confidence domain was derived
from five components. A published scale was used to de-
rive participants’ perceptions of physical activity benefits
and barriers [26]. Children were asked how their activity
levels compared with their peers, and how their skill
level compared with their peers. Lastly, sub-scales of the
Children’s Self-Perception and Adequacy in and Predi-
lection for Physical Activity (CSAPPA) scale were used
to assess participants’ self-reported adequacy, as well as
their self-reported predilection, toward physical activity
participation [26, 27].

Knowledge and understanding

Participants’ Knowledge and Understanding was assessed
using a standardized questionnaire (CAPL questionnaire)
developed to reflect the Canadian curricula for physical
and health education for grades 4, 5, and 6 [3]. The ques-
tions were broadly related to the understanding of the sed-
entary behaviour and physical activity guidelines [28, 29],
health-related fitness components, physical activity safety
equipment, and methods for improving movement skills.
Participants completed the questionnaire using paper and
pencil or an online website format.

Maturity offset

To control for the impact of maturation, maturity offset
was calculated from age (years) and standing height (cm)
using the following equations [30]:

For boys : Maturity offset = —7.999994 +
(0.0036124" (age* height)); R> = 0.896; SEE = 0.542

For girls : Maturity offset = —7.709133 +
(0.0042232" (age*height)); R* = 0.898; SEE = 0.528

Data analysis

All analyses were conducted using SAS 9.4 (SAS Insti-
tute Inc.,, Cary, North Carolina, USA). Descriptive char-
acteristics for all variables were calculated as means and
standard deviations. To determine the analytical plan to
assess the associations between CRF and each dependent
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variable, age and gender interaction terms were tested.
First, significant gender interactions were identified be-
tween CRF and most components of PL (i.e., 16/20 sig-
nificant interactions). Next, significant age interactions
by gender were identified for more than half of the com-
ponents of PL (i.e., 24/36 significant interactions). As a
result of these significant interactions, a stratified ana-
lysis by age and gender was conducted. The independent
variable, 20mSRT laps, was divided into tertiles across
each age (i.e., age at the last birthday) by gender group,
representing low, medium, and high CRF. Thus, mean
scores for all components of PL were calculated for each
age by gender CRF tertile group. Levene’s test was used
to assess the equality of variance. Significant differences
across groups were assessed using analysis of covariance
(ANCOVA), controlling for predicted maturity offset
[30]. Post-hoc analyses (Dunn’s test with Bonferroni cor-
rection) were used to identify significant differences be-
tween groups, using low CRF as the reference group.
Effect sizes between low and high CRF groups were cal-
culated using Cohen’s d, and effect sizes were inter-
preted as small (d between 0.2 and 0.5), moderate (d
between 0.5 and 0.8), and large (d > 0.8), with effect sizes
below 0.2 considered trivial [31].

Results

Participants

A total of 9393 (49.9% girls) children aged 8-12 years,
from 11 Canadian sites, were included in this study.
Nearly half (42.6%) of the sample was from Western
Canada (i.e, Victoria, Lethbridge, Calgary, and Winni-
peg). Table 1 provides the descriptive characteristics for
all included participants.

Associations across components of physical literacy

Tables 2, 3, 4, 5 and 6 display the associations between
CRF and all components of PL by age, with each table
presenting the data for boys and girls of the same age.
There were significant main effects across CRF tertile
groups for most components of PL that were consistent
and in the expected direction across all age and gender
groups. The effect sizes (Cohen’s d) between low and
high CRF groups ranged from small to large, with very
few components of PL considered trivial. Generally, lar-
ger effect sizes were observed for boys than girls, and
the effect sizes generally increased with age. The Phys-
ical Competence domain score consistently displayed
the largest effect size (Cohen’s d range: 1.11-1.94) across
age and gender groups, followed by the total CAPL
score (Cohen’s d range: 0.92-1.60), the CAMSA
(Cohen’s d range: 0.97-1.52) and the plank (Cohen’s d
range: 0.86—1.36). The smallest effect size across age and
gender groups was generally the Knowledge and Under-
standing domain (Cohen’s d range: 0.08-0.70), followed



Lang et al. BMC Public Health 2018, 18(Suppl 2):1041

Table 1 Descriptive characteristics of participants
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Boys (n=4710)

Girls (n=4683)

Total (n=9393)

Age (years)

Maturity offset (predicted from age (years)
and standing height (cm)) [30]

Site (n, %)
Victoria, British Columbia
Lethbridge, Alberta
Calgary, Alberta
Winnipeg, Manitoba
North Bay, Ontario
Windsor, Ontario
Ottawa, Ontario
Trois-Rivieres, Québec
Halifax, Nova Scotia
Antigonish, Nova Scotia
Charlottetown, P.E.l.

Independent variable

20mSRT (# laps)

Running speed at the last completed stage (km/h)?

8-year-olds
9-year-olds
10-year-olds
11-year-olds
12-year-olds
Dependent variables

Physical Literacy
Total CAPL score (0-100)

Physical Competence domain
Total domain score (0-32)
Handgrip score (kg)
Prone plank score (sec)
Sit-and-reach score (cm)
Waist circumference (cm)
Body mass index (kg/m?)
CAMSA score

Daily Behaviour domain
Total domain score (0-32)
Average daily step counts

Self-reported screen time (h)

Self-reported physical activity (days/week

meeting the guidelines)
Motivation and Confidence domain

Total domain score (0-18)

Benefits and barriers

Activity levels compared to peers

Skill level compared to peers

101 (1.2)
-2.7 (09)

258 (5.5)
532 (11.3)
620 (13.2)
607 (12.9)
529 (11.2)
637 (13.5)
350 (7.

56 (1.2)
390 (83)
482 (10.2)
249 (5.3)

4)

258 (15.8)

639 (124)

208
345

“3)

©.6)
620 (44.2)
254 (7.6)
674 (11.0)
189 (3.9)
315 (59)

186 (7.9)
12,405 (4081)
27 .0)

5.0 (2.0)

127 28)
16 (1.2)
0.7 (0.2)
0.7 (02)

10.1 (1.2)
-15(1.1)

220 (4.7)
1(113)
619 (13.2)
0(13.0
578 (12.3)
569 (12.2)
359 (7.7)
34 (0.7)
407 (8.7)
506 (10.8)
250 (5.3)

209 (11.6)

184 (74)
10,793 (3508)
22(1.8)

49 (1.9)

10.1 (1.2)
-21(.2)

478 (5.1)

(11.3)
1239 (13.2)
1217 (13.0)
(11.8)
1206 (12.8)
709 (7.5)
90 (1.0)
797 (85)
988 (10.5)

499 (5.3)

63.8 (11.7)

208 (4.2)
336 (9.5)
61.5 (43.5)
28.1 (84)
67.3 (10.8)
19.0 (3.8)
(

31.0 (5.8)

185 (7.6)
11,530 (3865)
25(1.9)

50 (1.9

125 (2.7)
16 (1.2)
0.7 (0.2)
0.7 (0.2)
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Table 1 Descriptive characteristics of participants (Continued)
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Boys (n=4710)

Girls (n=4683)

Total (n=9393)

CSAPPA adequacy score
CSAPPA predilection score

Knowledge and Understanding domain

Total domain score (0-18)

CAPL questionnaire score

48(0.9)
48 (1.0

118 (28)
11.8 (2.8)

46 (0.9)
4.8 (1.0)

122 (26)
12.2 (2.6)

4.7 (0.9)
48 (1.0)

120 (2.7)
120 (2.7)

Note: Variables are presented as means (+SD) unless otherwise stated

20mSRT 20-m shuttle run test, CAMSA Canadian Agility and Movement Skill Assessment, CAPL Canadian Assessment of Physical Literacy, CSAPPA Children’s

Self-Perception and Adequacy in and Predilection for Physical Activity

@20mSRT results are reported as running speed (km/h) at the last completed stage and number of laps completed for each age group as recommended by

Tomkinson et al. [19]

Table 2 Tertiles of cardiorespiratory fitness across components of physical literacy for 8-year-old boys and girls

20mSRT (# laps) Boys (n=522) Girls (n=524)
low CRF medium CRF high CRF Cohen'sd  low CRF medium CRF  high CRF Cohen's d
94 (2.7) 19.5 (3.6) 395 (11.2) 95 (2.1) 159 (1.9) 31.1 (106)
Physical Literacy
Total CAPL score 55.1 (10.8) 62.1 (10.3) 67.7 (9.8)°<* 1.22 58.7 (9.9) 62.7 (99)° 67.1 83> 092
Physical Competence domain
Total domain score 17.5 34) 200 32)° 224 (30> 1.53 174 (3.8) 19.8 (3.2° 213 32)°< 1.11
Handgrip score (kg) 255 (6.8) 268 (5.6) 293 (5.6)>* 061 245 (5.9) 249 (54) 268 (5.3)>* 041
Prone plank score (sec) 376 (27.2) 51.9 (34.5)° 72,0 (41.5)P<* 0.98 39.3 (21.6) 54.9 (37.3)° 74.0 (506)°<* 089
Sit-and-reach score (cm) 26.1 (6.7) 27.1 (7.0) 28.1 (6.8)* 0.30 2938 (7.0) 320 (65)° 32.1 (7.5) 032
Waist circumference (cm) 63.2 (9.0) 60.8 (6.9)° 59.0 (4.4)P<* 059 644 (9.8) 60.8 (7.7)° 59.2 (6.6)* 062
BMI (kg/m?) 18.1 (34) 169 (2.3)° 166 (1.9)* 0.55 183 (3.5) 16.9 (2.5° 16.7 (2.5 0.53
CAMSA score 237 (6.0) 285 (5.3)° 312 (5.1)P< 1.35 235 (5.7) 26.3 (5.7)° 289 (5.4)>* 0.97
Daily Behaviour domain
Total domain score 16.3 (7.9) 193 (7.3)° 216 (69> 0.71 188 (74) 20.2 (7.1) 219 (64 0.45
Average daily step counts 11,369 (3786) 13,589 (3907)* 14,218 (3471)™*  0.78 11,270 (3479) 11,773 (3242) 11,758 (3283) 0.14
Self-reported screen time (h/day) 3.2 (24) 24 (187 2.1 20 0.50 22 (20 1.9 (1.8) 16 (1.5°¢ 0.34
Average days/week meeting the 4.4 (2.3) 47 (24) 54 (1.9)P* 047 45 (2.3) 48 (2.1) 52 (1.8)° 0.34
guidelines
Motivation and Confidence domain
Total domain score 115 (2.8) 123 (2.5° 132 (23)°<* 0.66 120 (23) 119 (25) 132 (21> 0.54
Benefits and barriers 13 (14) 15(13) 18 (1.2 0.38 14(12) 13(1.2) 1.6 (1.1)° 0.17
Activity levels compared to peers 0.7 (0.3) 0.7 (0.2) 0.8 (0.2)* 039 0.7 (0.2) 0.7 (0.2) 08 (0.2)P* 0.50
Skill level compared to peers 07 (03) 0.7 (0.3) 08 (02> 039 07(0.2) 07(0.2) 07 (0.2) 0.00
CSAPPA adequacy score 45 (0.9 46 (0.8) 49 (O.S)b'c* 047 45 (0.9 45 (0.8) 49 (O.S)b'c* 047
CSAPPA predilection score 43(1.0) 4.8 (09)° 50 (0.9)* 0.74 46 (0.9) 4.8 (0.9) 52 (0.7)> 0.74
Knowledge and Understanding domain
Total domain score 9.8 (2.7) 10.5 (3.0) 104 (26) 023 10.5 (2.5) 10.7 (2.6) 10.7 (2.6) 0.08
CAPL questionnaire score 98 (2.7) 10.5 (3.0) 104 (2.6) 023 10.5 (2.5) 10.7 (2.6) 10.7 (2.6) 0.08

Note: All variables are presented as means (+SD). Statistical significance for the main effect was assessed using ANCOVA controlling for maturity offset.

Bonferroni (Dunn) t-test was used to assess differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups
20mSRT 20-m shuttle run test, ANCOVA analysis of covariance, BMI body mass index, CAMSA Canadian Agility and Movement Skill Assessment, CAPL
Canadian Assessment of Physical Literacy, CRF cardiorespiratory fitness, CSAPPA Children’s Self-Perception and Adequacy in and Predilection for

Physical Activity

@p < 0.05 for medium CRF vs low CRF

Bp < 0.05 for high CRF vs medium CRF

“p < 0.05 for high CRF vs low CRF
* p<0.001 for main effect
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Table 3 Tertiles of cardiorespiratory fitness across components of physical literacy for 9-year-old boys and girls

20mSRT (# laps) Boys (n=946) Girls (n =908)
low CRF medium high CRF Cohen’sd low CRF medium high CRF Cohen's d
CRF CRF
10.7 (3.0) 21.0 (3.5) 40.9 (10.7) 96 (2.3) 17.2 (2.5 323 (85)
Physical Literacy
Total CAPL score 573 (11.6) 639 (10.1)° 706 (9.7)°* 1.24 594 (9.9) 634 (10.1)° 684 (84)P* 0.98
Physical Competence domain
Total domain score 17.53.7) 204 (3.4)° 229 (3.4)P< 1.52 17.6 (3.8) 203 (3.5° 22.7 (3.5)P<* 1.40
Handgrip score (kg) 299 (7.5) 303 (7.3) 32.1 (6.9)° 0.31 27.7 (6.8) 28.5 (6.6) 293 (6.3)* 0.24
Prone plank score (sec) 418 (310) 558 (368)* 831 (537)°™ 094 44.4 (30.0) 60.1 (4187 807 (513> 086
Sit-and-reach score (cm) 250 (7.9) 26.1 (7.3) 280 (7.0)°<* 0.40 295 (7.7) 314 (7.9° 32.1 (7.7)* 0.34
Waist circumference (cm) 687 (120) 633 (7.5° 60.6 (5.4)°* 087 688 (10.7) 643 (94)° 604 (7.3)P* 0.92
BMI (kg/m?) 20.1 (4.3) 17.7 2.6)° 9(20° 095 199 (4.1) 182 31¢ 17126 082
CAMSA score 26.8 (5.5) 299 (47)° 335 (4.2)P* 1.37 259 (57 294 (5.0° 32.0 (4.5)P<* 1.19
Daily Behaviour domain
Total domain score 17.3 (8.0) 198 (7.5° 226 (6.7)°* 0.72 189 (7.2) 19.2 (7.3) 209 (63)°* 025
Average daily step counts 11,745 12,697 14,632 0.75 10476 11,135 11,993 0.44
(3751) (3805) (3982)°>< (3486) (3386) (3380)°
Self-reported screen time 3.1 (26) 2.5(1.8)° 20 (1.7)P* 0.50 2109 20(1.7) 1.7 (1.5)° 023
(h/day)
Average days/week meeting 45 (2.2) 50 (2.1)° 55 (1.8)°<* 0.50 47 2.0) 49 (2.0) 53 (1.6)°* 032
the guidelines
Motivation and Confidence domain
Total domain score 11.9 (2.8) 126 (2.4)7° 13.8 (2.1)° 0.77 11.7 (2.6) 125 (2.2)° 13.2 (2.0)P* 0.65
Benefits and barriers 1.5(1.3) 16 (1.2) 18 (1.2 024 15(1.2) 1.6 (1.0) 1.7 (1.0) 0.18
Activity levels compared to 0.7 (02) 0.7 (0.2)° 0.8 (0.2)P* 0.50 0.7 (02) 0.7 (0.2)° 0.8 (0.2)P<* 0.50
peers
Skill level compared to peers 0.7 (03) 07 (0.2) 0.8 (0.2)°<* 039 06 (0.2) 0.7 (0.2)° 0.7 (0.2)* 0.50
CSAPPA adequacy score 45(09) 4.8 (0.8)° 5.1 (0.7)°%* 0.74 43 (09 46 (0.8)° 49 (0.8)°* 0.71
CSAPPA predilection score 46 (1.0) 4.8 (0.9)° 5.2 (0.8)><* 0.66 46 (1.0) 4.8 (0.9) 5.2 (0.8)P<* 0.66
Knowledge and Understanding domain
Total domain score 106 (2.8) 11.0 2.7) 11.3 2.6)* 0.26 11.1 (2.5) 114 (25) 11.6 (2.3)° 021
CAPL questionnaire score 106 (2.8) 110 (2.7) 113 26)* 0.26 11.1 (2.5 114 (2.5 116 23)° 021

Note: All variables are presented as means (+SD). Statistical significance for the main effect was assessed using ANCOVA controlling for maturity offset. Bonferroni
(Dunn) t-test was used to assess differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups

20mSRT 20-m shuttle run test, ANCOVA analysis of covariance, BMI body mass index, CAMSA Canadian Agility and Movement Skill Assessment, CAPL Canadian
Assessment of Physical Literacy, CRF cardiorespiratory fitness, CSAPPA Children’s Self-Perception and Adequacy in and Predilection for Physical Activity, SD

standard deviation

p < 0.05 for medium CRF vs low CRF
Bp < 0.05 for high CRF vs medium CRF
p < 0.05 for high CRF vs low CRF

*p < 0.001 for main effect

by the sit and reach score for boys (Cohen’s d range:
0.29-0.40), and the handgrip score for girls (Cohen’s d
range: 0.24—0.41).

Discussion

This study represents the largest effort to date to as-
sess the associations between CRF and components of
PL among school-aged children. Our findings suggest
that there are clear favourable associations between

PL and CRF levels. For instance, participants in the
high CRF tertile consistently demonstrated better
scores across all domains of PL in comparison with
their peers in lower CRF tertile groups, regardless of
age and gender. Of the PL components, the strongest
associations were identified between CRF and Physical
Competence (large effect size), followed by Motivation
and Confidence (moderate to large effect size), Daily
Behaviour (small to moderate effect size), and
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Table 4 Tertiles of cardiorespiratory fitness across components of physical literacy for 10-year-old boys and girls

20mSRT (# laps) Boys (n=1201) Girls (n=1175)
low CRF medium high CRF Cohen's d low CRF medium high CRF Cohen's d
CRF CRF
11.0 3.0 214 (39 426 (10.0) 100 (2.1) 16.7 (2.1) 320 (99)
Physical Literacy
Total CAPL score 564 (114) 636 (105° 719 (9.2)° 1.50 573(102) 634 (977 696 (99> 1.2
Physical Competence domain
Total domain score 178 (3.8) 205 (3.5)° 23.7 (34)°%* 1.64 179 (3.8) 204 (34) 133> 146
Handgrip score (kg) 314 (79) 328 (82)° 35.7 (7.6)°* 0.56 1(7.7) 312 (77° 328 (73> 036
Prone plank score (sec) 407 (317) 568 (353)° 857 (51.5)°<  1.05 405 (288) 557 (326)° 80.1 (462)°* 1.03
Sit-and-reach score (cm) 244 (7.5) 25.7 (7.4)° 264 (7.4 027 286 (7.7) 301 (80)° 324 (85P 047
Waist circumference (cm) 724 (129) 666 (9.1)° 628 (65" 094 722(123) 665 (887 635 (7.7)°* 085
BMI (kg/m?) 206 (4.7) 7(32° 1742 087 207 (45  188(32° 176 (28" 083
CAMSA score 27.8 (5.8) 5 (4.5)° 34.7 (4.0)°%* 1.39 274 (53) 207 (487 329 (46> 1.11
Daily Behaviour domain
Total domain score 157 (76) 183 (74° 21567 081 167 (7.1) 184 (69° 205 (7)™ 054
Average daily step counts 10,923 12,327 13,907 0.77 10,065 10,771 11,569 0.44
(3696) (3935)° (4026)°* (3126) (3825) (3668)*
Self-reported screen time (h/day) 33(23) 2.7 (197 22 (16)Pc* 0.56 24(19) 19 (1.5)° 1.9 (1.5)%* 0.29
Average days/week meeting the 452.0) 51 (.97 58 (1.5)P<* 0.71 45(19) 50 (1.9° 53 (1.5)% 0.48
guidelines
Motivation and Confidence domain
Total domain score 11.8 29 128 (2.6)° 142 (2.1)P< 0.95 1.2 (29 122 (25° 13222 078
Benefits and barriers 14(13) 1600 2100 058 13(1.2) 14 (1.1) 17 1.0°% 036
Activity levels compared to peers 0.7 (02) 0.7 (0.2° 0.8 (0.2)°<* 0.50 06 (0.2) 0.7 (0.2)° 0.7 (02)°>* 050
Skill level compared to peers 06 (0.3) 07 (02° 08 (0.2)°<* 0.78 06 (0.2) 06 (02)° 07 (02°* 050
CSAPPA adequacy score 450100 49(09° 5207 081 42(10)  46(09° 4908 077
CSAPPA predilection score 45 (1.0) 49 (0.9 5.3 (0.7)°<* 0.87 45(1.0) 48 (1.0 52 (08)°* 083
Knowledge and Understanding domain
Total domain score 114 (2.8) 12.0 (2.6)° 125 (26> 041 1.6 (2.7) 124 247 128 24)~ 047
CAPL questionnaire score 114 (2.8) 120 (26)° 12,5 (2.6)° 0.41 116 (2.7) 124 247 128 Q4% 047

Note: All variables are presented as means (+SD). Statistical significance for the main effect was assessed using ANCOVA controlling for maturity offset. Bonferroni
(Dunn) t-test was used to assess differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups

20mSRT 20-m shuttle run test, ANCOVA analysis of covariance, BMI body mass index, CAMSA Canadian Agility and Movement Skill Assessment, CAPL Canadian
Assessment of Physical Literacy, CRF cardiorespiratory fitness, CSAPPA Children’s Self-Perception and Adequacy in and Predilection for Physical Activity, SD

standard deviation

?p < 0.05 for medium CRF vs low CRF
Pp < 0.05 for high CRF vs medium CRF
p < 0.05 for high CRF vs low CRF

*p < 0.001 for main effect

Knowledge and Understanding (marginal to moderate
effect size).

Associations across components of physical literacy

Our study identifies consistent and favourable gradients
across CRF tertiles for all components that describe PL.
This finding suggests that CRF, measured using the
15mSRT or 20mSRT, is an important correlate of all PL
domains and almost all components of the CAPL among
Canadian children aged 8—12 years, supporting a growing

body of literature that highlights the importance of CRF in
these age groups [32].

This study identifies strong associations between CRF
and most components of the Physical Competence do-
main, which supports the literature [10]. Of the compo-
nents that describe Physical Competence, the largest
effect sizes across age and gender groups were identified
for the CAMSA (i.e., gross motor skills) and the prone
plank test (i.e., muscular endurance). The CAMSA and
the prone plank test are novel assessments used in the
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Table 5 Tertiles of cardiorespiratory fitness across components of physical literacy for 11-year-old boys and girls

20mSRT (# laps) Boys (n=1510)

Girls (n=1550)

low CRF medium high CRF Cohen'sd low CRF  medium high CRF Cohen's d
CRF CRF
11.5(33) 240 (4.6) 476 (12.2) 116 (28) 196 (2.6) 356 (9.2)
Physical Literacy
Total CAPL score 564 (114) 651 (11.0° 722 (103)P* 145 580 (103) 635(9.7)° 703 (9.9)° 1.22
Physical Competence domain
Total domain score 18.1 (3.8) 216 (357 244 (33)°c* 1.77 0(36) 216337 240 (34)°% 1.43
Handgrip score (kg) 36.0 (9.8) 370 (9.1) 39.7 (8.5)° 0.40 346 (9.2) 355(90) 37.2 (86)°* 0.29
Prone plank score (sec) 422 (319) 6303917 932 (53.1)°* 116 433 (279) 600 (37.5° 855 (485° 107
Sit-and-reach score (cm) 230 (7.6) 252 (7.6)° 25.8 (7.3)°* 0.38 286 (86) 304 (87)° 331 (86)> 0.52
Waist circumference (cm) 76.7 (14.1)  69.1 (94)° 653 (6.7)>* 1.31 741 (123) 685 (937 648 (7.1 093
BMI (kg/m?) 218(0) 192337 178 (2. 4)“* 1.01 1145 193337 180 7)™ 084
CAMSA score 29.7 (54) 335 (4.5° 3.6)P<* 1.40 295(51) 320 (44)° 347 (41)°< 1.12
Daily Behaviour domain
Total domain score 152(78)  182(75° 205 (76)>* 069 156 (7.7) 172707 196 (7.1)°* 054
Average daily step counts 10,984 11,825 13,209 0.57 9679 10,176 11,587 0.54
(3740) (3865)° (4118)P* (3282) (3266) (3777)°<*
Self-reported screen time (h/day) 34 (23) 28 (197 24 (1.7)Pex 0.50 2.7 (20) 24 (1.7° 20 (1.5)P<* 0.40
Average days/week meeting the 44 (2.0) 5.1 (1.8)° 57 (16)P* 0.70 44 (19) 49 (1.7)° 53 (1.6)>* 051
guidelines
Motivation and Confidence domain
Total domain score 11330 12.7 (2.8)° 141 (2.1)P% 1.06 111 26) 119 (24)° 133 (24)>< 0.88
Benefits and barriers 13(1.2) 17 (12° 1P 061 130 15007 18(10°* 048
Activity levels compared to peers 06 (0.2) 0.7 (0.2)° oz)bc* 1.00 06 (0.2) 0.7 (0.2)° 0.8 (0.2)b<* 1.00
Skill level compared to peers 06 (0.2) 0.7 (0.2 8 (0.2)>* 1.00 0602 06(02)° 07 (02)P<* 0.50
CSAPPA adequacy score 44 (1.0) 48 (09)° 2 (0.7)Pcx 0.93 42 (09) 45 (0.8) 49 (0.8)>* 082
CSAPPA predilection score 44 (1.0) 48 (1.0)° 3 (0.8)°<* 0.94 44 (1.0) 46 (0.9)° 5.1 (0.8)P* 0.77
Knowledge and Understanding domain
Total domain score 11.8 (2.8) 12.7 (2.6)° 13.1 (2.5)%* 0.49 122026) 128247 134024 048
CAPL questionnaire score 11.8 (2.8) 12.7 (2.6)° 13.1 (2.5)* 0.49 12226) 128 (24)° 134 (2.4)°c 0.48

Note: All variables are presented as means (+SD). Statistical significance for the main effect was assessed using ANCOVA controlling for maturity offset. Bonferroni
(Dunn) t-test was used to assess differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups

20mSRT 20-m shuttle run test, ANCOVA analysis of covariance, BMI body mass index, CAMSA Canadian Agility and Movement Skill Assessment, CAPL Canadian
Assessment of Physical Literacy, CRF cardiorespiratory fitness, CSAPPA Children’s Self-Perception and Adequacy in and Predilection for Physical Activity, SD

standard deviation

?p < 0.05 for medium CRF vs low CRF
Pp < 0.05 for high CRF vs medium CRF
p < 0.05 for high CRF vs low CRF

*p < 0.001 for main effect

CAPL and this study is the first to identify these strong
associations; however, other studies using different tests
support our findings. For instance, a previous study
identified strong positive associations between the Test
of Gross Motor Development—2nd Edition and achieving
the FITNESSGRAM® Healthy Fitness Zone for the
20mSRT [33, 34]. This further suggests that CRF is
strongly related to gross motor skills. In addition, an-
other study reported marginal but significant correla-
tions between CRF and the ability to perform repeated

push-ups and curl-ups [35], measures of muscular en-
durance that are similar to the prone plank test. These
associations suggest that future interventions designed
to improve CRF could incorporate skill development
aimed at teaching fundamental motor skills (i.e., jump-
ing, sliding, catching, throwing, skipping, hopping, and
kicking), movement capacities (i.e., coordination, bal-
ance, precision, acceleration, and deceleration), and
muscular endurance. These types of interventions may
have an indirect or mediated effect by providing children
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Table 6 Tertiles of cardiorespiratory fitness across components of physical literacy for 12-year-old boys and girls

20mSRT (# laps) Boys (n=531) Girls (n=526)
low CRF medium high CRF Cohen'sd low CRF  medium high CRF Cohen's d
CRF CRF
125 (39 26.6 (4.9) 51.9 (13.1) 12530 21029 39.0 (10.9)
Physical Literacy
Total CAPL score 555(120) 667 (113 733 (102> 160 585 (107) 647 (100)° 717 (103> 126
Physical Competence domain
Total domain score 184 (4.0) 222 (35)° 25.1 (2.8)P<* 1.94 195(39) 2193387 248 (3.4)° 1.45
Prone plank score (sec) 423 (214) 659 (34.1° 875 (41.9°* 1.36 443 (236) 57. (355° 939 (587)P< 111
Sit-and-reach score (cm) 223 (8.1) 243 (7.7) 25.2 (7.6)°* 037 313 (9.0) 31.1(86) 334 (88)° 024
Waist circumference (cm) 76,5 (14.2) 708 (9.9)° 66.0 (6.4)°* 0.95 749 (115) 712 (108)° 679 (7.6)° 0.72
Handgrip score (kg) 395(116) 429977 460 (11.1)°* 057 386 (11.4) 400 (89) 425 (87)P* 0.39
BMI (kg/m?) 218 (5.1) 199 3.9° 18.1 (24> 0.93 216 (48 200 (387 186 (2.5)°* 0.78
CAMSA score 29.8 (5.8) 343 (43)° 37.0 (3.4)P< 1.52 304 (53) 333 (41)° 356 (44> 1.07
Daily Behaviour domain
Total domain score 144 (78) 183 (80)° 203 (80" 075 151(76) 171(76) 196 (74> 060
Average daily step counts 10,080 12,132 13,837 0.94 9048 9851 11,132 0.70
(3441) (4337)° (4457)P< (2683) (2948) (3251)P*
Self-reported screen time (h/day) 36 (23) 28 (1.8)° 26 (1.9 047 30019 25(1.9) 2.1 (1.5 0.52
Average days/week meeting the 44 (2.1) 49 (1.8) 56 (1.7)>* 063 44 (1.7) 48 (19 54 (1.5)P* 062
guidelines
Motivation and Confidence domain
Total domain score 11.0 (3.5 127 (2.8° 144 (2.1)P 1.18 112(29) 122 (260 135 (2.3)°* 0.88
Benefits and barriers 13(14) 15(1.2) 21 (1.0)P 0.66 1.2(1.2) 1.5 (.1 1.8 (1.0)* 0.54
Activity levels compared to peers 06 (0.2) 0.7 (0.2° 0.8 (0.1)P<* 127 06 (0.2) 0.7 (0.2) 0.8 (0.2)P* 1.00
Skill level compared to peers 06 (0.3) 0.7 (0.2)° 0.8 (0.2)°* 0.79 06(02) 06027 0.7 (0.2)°¢* 0.50
CSAPPA adequacy score 43(1.1)  4909° 5308 113 43(09) 46097 5108 094
CSAPPA predilection score 42(1.2) 49 (1.0)° 53 (0.7)°%* 1.12 44 (1.1) 48 (1.0)° 5.1 (0.8)°* 0.73
Knowledge and Understanding domain
Total domain score 116 (2.8) 13.1 2.4)° 134 (2.3)* 0.70 124 27) 132024% 136 (22 0.49
CAPL questionnaire score 11.6 (2.8) 131 (24)° 134 (23)* 0.70 124 (27) 132247 136 22 0.49

Note: All variables are presented as means (+SD). Statistical significance for the main effect was assessed using ANCOVA controlling for maturity offset. Bonferroni
(Dunn) t-test was used to assess differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups

20mSRT 20-m shuttle run test, ANCOVA analysis of covariance, BMI body mass index, CAMSA Canadian Agility and Movement Skill Assessment, CAPL Canadian
Assessment of Physical Literacy, CRF cardiorespiratory fitness, CSAPPA Children’s Self-Perception and Adequacy in and Predilection for Physical Activity, SD

standard deviation

?p < 0.05 for medium CRF vs low CRF
Pp < 0.05 for high CRF vs medium CRF
p < 0.05 for high CRF vs low CRF

*p < 0.001 for main effect

with the abilities needed to participate in a broader
range of physical activities, and thus potentially further
improve CRF. Indeed, many physical education pro-
grams incorporate these aspects of skill development in
their respective curricula.

In our study, the association between CRF and adipos-
ity (body mass index and waist circumference) ranged
from moderate to large. While the relationship between
CRF and adiposity is certainly important, it may not be
the most vital aspect associated with 20mSRT

performance. Previous research has showed that adipos-
ity explained between 40 and 60% of declines in distance
running seen in children (aged 10-12 years) between
1985 and 1997 [36]. Indeed, 20mSRT performance in
children likely results from a combination of several
physiological and psychological aspects, including motiv-
ation [37].

The importance of motivation is further supported by
our study, which identified the Motivation and Confi-
dence domain as having moderate to large effect sizes
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across age and gender groups. This is noteworthy given
that the range of effect sizes for the Motivation and
Confidence domain was stronger than the overall Daily
Behaviour domain across most age and gender groups.
Thus, our findings suggest that creating a motivational
climate (e.g., mastery climate, achievement goal theory,
self-determination theory, etc.) that encourages in-
creased effort and task motivation could positively im-
pact CRF, and the context in which children are active
(e.g., encouragement, reinforcement, etc.) may be more
important than simply getting children moving.

Strategies for CRF and PL surveillance

Our study identified strong associations between CRF and
PL that generally increased with age. Given this finding,
the 20mSRT could have merit as a simple screening as-
sessment to help identify children with low PL and in
need of a full CAPL assessment, providing a way to save
time and resources in the school-based setting. This strat-
egy is consistent with other studies that have advocated
for the use of the 20mSRT as a population health surveil-
lance instrument to help identify children and youth at
risk of poor health outcomes [9]. This study also high-
lights the possibility of developing new PL-based CRF
criterion-referenced standards for children that would in-
corporate a variety of cognitive, mental, and physical
health indicators that may help screen children at in-
creased risk of lifestyle-related disease.

Although this study has identified the potential of the
20mSRT as a screening instrument for PL in the
school-based environment, there is still more work to be
done. For instance, future studies are needed to better
understand the sensitivity and specificity of using CRF
cut-off values to identify those with low PL levels.

Strengths and limitations

An important strength of this study is the large sample of
Canadian children tested using a standardized data collec-
tion protocol, validated CAPL instruments, and trained
assessors across all 11 sites. We collected data during a
relatively small time frame (i.e,, 3 years), thereby limiting
the possible effect of temporal trends. We also aimed to
obtain a balanced sample across Eastern and Western
Canada to diminish any potential within-country differ-
ences in our estimates. However, our results need to be
interpreted in light of the following limitations. First, this
was a cross-sectional study and therefore causality cannot
be inferred. Second, in light of the voluntary and purpos-
ive sampling strategy, the results may not be generalizable
to the broader Canadian context. However, portions of the
Physical Competence (i.e., grip strength, waist circumfer-
ence, body mass index) results from our 8- to 12-year-old
sample were only slightly higher to a published national
representative sample of Canadian children aged 6-
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10 years [38]. Third, significant heterogeneity of variance
was observed in 50% of the ANCOVA analyses, which vio-
lates the assumption of equality of variance. However,
ANCOVA is generally robust to moderate violations of
heterogeneity of variance, as long as the sample size is
large and approximately equal across groups [39], which
was true for our study. Finally, the potential confounding
effects of unmeasured variables (e.g., measured matur-
ation, socio-economic status, ethnicity, etc.) cannot be dis-
counted. Although we have made an attempt to predict
maturity offset using the Moore et al. equation [30], these
predicted estimates may not have been accurate as they
were predicted using age and standing height as inputs.

Conclusions

This study identified strong favourable associations be-
tween CRF and all components of PL in a large sample
of school-aged Canadian children. These findings pro-
vide preliminary evidence to support the importance of
CRF as a possible predictor of PL outcomes. Future
studies should aim to replicate these results in different
populations, and to identify the sensitivity and specificity
of using CRF to screen for children with low PL levels.
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Additional file 1: Percentages of Canadian boys and girls with healthy
cardiorespiratory fitness using the interim international standards [16].
Data are presented as % and standard deviations. (BMP 1574 kb)
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