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1 Faculty of Education, University of Belgrade, 11000 Belgrade, Serbia; ivko.nikolic@uf.bg.ac.rs
2 Faculty of Education, University of Kragujevac, 31000 Užice, Serbia; slobodan.b.pavlovic@gmail.com
3 Faculty of Education, University of East Sarajevo, 76300 Bijeljina, Bosnia and Herzegovina;

nebojsa.mitrovic@pfb.ues.rs.ba (N.M.); dalibor.stevic@pfb.ues.rs.ba (D.S.)
4 Faculty of Sport and Physical Education, University of Nis, 18000 Nis, Serbia
* Correspondence: vladan.pelemis@uf.bg.ac.rs

Abstract: Background/Objectives: The aim of this research was to determine the differences in
physical fitness according to the level of physical activity (PA) during physical education classes
in 10-year-old school children. Methods: The research included 315 primary school children (age
10 ± 1.3 years), divided into three groups by level of PA: low, moderate and high. A Eurofit test
battery was used to evaluate the physical fitness of children. Physical activity (volume (number of
steps) and intensity) was measured using a Coach Gear pedometer and a Suunto Memory Belt heart
rate monitor. Results: Presented results indicate that there are significant differences between groups
of children of both genders in relation to the level of PA. Group of boys with low PA showed lower
values in sit and reach (p = 0.01), standing long jump (p = 0.02), bent arm hang (p = 0.04) and polygon
backwards (p = 0.01) compared to the remaining two groups. Girls with low physical activity showed
significant differences in sit and reach (p = 0.01) and bent arm hang (p = 0.01) compared to the other
two groups, while in hand tapping, the high PA group showed better results compared to the other
two groups (p = 0.03). Conclusions: The results reported in this research support the significant
effects of PA level on physical fitness in school children. Less active children generally showed poorer
physical fitness in both genders.

Keywords: movement; motor skills; primary education; influence

1. Introduction

The quality of physical education (PE) teaching, as foreseen by the curriculum, is met
with numerous problems and difficulties in its realization on a daily basis. On the one hand,
problems arise from the lack of material resources for realization of PE, which primarily
refer to inadequate space for classes, lack of equipment and teaching requisites, and on
the other hand, problems are closely related to the quality and structure of classes [1]. An
important prerequisite for PE to truly facilitate healthy growing up and prepare children
for an active lifestyle is their full engagement and activity in PE classes.

Given the fact that physical activity (PA) is a key feature of PE classes, through PA
and in its context, children learn motor skills, learn about PA, get to know themselves
and their abilities, communicate with other children in school and develop social skills.
Participating in PE classes helps students enhance their physical fitness, and the PA they
engage in during these classes contributes to meeting the minimum recommended daily
PA level which is at least 60 min each day [2]. Pupils’ achievements in PE classes depend
on a number of factors, with the time spent exercising and physically active as one of
the most important ones. Pupils effectively acquire motor competence, improve physical
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fitness, gain positive exercise experiences and build essential confidence only through active
participation in class [3]. Consequently, it is necessary for pupils to be adequately engaged,
and that primarily refers to the extent and intensity of their activity [4]. The recommended
level of moderate-to-vigorous PA in PE classes is 50–80% of teaching time, i.e., the total
duration of the class [5]. According to van Sluijs et al., PA is essential in childhood due to
its profound effects on both immediate and long-term health outcomes. Authors stated that
engaging in regular PA supports not only the development of fundamental motor skills,
cardiorespiratory fitness and muscular strength, but also has an impact on lowering the
risk of chronic diseases such as cardiovascular disease, obesity and type 2 diabetes, affects
mental health, enhances self-esteem and improves cognitive function [6].

Physical fitness in children is strongly correlated with their level of PA, with evi-
dence suggesting that more active children exhibit enhanced fitness across multiple do-
mains, including cardiovascular health, strength and flexibility [7]. Engaging in regular,
moderate-to-vigorous physical activity is associated with improvements in aerobic capacity
and muscular fitness, which are essential for growth, motor development and long-term
health [8]. Studies utilizing objective measurements, such as pedometers and heart rate
monitors, indicate that children with higher daily step counts and increased intensity levels
display superior physical fitness outcomes [6]. Furthermore, PA in childhood is linked to a
reduced risk of developing obesity and metabolic disorders, as well as promoting positive
psychological benefits, such as improved self-esteem and mental resilience [9].

Although the relationship between PA and physical fitness in children has been well
documented, there are still several gaps in understanding how PA levels during PE classes
specifically contribute to fitness outcomes. Much of the existing research focuses on overall
daily or weekly activity, neglecting the unique role that structured PE classes play in
children’s physical development. Additionally, the variability in PE curricula and the
way PA is implemented across different schools, school equipment and regions is often
overlooked, making it difficult to generalize findings. Furthermore, while some studies
touch on gender differences, the specific ways boys and girls may respond differently to
the same levels of PA during PE remain underexplored [10]. Another critical gap lies in
the reliance on self-reported data or general fitness assessments, with few studies utilizing
objective tools, such as pedometers or heart rate monitors, to measure PA during PE.
One of the structural problems affecting the functioning of PE in primary schools can be
alleviated by determining the level of PA for boys and girls [11]. In order to achieve the
full effectiveness of PE, the intensity and volume of physical activity of students must
be determined at that level, at which they will leave traces of adaptation to new higher
loads. While prior studies have explored PA during school hours or in leisure time, limited
attention has been given to examining the specific contribution of PE classes to meeting
recommended PA levels and improving fitness outcomes in children. Our study addresses
this gap by providing a comparative analysis of physical fitness based on varying activity
levels during PE classes. This research should answer questions about what happens to the
physical fitness of school-aged children after assessing their level of PA in PE classes. The
findings could influence new curriculum planning in PE in schools, which would have a
better effect on the anthropological status of children. Therefore, the aim of this research
was to determine the differences in physical fitness of children in relation to the level of
their PA in their PE classes.

2. Materials and Methods
2.1. Participants

The research included 315 school children from primary school (ages 10 ± 1.3 years),
of which 177 were boys and 138 were girls. Participants were selected by random sampling
from the territory of western Serbia. They were divided into three groups based on the level
of PA determined in PE classes (low; moderate; or high). All children regularly attended
PE classes in schools three times a week, with each class lasting 45 min. Children were
excluded from the study if the pedometer or heart rate monitor failed to provide accurate
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or complete data due to improper use or there were missing measurements. Additionally,
any child who did not fully participate in or complete the PE class (e.g., due to early
departure, illness, injury or refusal to continue) was excluded from the analysis to maintain
the reliability of the results. Classes were held according to the prescribed curriculum.
School authorities and parents were informed of the purpose and content of the research
and their written consent was ensured, in accordance with the Convention on the Rights
of the Child. Parents of children were provided with a survey questionnaire prior to the
realization of the research, outlining the plan and course of the study, and they authorized
research on their children with their signatures according to the Declaration of Helsinki.
The research was approved according to the decision of the Ministry of Education, Sciences
and Technological Development of the Republic of Serbia (number 149-32/2022), which
includes testing of physical fitness, anthropometric measurement and surveying of primary
school children.

2.2. Procedures

The research was conducted in the 2022/2023 school year, during the months of March,
April and May, as part of regular PE classes in five elementary schools in western Serbia.
The measurement of body composition parameters was firstly carried out, followed by
physical fitness testing. After that, PA of the children during PE classes was measured.
Teaching units were largely based on sports games. During all students’ activities in PE
classes, care was taken to minimize the teachers’ direct influence on the level of engagement,
that is, on the PA of the students. Accordingly, appropriate methods and forms of class
work were selected. Emphasis was placed on movement tasks that allow students to
independently determine how active they will be in class.

Basic anthropometric measures were selected as a sample of measuring instruments:
(1) body height (cm) was measured using a Martin anthropometer and (2) body weight
(0.1 kg) was measured by the InBody 230 (Biospace Co., Ltd., Seoul, Republic of Korea).

Body composition was assessed using (1) total muscle mass (0.1 kg), measured by the
InBody 230 (Biospace Co., Ltd., Seoul, Republic of Korea) and (2) total body fat (0.1 kg),
measured by the InBody 230 (Biospace Co., Ltd., Seoul, Republic of Korea).

BIA analysis is a rapid, non-invasive method for assessing the body composition, in
field and clinical settings. It has been used in previous research studies on a similar sample
of participants [12] and has proven to be valid and reliable. The authors also state that it
has become a reference method in research studies of body composition analysis and that
in comparison with DEXA, InBody (Biospace Co., Ltd., Seoul, Republic of Korea) has been
shown to produce highly accurate (r = 0.974) results.

The standardized physical fitness test battery Eurofit, with good metric character-
istics, was applied in the research [13]. The following tests were applied: for body
coordination—Polygon backwards (0.1 s); for explosive strength—standing long jump
test (cm); for speed—running 20 m (0.1 s); for arm and shoulder strength—bent arm hang
(0.1 s); for movement frequency—hand tapping (freq.); for flexibility—sit and reach (0.1 cm);
and for repetitive core strength—sit ups (freq.).

Physical activity (volume (number of steps) and intensity) of students in PE classes was
measured using a CoachGear pedometer and a Suunto Memory Belt heart rate monitor [3].
This device is a newer-generation device and is a reliable heart rate monitor. It is easy to use
and does not require lengthy training for application. Before use, the following values are
entered into the device: age, body mass and body height. The device is then attached to the
chest area with an electrode in the middle. The beep confirms that the unit is operational.
When the measurement is complete, the device data are read by a reader and directly
transmitted to the computer. The device has a graphic record of pulse values during PA as
well as time spent in different intensity zones. Intensity zones are set in such a way that
three categories (zones) of PA are defined: low-intensity zone (light physical activity, abbr.
LPA = resting heart rate + x < 25% of resting heart rate value); moderate-intensity zone
(moderate physical activity, abbr. MPA = resting heart rate + 25% + x < 50% of resting heart
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rate value); and high-intensity zone (vigorous physical activity, abbr. VPA = resting heart
rate + x > 50% of resting heart rate value). The boys took an average of 2321 steps and
engaged in vigorous physical activity (VPA) for a total of 22.05 min. On average, they spent
the same amount of time completing low- (LPA) and moderate-intensity (MPA) activity
(11 min each). On average, the girls were engaged in high-intensity physical activity (VPA)
for about 21 min, that is, 12 min each in low- and moderate-intensity physical activity
(LPA, MPA). As a representative indicator of intensity of a pupil’s PA in class, total time
spent by the student in the zone of vigorous physical activity (VPA) was used for further
analyses. By placing the device in the middle of the chest and putting it into operation, the
resting heart rate was recorded. These values determined exercise intensity zones. Each
intensity zone was related to a certain degree of exertion, which pupils achieved during
PE activities. The upper limit of the low-intensity zone (light physical activity—LPA) was
obtained when the resting heart rate value was summarized with a value that is less than
25% of the resting heart rate. Further, the moderate-intensity zone (moderate physical
activity—MPA) was obtained by summarizing the resting heart rate values and heart rate
values in the range of 25–50% of the resting heart rate, whereas the zone of intense physical
exercise was obtained by summarizing the resting heart rate values and values greater than
50% of the resting heart rate. Children were divided into the three zones according to the
method of Pate et al. [14].

2.3. Statistical Analysis

Statistical analyses were performed using the SPSS software version 23 (v21.0., SPSS
Inc., Chicago, IL, USA). Since the variables of volume and intensity of students’ PA, which
were estimated in PE classes, come from different metric spaces, their standardization was
necessary. Pupils’ groups were determined using the squared Euclidean distance index of
both variables mentioned above with Ward’s hierarchical cluster analysis method. Basic
descriptive statistics were established for all variables and mean and standard deviation
(SD) were used for analysis and comparison. Given the fact that it was necessary to examine
group differences at the level of the entire sample of boys and girls in the tested variables
(determining differences in physical fitness and body composition), a multivariate analysis
of variance (MANOVA) was used, and individual statistically significant differences were
determined by univariate analysis of variance (ANOVA).

3. Results

Tables 1 and 2 give an overview of the division of groups using Ward’s hierarchical
clustering procedure of grouping participants. Differences in physical fitness and body
composition between the gender-formed groups were determined using multivariate
analysis of variance and individually for each variable using univariate analysis of variance.
The results presented in Tables 1 and 2 indicate that there are differences between the
groups of male and female respondents, so both tables are summarized and presented in as
short a form as possible.

Table 1. Descriptive statistics and differences between groups in boys.

Low
PA

Moderate
PA High PA

Variable (n = 45) (n = 65) (n = 67) f p

M SD M SD M SD

Body height (cm) 144.52 11.32 143.53 6.78 149.64 9.21 0.74 0.39
Body weight (kg) 39.22 8.11 37.38 8.06 38.21 8.67 0.02 0.89

Muscle component (%) 13.89 3.23 15.17 2.68 16.22 3.13 1.75 0.01
Fat component (%) 9.39 6.13 8.34 4.69 8.01 3.91 8.05 0.01

Running 20 m (0.1 s) 4.91 0.66 4.33 0.42 4.19 0.25 2.76 0.10
Polygon backwards (0.1 s) 25.88 9.44 23.67 8.08 22.55 7.69 8.08 0.01
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Table 1. Cont.

Low
PA

Moderate
PA High PA

Variable (n = 45) (n = 65) (n = 67) f p

M SD M SD M SD

Hand tapping (freq.) 37.03 10.10 39.07 9.09 41.15 9.65 2.99 0.09
Seated forward bend (cm) 45.54 9.37 50.50 9.30 52.03 8.77 9.69 0.01
Standing long jump (cm) 134.11 19.87 140.96 20.55 145.09 17.49 13.35 0.02

Bent arm hang (0.1 s) 8.87 7.17 11.20 9.84 13.08 8.88 2.52 0.04
Sit ups (freq.) 27.44 6.55 29.78 7.19 31.25 6.79 1.27 0.10

F = 6.98 P = 0.01

Legend: M—arithmetic mean, SD—standard deviation, f—univariate F test; p—level of statistical significance of
univariate F test; F—multivariate Wilks’ F test; P—statistical significance of multivariate F test.

Table 2. Descriptive statistics and differences between groups in girls.

Low
PA

Moderate
PA High PA

Variable (n = 47) (n = 59) (n = 32) f p

M SD M SD M SD

Body height 140.69 6.66 142.79 7.44 142.64 9.12 1.12 0.29
Body weight 39.56 8.91 36.56 7.84 37.21 8.76 0.28 0.03

Muscle component 12.16 3.78 14.26 4.69 14.22 3.31 3.11 0.08
Fat component 9.71 1.99 9.00 2.62 8.01 3.19 3.99 0.02
Running 20 m 4.89 0.45 4.49 0.44 4.25 0.24 1.57 0.11

Polygon backwards 27.10 7.11 25.30 8.10 23.45 7.69 1.61 0.27
Hand tapping 36.27 8.33 37.87 8.42 39.15 9.55 6.71 0.03

Seated forward bend 52.84 11.10 54.94 10.58 56.03 8.22 2.59 0.01
Standing long jump 131.31 20.20 134.13 19.11 141.09 16.49 0.45 0.50

Bent arm hang 6.78 9.17 9.28 8.50 11.08 7.16 2.03 0.01
Sit ups 27.36 5.49 28.46 6.59 30.25 4.79 3.05 0.08

F = 4.59 P = 0.00

Legend: M—arithmetic mean, SD—standard deviation, f—univariate F test; p—level of statistical significance of
univariate F test; F—multivariate Wilks’ F test; P—statistical significance of multivariate F test.

The group of boys with low PA (values shown in Table 1) showed the lowest average
values of physical fitness compared to the remaining two groups. Specifically, the group
of boys with low PA showed lower values in sit and reach (p = 0.01), standing long jump
(p = 0.02), bent arm hang (p = 0.04) and polygon backwards (p = 0.01) compared to the
remaining two groups. It can be seen from Table 1 that the group with high PA showed
better results in physical fitness in comparison with groups with low and moderate PA.

The group of girls with high PA showed the highest average values for physical fitness
in all measured variables, while the group with low PA showed the lowest scores compared
to the other groups tested (Table 2). Specifically, girls with low PA showed significant
differences in sit and reach (p = 0.01) and bent arm hang (p = 0.01) compared to the other
two groups, while in hand tapping, the high PA group showed better results compared to
the other two groups (p = 0.03).

4. Discussion

The aim of the current research was to analyze the differences in physical fitness of
10-year-old school children in relation to the level of their PA in PE classes. The results
presented indicate that there are differences between the groups of children in both genders
in relation to the level of PA. Moreover, differences were more pronounced in boys than
girls as indicated by separate analyses conducted for each gender. This difference could
be explained to some extent at this age by the greater influence and amount of PA that
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boys exhibit and by the variety that is present in their extracurricular activities, and in
most cases, it is carried out in the forms of polystructural and complex physical activities.
Girls’ PA in extracurricular activities is somewhat different for their needs, and in most
cases at this age, it is based on esthetic sport activities, as confirmed by the findings [15].
Further, boys tend to engage in higher-intensity physical activities and sports outside of
school more frequently, which further enhances their fitness levels. Additionally, boys
are often encouraged to participate in competitive and physically demanding activities,
whereas girls may engage in more moderate-intensity activities, which could influence
fitness outcomes.

Regarding the body weight status of boys and girls, body weight did not represent a
significant predictor in which differences were observed between groups of boys according
to the level of PA. Opposite findings were reported in girls, where these differences exist for
body weight. Research shows that boys tend to be more physically active than girls, which
may account for differences in body weight and composition between genders [16]. Studies
have demonstrated that boys generally engage in higher levels of moderate-to-vigorous
physical activity, both in and outside of school, compared to girls [17,18]. This increased
activity in boys is likely a contributing factor to their lower body fat percentages and greater
muscle mass, as regular PA promotes healthier body composition by increasing energy
expenditure and promoting muscle development. In contrast, girls’ lower PA levels may
contribute to higher body fat accumulation, resulting in differences in body weight status
between the sexes.

As already mentioned, PA in class was measured by distance covered (number of
steps) and intensity (time spent in the intensive physical activity zone). Viewed through
body composition (fat and muscle component), differences were observed in boys with
respect to the level of PA, which is in line with previous findings [3]. Such an indicator is not
surprising, since in relation to each other, a higher percentage of muscle mass and a smaller
fat component is a prerequisite for greater general physical activity and, consequently, PA
in PE classes. Less fatty tissue and a more muscular type of build, free of undesirable excess
body weight, would allow an individual to potentially be more capable of greater PA, as
confirmed by this research. In girls, differences are defined only in the fat component,
while in the muscular component, they are not. However, in girls, when differences in
body weight are added, it is concluded that body voluminosity is a characteristic that
significantly differentiates the level of PA during PE, which has been confirmed in some
studies [19,20]. The fact that boys do not differ in body weight in relation to the level of PA
in PE classes is in some ways an unusual occurrence. It can be said that boys are generally
more motivated, in the broadest sense [21], to perform physical activities and activities
in PE classes, and therefore body weight did not represent a characteristic by which boys
would differ. The observed average values of muscle and fat components in boys in which
they differ from one another indicate more intense processes of growth and development
in this age period. The distribution of fatty tissue at this age depends on hormones and
shows the role of gender. There is relatively more fat in girls than in boys, so by examining
the arithmetic means of the groups between the genders, a higher level of total fat in girls
can be observed. This is due to the early entry of girls into the phase of intense growth and
development, which at this age is manifested by slightly higher values of total fat in the
body, and soon there will be a phase of longitudinal dimensionality and bone growth in
length in girls. This is justified by the fact that the cells before the growth phase are first
filled with fat as a type of fuel that they will use to expand bone growth in length [22].

Understanding the impact of PA levels on children’s physical fitness is essential for
developing targeted interventions aimed at promoting health through active lifestyles.
Schools, families and communities play an integral role in fostering environments that
support regular PA for children, particularly given the increasing prevalence of sedentary
behaviors driven by technology use. Children in the current study showed differences
in physical fitness according to the level of PA in PE class. Specifically, boys showed
differences in coordination, flexibility, explosive and static strength, while girls differed
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significantly in movement speed, flexibility and static strength. It is interesting to note that
differences in both genders are most pronounced in flexibility. The least active children
had the lowest flexibility scores, which is in line with some previous research [20]. More
active children are more flexible due to their movement experience, because with adequate
movement amplitude, they are more likely to achieve higher levels of PA in the PE class [23].
Regarding the bent arm hang test and the strength of the arms and shoulder, there is also a
difference in both genders. The group which was the least active in PE classes achieved the
lowest average values on the test. Perhaps the reasons for these results are supported by the
fact that less active children had a higher percentage of fat component and girls also had
greater body weight, which led to poorer results on the arm and shoulder strength test [24].
Differences in coordination were manifested in boys, while in girls, these differences were
not observed. It is noticeable that boys from the group that was the least active had the
poorest results in the coordination test, which suggests that coordination is a significant
factor in manifesting differences in the level of PA of pupils in PE class [25].

The reason for this may be found in the fact that more physically active boys have
a richer movement memory, which enables them to cope better with newly acquired
movement tasks [26]. Some children have an “active phenotype”, while other children
are less physically active, regardless of their environment. Children may differ according
to the internal mechanisms of biological control of PA [27]. It should also be noted that
the findings to date indicate that persons with a higher percentage of fat component
and reduced PA are lagging behind in coordination with the population of normally
nourished people [28]. According to the author, the reasons for these findings are because
overweight individuals have a problem with the integration and processing of sensory
information, which results from impairment in the functioning of perceptual gestalt motor
functions. What is emerging as a general view in most research is that if one assesses
coordination that requires engagement of larger body segments or movement of the whole
body, overweight individuals achieve poorer results [29,30]. Differences in the segmental
speed of movement were observed in girls, while they were absent in boys. Girls from
the least active group had, on average, lower scores than the other two groups, which
suggests that the level of PA influences the expression of differences in measuring the speed
of individual movements in girls, which is in agreement with some studies [31]. When it
comes to explosive strength of the lower extremities, differences were observed in boys
but not in girls. Also, it should be noted that boys from the group of least active students
had the worst results in the expression of explosive strength of the lower extremities. This
fact leads to the conclusion that more active boys in groups completing moderate- and
high-intensity exercise possessed greater leg strength, which further means that greater
engagement in the class can stimulate greater lower extremity strength [32]. These results
are not surprising given the fact that in this study, PA was measured by engagement of the
lower extremities. Due to the increased PA of the most active group, compared to the other
two groups of children, development of lower extremity strength probably occurred. Pupils
from the most active group, through various forms of movement in PE classes, primarily
realizing higher intensity of PE, initiated the development of lower extremity strength,
where differences were also noted.

A potential limitation of this study is that it focuses solely on PE during PE classes,
which may not fully capture the overall PE levels of children throughout the day, such
as during free play or extracurricular activities. The cross-sectional design limits the
ability to establish causal relationships between PE and physical fitness, and the lack of
longitudinal data prevents the assessment of long-term effects. Another limitation is the
potential influence of unmeasured variables, such as socioeconomic status, nutrition or
home environment, which could impact both PE levels and fitness outcomes. Finally, the
study sample may not be fully representative of all school children, limiting the general-
izability of the findings. However, the study has its strengths and practical implications.
Observations made in this research highlight the potential importance of encouraging PE
during PE classes, on the basis that differences in physical fitness are manifested in younger
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school-aged children, in order to achieve more efficient organization and management of
PE classes. Proper application of the PE level, primarily by dosing, can significantly affect
biological growth and development of children.

5. Conclusions

The results reported in this research support the significant effects of PA level on
physical fitness in school children. Less active children generally showed poorer physical
fitness in both genders. Based on the above facts, it is necessary to carry out a certain
analysis of the realization of PE classes and to plan them adequately. The results high-
light the importance of regular PE in improving children’s physical fitness. Additionally,
our findings provide teachers with specific insights into both the quantity (e.g., optimal
frequency and duration) and quality (e.g., diversity and structure) of physical activities
suitable for this age group. Accordingly, PE teachers need to effectively promote PE in
education classes, aiming to support children’s healthy development and prepare them for
an active lifestyle.
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