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Abstract: Physical literacy (PL) is theorized to be an important determinant of physical fitness (PF)
and physical activity levels (PALs), but studies have rarely examined possible correlations between PL,
PE, and PAL in preadolescent children. This study aimed to evaluate age-specific and gender-specific
correlations between the affective and cognitive domains of PL (PLac), PF, and PAL in preadoles-
cents. Additionally, the test-retest reliability of the applied PF tests was examined. The participants
were 107 children (9 to 11 years of age; 53 girls). Apart from gender and school age (third graders,
fourth graders), the variables included PLsc, PAL, and PF. PF was evaluated by anthropometrics and
body composition indices, sit-ups, push-ups, PACER tests, torso lifts, and broad jump. PLsc was
evaluated using the PLAYself questionnaire, and the PAQ-C was used to evaluate PAL. The test-retest
reliability of the PF tests was appropriate to high (ICC: 0.65-0.91). Analyses showed nonsignificant
associations between PL5c and PAL in both genders and age groups. PAL was significantly corre-
lated with PL in girls (low correlation) and fourth graders (moderate correlation). The nonsignificant
associations between PLac and PF could be a consequence of the influence of biological maturity on
PF in this age group. The correlation between PAL and PLac can be explained by the differences in
physical activity habits between genders and age groups, with participation in structured physical ac-
tivities (organized sports and physical education) being the most important source of PAL in girls and
older children.

Keywords: physical education; sports; reliability; school-aged children; physical literacy

1. Introduction

Physical fitness (PF) is a state of health and well-being and, more specifically, the
ability to perform aspects of sports, occupations, and daily activities [1]. A good PF in
childhood and adolescence is the basis for a healthy lifestyle and an important indicator
of the current and future health status, because high levels of PF during childhood and
adolescence have a positive effect on the health in adulthood [2,3].

It is well-known that maintaining satisfactory PF in children and adolescents reduces
the risks of obesity, cardiovascular diseases, and diabetes in adulthood [4,5]. Furthermore,
the results of research on mental health indicate a positive connection between PF and
overall mental health in children and young people [6]. Finally, studies have confirmed the
positive association between PF, quality of life, and the health of children and adolescents,
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in addition to a strong body of evidence demonstrating a positive relationship between PF
and academic success [7,8].

Physical activity (PA) is considered a crucial factor in achieving good PE. There is strong
evidence that PA has multiple benefits for children and adolescents, such as improving
physical and mental health; sleep quality; brain development; bone health; and social,
psychological, and cognitive health [9]. Furthermore, PA is recognized as an important
factor in the prevention of excess body weight and obesity in children and in slowing the
development of obesity in adulthood [10]. During childhood, adequate levels of PA are a
fundamental prerequisite for developing basic cognitive, motor, and social skills, as well
as musculoskeletal, cardiovascular, and metabolic health [11]. Unfortunately, most of the
young population is not physically active, i.e., 81% of children and adolescents do not have
a sufficient level of PA [12], and studies that state that children and adolescents have an
insufficient level of PF emphasize that the reason is mainly insufficient PA [12-14].

Previous studies have investigated the influence of PA on PF [15,16]. In general, an
increase in PA is considered to lead to an improvement in PF [14,17,18]. However, some
studies indicate that increasing PA alone is insufficient for children [19]. The reason for this
is that the risk of cardiovascular diseases in the future is determined by the level of PF [20],
so the emphasis should be on promoting physical activity that will directly increase the
level of PF [21]. Recently, in this sense, there has been an increasingly visible interest in the
issue of “physical literacy”.

Physical literacy (PL) is defined as “the motivation, confidence, physical competence,
knowledge, and understanding to value and take responsibility for engagement in physical
activities for life” [22]. The domains of PL (i.e., physical competence, motivation and self-
confidence, and knowledge) are inter-related and are crucial for supporting participation
in PA while growing up and in adulthood [23]. The concept of PL is seen as a way of
encouraging and maintaining lifelong engagement in PA. Indeed, PL is a holistic concept
and consists of numerous domains including PA behavior, physical competence, motivation,
confidence, knowledge, and understanding, which emphasize the affective, physical, and
cognitive predispositions necessary to take part in PA throughout the life course [24,25].
The affective domain, which is potentially the most important for lifelong participation in
PA, includes confidence, motivation, enjoyment, commitment, autonomy, self-esteem, and
perceived physical competence [25].

Different concepts of PL and tools for assessing PL levels have been developed world-
wide, and there is no consensus on which is the most appropriate [26,27]. Among the
most popular and commonly used tools for assessing PL in the research are the Canadian
Assessment of Physical Literacy (CAPL) and the Physical Literacy Assessment of Youth
(PLAY) [27,28]. Attributes of physical competence in the multidimensional concept of
PL have a close link with individual domains of PF and, as constructs, are connected
through common basic components [29]. It is, therefore, not surprising that researchers
have addressed the relationship between the affective and cognitive domains of PL (PLac)
and PF measures. For example, Canadian studies performed with children aged 8 to 12
and 9 to 11 years have reported a positive association between cardiorespiratory fitness
(aerobic fitness) and PLac [29,30]. This is supported by a very recent French study with
children aged 11 and 12, where the authors reported that PLsc was positively related to
the percentage of muscle mass and negatively related to the percentage of body fat [31].

From the previous literature overview, it is clear that the affective and cognitive
domains of PL may be related to the overall fitness status of children. However, it seems
that studies have rarely examined various indices of PF in relation to PLc in preadolescent
children, and those that did were mostly focused on cardiovascular fitness [29-31]. Also,
it seems that studies on the relationships between PF and PL performed so far have
observed different age groups at the same time [29-31], which may have introduced bias.
Specifically, previous investigations have highlighted that children evaluate their PL based
on comparison with their similarly aged peers [32]. This means that different age groups
should be observed as stratified samples, at least in situations when PL is intended to
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be correlated with objectively measured PE. Therefore, this study aimed to evaluate the
age-stratified and gender-stratified associations between PLac, PAL, and various indices
of PF in preadolescent children (9 to 11 years of age). Additionally, we examined the
test-retest reliability of the PF tests in the studied preadolescent children. Initially, we had
two study hypotheses: (i) PL will be positively associated with PF, and (ii) facets of PL will
be positively associated with PAL in preadolescents.

2. Materials and Methods
2.1. Participants and Study Design

The participants in this study were 107 preadolescent children (53 girls) from Croatia.
When conducting the research, all participants were between the ages of 9 and 11, attended
the 3rd (n = 52) or 4th grade (1 = 55) of elementary school, were in good health, and regularly
attended physical education (PE) classes. Children who were ill or had a locomotor injury
during the two weeks prior to the test did not participate in this study. Prior to this study,
the parents/guardians were informed by the research team about the goals and procedures
of this research, and they signed informed consent for the children’s participation. For
the reliability study, a subsample of 21 randomly selected children was tested across a test
and retest trial, within the time frame of 7-10 days. The number of participants tested in
the reliability study ensured we gained a sufficient number of observations in order to
achieve a normal distribution of results, while, at the same time, allowing for similar testing
conditions in relatively short time period, which was crucial for the stability of testing.

The research was approved by the Ethics Committee of the Faculty of Kinesiology,
University of Split. The study design is presented in Figure 1.

Preparation of the study Reliability study
« Contacting the school * Testing of the fitness Cross-sectional study
authorities tests (pacer test, sit- +  Fitness tests

* Collecting the parental ups, push-ups, sit-

i and-reach, trunk lift) *  Anthropometrics/body

composition
+  Retesting of the

« Preparing the 2
fitness tests

measurement

+ Physical literacy
procedures l + Physical activity levels

September — October — November — December — January

Figure 1. Study design and time frames.

2.2. Variables and Procedures

In addition to the school grade (3rd or 4th), gender (male or female), and age (years),
we also observed anthropometric and body composition indices, PL, PF (including anthro-
pometric/body composition indices), and PAL. Body composition and anthropometrics
were evaluated by a highly skilled technician with long-term experience in testing. Fitness
tests were carried out by physical education teachers, where one examiner tested all chil-
dren at once. Altogether five examiners tested all children. All evaluators were experienced
and specifically instructed in performing the tests before this study. Furthermore, the
PF tests were well-known to all evaluators (please see later for details) because they are
regularly used in schools in Croatia.

The PLpc was evaluated by the PLAYself questionnaire, a part of the PLAY tools
(PLAYfun, PLAYbasic, PLAYself, PLAYparent, PLAYcoach, and PLAYinventory) [33]. This
questionnaire is used by children and adolescents for self-assessment of their PLoc level
and has four subdomains: (i) Environment, which assesses the degree of confidence of
movement in different environments (e.g., activities in the gym, in and on water, and on
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snow and ice). (ii) Self-report of PL, which assesses a number of affective and cognitive
segments (e.g., motivation, confidence, and self-esteem) related to PL that determine an
individual’s self-efficacy and ability to participate in PA, including questions such as “It
does not take me long to learn new skills, sports or activities”, “I think that being active is
important for my physical and mental health”, “I think that exercise makes me happier”,
and “I understand the words used by trainers and PE teachers”. (iii) The relative ranking of
literacy with its subdomains of Literacy, Numeracy, and Physical Literacy assesses literacy
in different environments (e.g., school, home, and friends) and assesses how much an
individual values each of the mentioned literacies. (iv) The state of fitness (fitness) is
determined by the question, “My state of fitness is good enough to allow me to participate
in all the activities I choose”. However, this subdomain is not included in the final score of
PLAYself. The final result of the questionnaire consists of the sum of points from the first
three subdomains divided by the number of questions (27 in total). The maximum number
of PLAYself points is 100, which represents a high self-concept of PLac. The Croatian
version of the PLAYself questionnaire has recently proved to be feasible and reliable in
Croatian children aged 9 to 11 [32].

The level of PA was assessed using the “Physical Activity Questionnaire for Older
Children” (PAQ-C) [34]. The PAQ-C-Croatian version of the questionnaire for assessing
the level of physical activity was constructed for children of a similar age to those sampled
(from 8 to 14 years) to quantitatively assess the overall level of physical activity [35]. The
questionnaire consists of 9 questions that are evaluated on a 5-point scale, for example,
“In the last 7 days, what did you mostly do during a long break (except eating a snack)?”
and “Indicate how often you were engaged in some physical activity (e.g., sports, games,
dancing or any other physical activity) every day of the last week.” The total physical
activity score is predicted based on the mean of the answers given. A score of 5 is the
maximum value of the PAQ-C and represents high activity, while a score of 1 represents
very low or no activity. For the testing of the PAL and PLac, an online testing platform was
used, and children were tested in school classroom in small groups. One of the examiners
was available if the children needed help during the test, but the examiner was positioned
behind the computer screen and could not see the answers. Testing was carried out in small
groups, of up to 10 children, and the children could not see the other participants’ answers.

The PF was evaluated by tests included in the FitnessGram battery [36]. The battery
includes tests to assess aerobic endurance, abdominal muscular strength and endurance,
torso extensor strength and flexibility, upper body strength and endurance, flexibility, body
height, body mass, and body composition. Additionally, we included a broad jump test
because this procedure is regularly used in Croatian PE.

Body height (BH) was measured with an altimeter. The measurement is performed
with the participant standing barefoot on a flat and firm surface in an upright position.
The position of the participant’s head fulfills the requirement of the Frankfurt horizontal,
looking straight ahead. The result is measured in centimeters, with an accuracy of 0.1 cm.
Body mass (BM) was measured with a digital diagnostic scale (Tanita BC 418 scale; serial
number 15010067, 2015). The measurement is performed with the participant standing
barefoot and upright on the scale, wearing a sports shirt and shorts. The result is expressed
in kilograms with an accuracy of 0.1 kilograms. The scale also measures body composition
using the bioimpedance method (Tanita BC 418 scale; serial number 15010067, 2015), and,
in this research, we assessed body fat percentage and muscle mass percentage.

The 15 m PACER test was used to assess aerobic endurance. The test consists of 21
or more levels of 7 or more intervals of running segments of 15 m. Students run from one
end to the other of a segment marked with cones and must touch the line when the buzzer
sounds. At the sound of the beep, they turn and run back to the other end. Participants
continue to do this until they reach the line before two beeps. The goal is to cross as
many levels as possible, and the result is expressed numerically in levels. Additionally,
we calculated VO, max/kg using the Leger et al. equation: VO, max/kg = 31.025 + 3.238
(running speed in km/h) — 3.248 (age in years) + 0.1536 (running speed x age) [36,37].
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The curl-up test was used to assess abdominal muscular strength and endurance. The
test is performed by having the participant lift the torso as many times as possible, up to a
maximum of 75. The result is the maximum number of correctly performed torso lifts.

The torso lift test assessed torso extensor strength and flexibility. On cue, the par-
ticipant independently raises the cervical and thoracic parts of the spine in a controlled
manner to their maximum, with the head in a neutral position in line with the spine.

The push-up test was used to assess upper body strength and endurance. The test is
performed so the participant takes a pronated position on the mat with the palms under the
shoulders, fingers extended, legs extended and parallel, and feet slightly apart, resting on
the toes. The participant pushes off the mat with their hands until their arms are extended,
keeping their legs and back straight. The participant then lowers their body using their
arms until their elbows are bent at 90 degrees and their upper arms are parallel to the floor.
The result is the maximum number of correctly performed push-ups [36,38].

The sit-and-reach test was used to obtain the flexibility for the lower back and ham-
string muscles. The participant sits on the floor with their legs extended straight ahead,
feet shoulder-width apart, and positioned against the box or measuring device. With
their palms down and fingers pointing forward, the individual reaches forward along the
measuring device as far as possible, holding the position for at least two seconds. Three
trials are performed and the average score is used as a final result.

The standing long jump assessed the jumping performance/power capacity. The test
is performed so the participant stands behind the starting mark and jumps from the place
with bare feet as far as they can. A standardized measurement mat was used (ELAN,
Begunje, Slovenia). The result was measured in centimeters, as a best of three attempts [39].

2.3. Statistics

In the first phase, all variables were checked for normality by the Kolmogorov-Smirnov
test (Supplementary Table S1). For normally distributed variables, means and standard
deviations were reported, while counts and percentages were reported for categorical and
ordinal variables (i.e., gender, age).

To identify the reliability of the fitness tests, intraclass correlation coefficients (ICCs)
were calculated for multiple trial tests (e.g., torso lift, standing long jump, sit-and-reach),
while test-retest correlation was calculated for single-trial tests (sit-ups, push-ups, PACER
test). To identify potential measurement bias, analysis of variance (ANOVA) was calculated
among trials for multiple-trial tests (with the consecutive Scheffe post hoc test), while a
t-test for dependent samples was calculated for single-trial tests.

Two-way factorial analysis of variance (2-way ANOVA) with “Group” (3rd vs. 4th class)
and “Gender” as the main effects and “Group x Gender” as the interaction effect was per-
formed to evaluate the differences in the study variables.

The associations between study variables were evaluated by Pearson’s correlations
(Pearson’s R) calculated for the total sample, gender-stratified sample, and age-stratified
sample. Numerical values of correlation coefficients were translated into magnitude-based
descriptors, as previously suggested (very low correlation (0.00-0.20), low correlation
(0.21-0.40), moderate correlation (0.41-0.60), high correlation (0.61-0.80), and very high
correlation (0.81-1.00)) [40].

Statistica ver. 14.0 (Tibco Inc., Palo Alto, CA, USA) was used for all calculations, and a
statistical significance of p < 0.05 was applied.

3. Results

The results of the reliability analyses for multiple-trial tests are shown in Table 1. The
highest reliability was obtained for the broad jump test, followed by the sit-and-reach test
and the torso lift test.
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Table 1. Between-testing reliability of the multiple trial fitness tests in preadolescent children
(ICC—intraclass correlation, CI—confidence interval).

ICC 95% CI
Trunk lift 0.66 0.61-0.71
Broad jump 0.91 0.89-0.93
Sit and reach 0.83 0.80-0.86

ANOVA revealed differences among the testing trials for the broad jump (F-test = 14.11,
p <0.01). In general, the test results improved across trials (Trial 1: 127.17 £ 18.9, Trial 2:
131.16 £ 20.97, Trial 3: 134.19 +£ 20.47 cm) but significant post hoc differences (p < 0.05)
were detected only between the first and remaining two trials, indicating stabilization of
the results until the third trial. Similarly, significant ANOVA differences among testing
trials were found for trunk lift (F-test = 6.36, p < 0.01), with significant (p < 0.05) post
hoc differences when the results of the first and second trials were compared to those
of the third trial. Finally, the ANOVA effect was significant for the sit-and-reach test
(F=15.11, p < 0.01), as was the difference between the first and remaining two trials. There-
fore, the reliability and stability of the measurements were evidenced for all multiple-trial
fitness tests.

Figure 2 presents the test-retest correlations for the push-up (Figure 2A), sit-up
(Figure 2B), and PACER tests (Figure 2C).

A Push ups retest = 2.1355 + 0.90890 x Push ups test B Sit ps retest = 1.4976 + 0.78945 x Sit ups test
Correlation: r = 0.75742 Correlation: r= 0.81049
2 2
% ° A 3 o
2 — < 2%
2 -~ 2
2 ° - ° »

Push ups retest
Sit ups retest
>
\

o 0 Y ki N &
g i
o -
s -0 o
2 0 2 4 6 8 10 12 14 16 18 20 2 24 2% 2 4 6 8 10 12 14 16 18 20 2 24 %
Push ups test Sit ups test
PACER retest = 1.7303 + 0.81754 x PACER test
C Correlation: r = 0.79917
13
> 0. 0
- -
1 -~ 2]
o el
10 -2 A
¥ Do .
(¢} o -

PACER retest

PACER test

Figure 2. Test-retest correlations for the push-ups (A), sit-ups (B), and PACER test (C) in
preadolescent children.

The test and retest results for all three tests were significantly correlated, with 64%
common variance in the PACER test, 66% in the sit-up test, and 57% in the push-up test. A
dependent-samples t-test revealed no significant differences between the test and retest
results for any of the single-item tests, altogether indicating the reliability of the single-
trial fitness tests (t test =1.47, 0.91, and 0.90 for sit-ups, push-ups, and the PACER test,
respectively; all p > 0.05).

Descriptive statistics and the results of the Kolmogorov-Smirnov tests for the total
sample are presented in Supplementary Table S1. The results of the two-way ANOVA are



Educ. Sci. 2024, 14, 391 7 of 16

presented in Table 2. Significant main effects for gender were evidenced for the torso lift,
sit-and-reach, PACER, and push-ups. Significant interaction effects were found for the
body mass, body mass index, fat mass, and muscle mass.

Table 2. Two-way ANOVA results for study variables.

Main Effects Interaction

Group Gender Group x Gender

F-Test p F-Test p F-Test p
Body height 3.31 0.07 0.78 0.38 1.53 0.22
Body mass 0.40 0.53 0.29 0.59 5.09 0.03
Body mass index 0.42 0.52 0.05 0.82 42 0.04
Fat mass 0.32 0.57 0.01 0.94 7.86 0.01
Muscle mass 0.86 0.36 0.20 0.65 4.00 0.06
Torso lift 0.47 0.49 14.31 0.001 0.01 0.94
Broad jump 6.05 0.02 2.68 0.11 0.22 0.64
Sit and reach 0.88 0.35 18.82 0.001 0.09 0.76
PACER 1.22 0.29 12.11 0.001 3.47 0.08
Sit-ups 0.73 0.40 0.87 0.35 0.05 0.82
Push-ups 0.56 0.46 7.55 0.01 2.38 0.13
PLAYself 0.46 0.50 0.00 1.00 0.39 0.53
PAQ-C 3.55 0.06 0.23 0.63 1.17 0.28

The descriptive statistics for specific subgroups and post hoc differences are presented
in Table 3. Boys achieved better results than girls in the PACER test (in third grade) and
push-ups (in third and fourth grades). Girls were better than boys in the torso lift and
sit-and-reach test in both grades. In third grade, boys were heavier and had more fat mass
than girls, but the figures were the opposite in fourth grade.

Table 3. Descriptive statistics (means + standard deviations) for study variables according to gender
and age group with post hoc differences (* denotes significant differences between genders, ¥ indicates
significant differences within genders).

Third Grade Fourth Grade
Boys (n =27) Girls (n = 25) Boys (n =27) Girls (n = 28)
Body height (cm) 143.79 + 5.8 143.85 + 6.2 147.42 £+ 6.29 144.93 £ 7.06
Body mass (kg) 36.37 +7.34+¥ 39.1+8.63% 40.54 +8.78 * 36.49 +7.49
Body mass index (kg/mz) 1749 £2.8* 18.83 +3.54% 18.32 £ 3.05 17.24 £ 247
Fat mass (%) 22.86 + 4.08 *¥ 25.78 £ 5.57 25.64 + 6.43 23.55 +£5.2
Muscle mass (%) 43.67 +2.31 42.52 4+ 3.85 42.08 + 3.63 43.26 +2.95
Torso lift (cm) 16.62 + 3.88 * 19.45 + 5.19 17.46 +4.45* 20.48 +3.94
Broad jump (cm) 134.79 + 19.38 131.00 + 13.58 145.71 + 20.63 137.16 £ 22.15
Sit and reach (cm) 4241 +£7.72* 53.00 £+ 15.27 4175+ 11.4* 55.00 4+ 9.69
PACER (ml/kg/min) 56.65 + 6.81 * 50.85 + 4.5 54.63 + 6.5 5232 +£3.9
Sit-ups (reps) 12.24 4+ 8.46 13.82 + 13.92 9.83 £ 6.91 12.32 + 10.17
Push-ups (reps) 897 £6.39* 6.5 £ 6.05 11.73 £ 9.96 * 6.2 +£6.79
PLAYself (score) 71.6 +13.31 73.06 + 10.66 75.18 + 8.69 73.57 + 10.99
PAQ-C (score) 3.38 £ 0.62 343 +£0.68 3.69 £ 0.38 348 £ 0.6

Correlations between study variables for the total sample are presented in
Supplementary Table S2.

Age-stratified correlations with numerical values of Pearson’s correlation coefficients
and corresponding 95% CI between study variables are presented in Supplementary Table S3,
while Figure 3 presents the magnitudes of correlations for the two observed age groups.
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Figure 3. Age-stratified (3rd—3rd grade, 4th—4th grade) magnitudes of correlations between study
variables (BH—body height, BM—body mass, BMI—body mass index, FM—fat mass, MM—muscle
mass, TL—torso lift, Bl—broad jump, SR—sit and reach, PT—PACER test, SU—sit-ups, PU—push-
ups, PLac—physical literacy (affective and cognitive domains) obtained by PLAYself questionnaire,
PA—physical activity obtained by PAQ-C).

In addition to the logical correlations between anthropometric indices (i.e., fat mass
was highly correlated with BMI, body mass was highly correlated with BMI, fat mass was
moderately correlated with body mass, and muscle mass was highly negatively correlated
with fat mass), several important correlations were also found. In third graders, the PACER
test (aerobic endurance) had a low negative correlation with the body mass, BMI, and
body fat, and a low positive correlation with the broad jump. Push-ups were moderately
positively correlated with the broad jump (in fourth graders), while same variables had
low correlations in third graders.

In third graders, PLoc was moderately negatively correlated with the body mass and
body height, and it was moderately correlated with PAL in fourth graders.

Numerical values of the gender-stratified correlations between study variables are
presented in Supplementary Table S4, while the magnitudes of correlations are shown
in Figure 4. This time, apart from logical correlations between different anthropometric
indices in both genders (i.e., high positive correlations between BMI and body mass, and
between fat mass and body mass), other correlations were generally very low to low in
magnitude. Push-ups were moderately positively correlated with the broad jump among
boys, and the PL and PAL had a low positive correlation in girls.
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Figure 4. Gender-stratified (B—boys, G—girls) magnitudes of correlations between study variables
(BH—body height, BM—body mass, BMI—body mass index, FM—fat mass, MM—muscle mass,
TL—torso lift, BJ—broad jump, SR—sit and reach, PT—PACER test, SU—sit-ups, PU—push-ups,
PLac—physical literacy (affective and cognitive domains) obtained by PLAYself questionnaire,
PA—physical activity obtained by PAQ-C).

4. Discussion

This study evaluated the associations between PF, PLoc, and PAL in preadolescent
children. With regard to the main study aims, there were two important findings. First, the
PF was not correlated with PAL in any of the study groups. Second, PAL was significantly
correlated with PLac in girls (mixed ages) and in fourth graders (mixed genders). Therefore,
our first hypothesis must be rejected, while the second one can be partially accepted. Before
discussing the main findings of this study, we will provide an overview of the reliability of
the applied PF tests.

4.1. Reliability of the Physical Fitness Tests in Preadolescent Children

Reliability is a crucial characteristic of any measurement tool since it indicates consis-
tency in measurement [41]. High reliability indicates low measurement error and ensures
there is a stable evaluation of the tested capacity/characteristic [42]. Therefore, in the first
phase of our investigation, we examined the inter-testing and intra-testing reliability of
the applied fitness tests. Studies frequently report the reliability of the fitness tests in chil-
dren, and tests included in the FitnessGram battery are also examined. However, it seems
that studies rarely simultaneously examine the reliability of various fitness tests in early
school-aged children (preadolescent children), including FitnessGram fitness tests [43,44].

Specifically, several studies report a good reliability for the push-ups test, with unsys-
tematic differences in reliability between genders [45,46]. Likewise, the test—retest reliability
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of the curl-up test in 10-12-year-old children is also found to be appropriate [47]. In a study
that involved children aged 8-15 years, the authors examined the reliability of the beep
test performed at a 20 m distance and found a high test-retest correlation and no system-
atic differences between results obtained over two testing sessions [48]. High reliability
was reported even for the broad jump in studies performed with 5-12- and 6-12-year-old
children [49,50]. Finally, in a study performed with 5-12-year-old children, the authors
investigated the reliability of the various FitnessGram tests. They found good reliability for
the curl up, torso lift, 90° push up, and shoulder stretch [43].

Collectively, it seems that our results demonstrating a good reliability for push-ups,
curl-ups, the sit-and-reach test, the PACER test (as a part of FitnessGram battery), and
the broad jump correspond with previous studies performed with early school-aged chil-
dren. This is particularly important considering the characteristics of our participants.
Namely, our study involved children of a relatively narrow age span and, therefore, of
similar biological maturity. On the other hand, in some of the previous investigations, the
participants varied in age (i.e., 5-12-, 8-15-, 6-12-, and 5-14-year-old children) [43,48-50].
Since motor fitness in children is highly influenced by their biological maturity, it is possible
that variations in biological maturity increased the variance of the fitness tests, resulting in
(i) high correlations between tests and retests, and (ii) high reliability in the studied fitness
tests [51].

In brief, the calculation of reliability parameters is based on the level of correlation be-
tween measurements (i.e., testing trials), and correlation is proportional to the (co)variance
of executed trials [52]. Specifically, the higher the (co)variance (which is certainly the case
in samples that include children of a wide age span), the higher the correlation coefficient.
In most common wording, if one (or both) variable(s) have a high variability (large differ-
ences among the individual data points), this can affect the correlation. Large variance can
accentuate the differences between data points and potentially lead to a higher correlation
coefficient. Conversely, lower variability may result in a weaker correlation coefficient.
Therefore, our results on the reliability of the studied fitness tests for the participants of
a narrow age span (and consequently small variance of results) additionally confirm the
reliability of the applied fitness tests.

The simultaneous investigation of the reliability performed here for different fitness
tests allowed us to compare their reliability. Although differences in test type (some tests,
such as beep tests, were performed as single-trial tests, while others, such as the sit-and-
reach, were multi-trial tests) did not allow a precise comparison between them, some
general considerations are still possible. For example, it is clear that the broad jump and
sit-and-reach tests had the highest intra-testing and inter-testing reliability of all applied
tests and, therefore, should be considered highly stable measurement tools. This is probably
a consequence of the fact that these tests are regularly used in the school system as a part of
the PE fitness-testing battery. Also, the tests are simple and performed with standardized
procedures and equipment, which additionally ensure the stability of the measurements
and high reliability [53].

On the other hand, the somewhat lower reliability of the torso lift could be attributed
to the relative non-familiarity of participants and testers with this measurement tool. As
long-term professionals in PE, the authors of this study are quite sure that our participants
had not performed this test prior to this investigation. This almost certainly negatively
influenced the stability of their test achievement in the test and retest. Also, the testers
themselves were introduced to the testing protocol just before the study (i.e., this test is not
included in physical education in the country), which could have altered the consistency of
the testing and decreased the reliability.

4.2. Association between Physical Literacy and Physical Fitness

It seems that most authors who have investigated correlations between PL and PF have
been interested in cardiovascular fitness and its association with PL facets. In particular,
several studies have found a favorable association between cardiorespiratory fitness and
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PLAc in preadolescent children [54]. Meanwhile, it seems that the associations between
various PF indicators (i.e., strength, flexibility, power) and PL have so far been investigated
only in adolescents.

In a recent study, the authors highlighted that adolescents with higher PL ¢ performed
better in strength, power, flexibility, and cardiovascular endurance [55]. However, our
analyses indicated poor relationships between fitness tests and PL ¢ in he studied children.
It is also important that our associations between PF and PL ¢ were low and nonsignificant,
even when all participants were observed as unique samples (i.e., not dividing younger
from older children and/or genders) and in gender- and age-stratified analyses.

The most probable explanation for the lack of correlation between PLac and fitness
tests in our sample can be attributed to biological (sexual) maturity and its influence on PF
in preadolescent children [56]. In general, it is well-known that more biologically mature
children have an advantage in the level of motor performance [57]. Indeed, studies have
repeatedly confirmed that biological maturity is one of the most important determinants of
fitness status in children, with those children who are advanced in maturity status having a
better performance on various fitness tests, including power, strength, and endurance [57].

It is also important to note that biological maturity influences not only the current
level of motor performance of children but also their responses to learning and training
stimuli [57]. In other words, more mature children can tolerate intensive workouts more
effectively and learn better while performing physically demanding exercises. This could
have resulted in the smaller influence of the PLac on PF in our studied participants.

4.3. Correlations between Physical Literacy and Physical Activity Levels

Studies have rarely investigated the associations between PL and PAL in preadolescent
children, and the results have generally been inconsistent. While some investigations
have shown positive correlations, others have found no significant association between
PAL indices and PL in children and adolescents [58,59], while research on preschool
children has found that PL is predictive of PAL in girls but not in boys [60]. Since we
found a significant correlation between PLac and PAL in girls and fourth graders, and
no significant association in boys and third graders, we may say that our results are not
surprising. Possible explanations of such findings are discussed in the following.

There is a substantial body of evidence that structural and organized PA are almost
exclusive sources of PA among girls, while boys are, in addition to organized sports, more
likely to be engaged in unstructured PA (i.e., free play) [61-64]. In other words, girls
are more likely to reach their PAL through organized sports than through non-organized
activity. It is logical that (only) those girls who were engaged in structural activities had
higher PAL and higher results for PLac. This leads to a significant correlation between
PLAc and PAL among girls. Similarly, older children (fourth graders) are less likely to be
engaged in free play, and their PAL is more a consequence of participation in structured
sport activities. Indeed, research consistently shows a decline in free play as children
age, with factors such as daycare attendance, parental fear of risk, and changes in family
structure contributing to this trend [65]. Logically, girls are more likely to follow this
trend. In the meantime, the PAL among boys and younger children is not related only to
structured activities (i.e., sports and PE) but is also a consequence of other unstructured
activities and free play. Although unstructured activities are directly related to higher
PAL, those activities are not likely to influence PLc as much as organized and supervised
participation in structured sports [32,66,67]. Consequently, this results in the low correlation
between PLAc and PAL among boys.

In support of this, previous research has found that youth engaged in sports have
higher PL levels than their peers not involved in sports. Specifically, a study conducted
on adolescents aged 14-18 years from Croatia reported that students who participated in
sports had better PLsc compared to those who did not participate in organized sports [68].
Moreover, a recent study on children aged 9-11 years from Croatia also supported the idea
that sports are an important determinant of PLac, as the years of organized sports training
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were positively associated with PLac [32]. Thus, as sports are an important mediator
in reaching optimal PLc, the finding that girls with higher PAL (which is most likely a
consequence of sports participation) have better PLc is also logical.

One could argue that PE could also positively influence the PL in children. However,
in this study, we are not able to discuss such an influence in more detail. In brief, PE
is a mandatory school subject for all (healthy) children, and we observed only children
who regularly participated in PE classes (please see the Methods section for the inclusion
criteria). Therefore, we could not calculate the eventual differences between the groups of
interest (included vs. non-included in PE).

In explaining gender-specific correlations between PLac and PAL, we should also
highlight differences in social support for physical activity engagement. Specifically, boys
are generally perceived as active and involved in sports and free play, while girls are
more engaged in sedentary activities and play that does not include vigorous movement
activities. In support of this, research shows that during school recess, boys tend to engage
in competitive games, while girls often use the time to socialize with their friends [69].
Moreover, a study on elementary school children found that girls had lower levels of
school-based moderate-to-vigorous physical activity time compared to boys [70]. As we
are actively involved in school activities and observe the situations during school recess
and after-school activities, we can comment that boys are usually involved in various kinds
of vigorous activities during free time, while girls at the same time are sitting, drawing,
playing with dolls, or talking. This altogether could at least partially result in a higher
correlation between PAL and PL in girls than in boys.

4.4. Limitations and Strengths

This study was cross-sectional, and such a design does not allow for a clear interpre-
tation of the causality between variables. Therefore, in order to more precisely evaluate
the possible relationships between PLac, PF, and PAL, intervention studies are needed.
Furthermore, we observed participants from urban communities exclusively, and, therefore,
the results should be generalized only to similar samples. In addition, since only one study
has examined the validity of the PLoc questionnaire in local languages in the region (i.e.,
the territory of former Yugoslavia) so far, we do not have definite proof of the validity of
this measurement tool. Also, in this study, we performed gender-specific and age-stratified
correlation analyses while using simple univariate procedures; in further studies, more
complex (multiple) regression analyses are needed to consider possible interactions be-
tween the variables of interest. Next, the PAL was evaluated by a questionnaire and not
directly monitored, which should certainly be observed as a study limitation. Finally, this
study examined only the affective and cognitive domains of PL, and, in the future, a more
holistic approach is needed in order to evaluate the associations between the observed
factors in more detail.

This is one of the first studies that has examined the associations between PLac,
various indices of PF, and PAL in preadolescents. This represents a valuable contribution to
the literature, and since we included children of a relatively narrow age span, this allowed
for the precise identification of the characteristics of the studied associations. Additionally,
we evaluated PF by using various PF tests, which has rarely been performed previously.
Finally, the gender-specific and age-specific approaches were important strengths of this
investigation.

5. Conclusions

The results of this study confirm the reliability of the applied PF tests in preadolescent
children, including those included in the FitnessGram battery. However, while the reliability
was almost perfect for tests that are regularly used in PE, the results showed lower reliability
for tests that the participants and testers had not performed prior to this study. Therefore,
it is clear that systematic familiarization with the testing procedures is needed in order to
achieve stability and consistency of a PF evaluation in this age group.
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The PF and PLc were poorly correlated in both boys and girls. It is likely that the
more mature children were more successful in the PF tests, which consequently diminished
the eventual influence of PLsc on PF achievement in this age group. In future studies,
larger cohorts of children should be explored, allowing for eventual clustering of the
participants into maturity-homogenous groups and for a more precise evaluation of the
association between PL and PAL.

PAL and PLac were significantly correlated among girls and the older group of
children. The gender difference in participation in structured and unstructured activities
probably explains such findings. Namely, the PAL of the girls and older children is more a
consequence of their participation in structured activities (i.e., organized sport, PE), which
simultaneously increases the PAL and improves the PL.

While this study has made initial process toward defining the correlations between
fitness, physical activity, and PL indices, further intervention studies are needed. Specifi-
cally, it will be important to identify the effects of targeted interventions—aimed at specific
factors (i.e., PL)—on changes in PL, as well as corresponding changes in PF and PAL.
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