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Background: Physical activity (PA) during the school day is crucial for the health 
and well-being of adolescents. This study examines the impact of the COVID-19 
pandemic on youth PA patterns to better understand these changes and to 
provide guidelines for school programming.

Methods: Differences in PA within specific segments of the school day were 
examined before and after the pandemic using the Youth Activity Profile 
questionnaire. Participants included 956 boys and 1,317 girls from 21 high 
schools. The study involved 12 Czech and 9 Polish high schools before the 
pandemic and 9 Czech and 8 Polish high schools after the pandemic.

Results: Both Czech and Polish boys and girls exhibited significantly less 
transportation PA to and from school and reduced PA during the school day 
after the pandemic compared to before. Additionally, Czech and Polish boys 
were significantly less physically active during school breaks, and Czech boys 
and girls had notably less PA during physical education lessons. The pandemic 
disrupted the habit of regular PA on school days, particularly evident in the 
decline of PA to and from school.

Conclusion: The study confirms a significant difference in PA of Czech and 
Polish adolescents in various segments of the school day after students return 
to school following pandemic restrictions. Promoting achievement of the 
recommendations in the segments of the school day and in comprehensive 
school PA programs should be an important part of school health and education 
policy and public health promotion for adolescents.
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1 Introduction

Worldwide, 81% of adolescents aged 11–17 years are insufficiently physically active (1). 
Schools therefore play an important role in ensuring that youth achieve recommended levels 
of physical activity (PA) and build habits for lifelong PA (2, 3). Active lifestyle in schools, along 
family and community involvements, is crucial for supporting healthy lifestyle in adolescents 
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(4). Schools are most effectively positioned to influence the vast 
majority of children and youth during this critical period of their 
development (5). Thus, schools have an opportunity and obligation to 
positively influence student’s psychological (6), physical (7) and social 
development during this “sensitive” developmental period (8). The 
school curriculum is the fundamental pillar for creating good work 
habits (9), realizing one’s own identity in the educational process (10) 
and realizing the importance of one’s own responsibility in the 
approach to a healthy lifestyle (11). However, it is also important to 
recognize the importance of school PA in compensating the 
educational load (12). Schools that promote PA across the day provide 
a better learning environment while also providing the opportunities 
youth need to meet public health guidelines. To ensure long-term 
habits are formed, schools also need to help youth to build cognitive 
and behavioral skills needed to PA (13). The benefits of regular PA for 
well-being are well documented (14) and school PA helps to ensure 
that adolescents recognize the feelings of satisfaction from PA and also 
transfer them to extracurricular PA (15, 16).

A critical need in youth PA promotion is to better understand the 
patterns of PA across a week and the relative contribution of PA that 
comes from segments of the school day as well as from home activities. 
The distribution of PA in individual school days of the week, together 
with weekend days, must be considered when creating comprehensive 
school PA programs and when creating weekly curriculum programs 
for physical education (PE). For example, Czech and Polish 
adolescents indicate most PA on Fridays (17, 18) and the least amount 
of PA on weekend days (19). This information can aid in planning PE 
and school programming.

School PA programming should provide opportunities for PA 
across the school day, but the most important contributor is PE (20). 
PE lessons help in building the motor skills for coping with new PAs 
in the future and creating habits for safe PA performance (21). It is still 
unclear, whether PE lessons are able to respond to accelerating 
changes in the lifestyle of adolescents and to respond to significant 
societal changes as well (i.e., the non-participation of adolescents in 
PE lessons). In an overview of 67 countries, Martins et  al. (22) 
demonstrated that 18.2% of adolescents do not participate in PE 
lessons. In addition, we have evidence of decreasing level of assessment 
of PE lessons by Czech and Polish adolescents (23), as well as not 
meeting the recommendation of spending 50% of time in moderate 
to vigorous PA in PE lessons. Hollis et al. (24) reported that 35.9% of 
high school students achieved the moderate to vigorous PA level of 
intensity during PE lessons and Frömel et al. (25) reported only 25.2%. 
The compensatory role of breaks is unquestionable, but even with a 
total duration of 60 min they cannot replace PE lessons (26).

It is positive that there is global agreement on daily PA 
recommendations of at least 60 min of moderate to vigorous PA per 
day, supplemented by vigorous-intensity aerobic activities, as well as 
those that strengthen muscles and bones (27). Most PA 
recommendations focus on daily or weekly PA recommendations or 
PA related to school, especially active transport to and from school 
(14). The most well-known recommendations are trips to school of 1 
mile and trips made by bicycling to school of 2 miles (28). A more 
comprehensive draft recommendation on PA in segments of the 
school day is based on Central European settings and has been applied 
in recent years (25).

The long-term global decline in adolescent PA (29) clearly 
worsened during the COVID-19 pandemic (hereafter referred to as 

the pandemic) (30–33). The pandemic demonstrated important 
deficiencies in the preparation of students for individual and home 
PA, for compensating the distance learning through PA, and for 
maintaining fitness levels when organized PA was interrupted (34). 
Schools were also not ready to provide PA with attractive online PE in 
distance education (32).

To address these issues in the future, it is important to better 
understand how the pandemic shifted overall PA patterns in youth 
and how this shifted when returning to the habitual curriculum after 
the pandemic.

Verification of research findings in different educational systems 
could support the strength of the evidence. PE is compulsory in both 
countries, but in Poland it is usually 3 h of PE per week, while in the 
Czech Republic it is 2 h per week. A higher number of weekly PE 
hours in Poland is positively associated with higher vigorous PA in 
adolescents (35). Similar is the excusing from PE for medical reasons, 
and the undesirable excuse for non-participation in PE. PE curricula 
are very similar, but in Poland there is a greater focus on performance 
sport in schools, which is related to the single-discipline professional 
focus of PE teachers. In the Czech  Republic, teachers are mostly 
endorsed to teach PE and another subject.

Thus, the aim of the study is to determine the differences in the 
PA structure of Czech and Polish boys and girls in school days before 
and after the pandemic (after the end of pandemic restrictions in 
schools). The study capitalized on the time segmentation capabilities 
of the Youth Activity Profile (YAP) questionnaire to quantify 
differences and to propose a guideline for feedback information 
to schools.

2 Materials and methods

2.1 Study design and participation

We carried out the research in Czech and Polish high schools in 
two-year stages. In the years 2019–2020 (before the pandemic 
restrictions) and in the years 2021–2022 (after the end of nationwide 
restrictions and the gradual return of schools to the standard 
curriculum). Research before and after the pandemic was conducted 
in two seasons: autumn (September–November) and spring (March–
May). Before the pandemic, we  contacted high schools in the 
Czech  Republic and Poland that cooperated regularly with the 
universities (12 Czech and 9 Polish schools agreed to participate). In 
the second stage, after the pandemic, we approached schools that had 
returned back to full-time education, as close as possible to a standard 
curriculum. These were different high schools than before the 
pandemic, but they were schools of the same type, size and regional 
distribution. (9 Czech and 8 Polish schools). Infrastructure in terms 
of school equipment was similar in both Czech and Polish schools.

Data were collected from 1,385 youth (aged 15–18) before the 
pandemic (833 girls and 552 boys) and from 888 youths after the 
pandemic (484 girls and 404 boys). Only 5% of boys and 5% of girls 
were overweight or obese (< 25 kg/m2). The descriptive statistics of the 
samples from the two countries are provided in Table 1. This is a 
stratified and quota-based set of schools and classes/groups of pupils 
selected for purpose. We selected groups of students at the schools on 
the date set by the school management, but in such a way that they had 
an information technology lesson in the computer lab included in the 
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regular curriculum and there was no extreme weather in the week 
under consideration. All participating students and their parents 
signed informed consent. At the schools before the pandemic, more 
than 90% of the students surveyed agreed with the research, and after 
the pandemic, 10–15% of the students at two Czech and three Polish 
schools disagreed.

The entire research was performed by the same research teams in 
both countries, always accompanied by a responsible administrator 
designated by the school management. School administrators were 
informed of the process of data anonymization (using codes) in the 
web application “International Database for Research and Educational 
Support” (Indares)1 and the processing of average group results for the 
needs of the schools involved.

2.2 Measure

The established Youth Activity Profile (YAP) questionnaire (36, 
37) was used to assess the level of school-based PA of adolescents. The 
Czech and Polish versions were translated in accordance with the 
requirements of the EORTC Quality of Life Group (38). As part of the 
standardization of the Czech version of the questionnaire, 
we  conducted monitoring of PA with accelerometers (ActiGraph, 
GT9X LINK and wGT3X+, ActiGraph Corp., Pensacola, FL, USA), 
and reported validity coefficient in the range of rs = 0.40–0.49 (39). On 
school days, a 10% equivalence zone of agreement was determined by 
the equivalence test. The final versions of the questionnaires are 
available in electronic form on the Indares web application.

The questions of the YAP are designed based on a five-point Likert 
scale. Questions about PE lessons, breaks and lunch breaks also 
include the option to answer that this event did not appear in the 
school schedule. The questionnaire includes six questions on the 
characteristics of the respondent in terms of attitudes to PA and 
PE. The basic questions are: “I enjoy doing physical activity” and “I 
enjoy physical education.” Also, two questions about transport PA: 
travel to school and from school – 0 days (never), 1 day, 2 days, 3 days, 

1 www.indares.com

4–5 days (most every day). Three questions about school PA: Activity 
during PE lessons –” I did not have PE, almost none of the time, a little 
bit of the time, a moderate amount of time, a lot of the time, almost all 
of the time“. Activity during breaks/study hall and activity during 
lunch breaks –” I did not have breaks, almost none of the time, a little 
bit of the time, a moderate amount of time, a lot of the time, almost all 
of the time“. And also, three questions about PA outside of school at 
least 10 min: Activity before school, activity after school and activity 
on evenings – 0 days, 1 day, 2 days, 3 days, 4 to 5 days. Other questions 
of the questionnaire are focused on PA on Saturday and Sunday and 
on sedentary habits.

This study focused only on the analysis of data representing school 
PA and school-related PA. The subjectively reported height and weight 
of the respondents was checked by the teacher but was only used to 
characterize the population. We  evaluate individual PA levels in 
segments of the school day, as well as aggregated school PA (PE 
lessons, breaks and lunch breaks), aggregated outside school PA (to 
and from school, before and after school) and aggregated PA in the 
school day (before and after school, to and from school, school PA), 
always as a sum of points according to the Likert scale. For PA in the 
segments of the school day, based on the results of the research, we set 
target recommendations for PA in the individual segments of the 
school day. Emphasis was placed on interpreting raw YAP point scores 
instead of converted time estimates since the focus was on the overall 
changes and not for surveillance purposes.

2.3 Data analysis

For statistical analyses the software Statistica version 14.0.0.15 
(StatSoft, Prague, Czech Republic) was used. We used basic descriptive 
statistics to characterize the file, Kolmogorov–Smirnov and Lilliefors 
tests to assess normality, and the Mann–Whitney U test to determine 
differences in PA in the segments of the school day before and during 
the pandemic. Furthermore, the Kruskal-Wallis ANOVA test was used 
for the summary assessment of school PA, outside school and total PA 
on school days. Differences in achieving goals in PA in segments of 
the school day were assessed by cross-tabulation. The ŋ2 and r effect 
size coefficients were evaluated as follows: 0.01 ≤ η2 < 0.06 
(0.1 ≤ r < 0.3) small effect size, 0.06 ≤ η2 < 0.14 (0.3 ≤ r < 0.5) medium 

TABLE 1 Sample characteristics.

Characteristics Pandemic n Age
(years)

Weight 
(kg)

Height
(cm)

BMI
(kg·m−2)

PEL
(n/week)

TL
(n/week)

M SD M SD M SD M SD M SD M SD

Boys CZ
Before 266 16.2 1.8 67.7 13.5 175.7 9.5 21.8 3.3 1.8 0.8 1.7 2.1

After 258 16.3 1.1 67.8 11.4 178.1 8.0 21.3 3.1 1.3 0.7 1.7 2.1

Boys PL
Before 286 15.2 1.7 63.5 14.4 171.6 11.2 21.3 3.3 3.2 0.9 2.2 2.1

After 146 15.5 1.0 65.4 12.2 175.8 8.1 21.1 3.1 2.3 0.8 1.8 2.0

Girls CZ
Before 500 16.6 1.7 58.1 8.6 166.3 6.6 21.0 2.8 1.7 0.7 1.1 1.5

After 269 16.0 1.3 58.5 9.7 167.4 7.1 20.8 2.9 1.2 0.5 1.3 1.7

Girls PL
Before 333 15.2 1.7 54.8 10.2 163.0 6.4 20.6 3.2 2.9 0.9 1.7 1.9

After 215 15.9 1.1 55.9 8.7 165.6 5.8 20.3 2.8 2.2 0.8 1.1 1.5

M, mean; SD, standard deviation; BMI, body mass index; CZ, Czech Republic; PL, Poland; PEL, physical education lessons; TL, after-school sport training lessons or organized PA with an 
officially designated leader.
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effect size, η2 ≥ 0.14 (r ≥ 0.5) large effect size. The level of statistical 
significance was established at p < 0.05.

3 Results

3.1 Differences in PA before and after the 
pandemic in segments of school days

After the pandemic, we found a significantly lower number of 
days with transport PA to and from school for both boys and girls in 
both countries compared to the period before the pandemic (Table 2). 
The highest number of days with transport PA before pandemic 
demonstrated Polish boys to and from school (3 times a week on 
average). After the pandemic Polish girls showed the greatest transport 
PA (to school on average 2.5 times and from school 2.7 times per 
week). Czech and Polish boys and Czech girls also showed significantly 
less use of time for PA during breaks after the pandemic. It is 

noteworthy that we found less use of time for PA in PE lessons after 
the pandemic only in Czech boys and girls. We also found less PA 
during lunch breaks and after school in Polish boys after the pandemic.

3.2 Assessment of school PA (PE lessons, 
breaks, lunch breaks) before and after the 
pandemic

For the total school PA indicators (PE lessons + breaks and lunch 
breaks), Czech (p < 0.001) and Polish (p = 0.018) boys and Czech girls 
(p < 0.001) after pandemic showed significantly less school PA than 
before pandemic H(7,2,273) = 207.26, p < 0.001, η2 = 0.088 (Figure 1). 
However, the results of this total school PA indicator also included 
those participants who stated that they did not have PE lessons, breaks 
or lunch breaks. The missing opportunities before and after pandemic, 
respectively, were as follows: PE lessons (6.8 and 22.2%), breaks (6.1 
and 9.0%) and lunch breaks (22.8 and 24.8%). However, not 

TABLE 2 Assessment of PA levels on school days in Czech and Polish boys and girls before and after pandemic.

Physical 
activity 
levels

Czech boys Polish boys

Before
M(SD)

After
M(SD)

U p η2 Before
M(SD)

After
M(SD)

U p η2

School days

Before school 0.8(1.4) 0.8(1.3) 0.17 0.866 < 0.001 1.2(1.5) 1.0(1.4) 1.45 0.148 0.007

To school 2.6(1.8) 2.2(1.8) 2.08 0.038 0.016 3.0(1.6) 2.4(1.8) 3.18 0.001 0.035

From school 2.9(1.6) 2.4(1.8) 3.55 <0.001 0.047 3.0(1.6) 2.5(1.7) 3.36 0.001 0.039

After school 2.4(1.4) 2.4(1.4) 0.16 0.870 < 0.001 2.3(1.4) 2.0(1.5) 2.46 0.014 0.021

Evenings 1.6(1.4) 1.7(1.5) 0.44 0.659 0.001 2.1(1.5) 1.9(1.5) 1.23 0.220 0.005

Time (moderate/average use of the time for PA in PE lessons or breaks)

During PE 

lessons
4.0(1.0) 3.6(1.0) 3.94 <0.001 0.058 4.1(1.0) 4.1(1.0) 0.50 0.620 0.001

During breaks 2.2(1.3) 1.9(1.1) 2.75 0.006 0.028 2.6(1.4) 2.2(1.2) 2.76 0.006 0.027

During lunch 

breaks
2.2(1.2) 2.3(1.2) 1.11 0.268 0.005 2.6(1.3) 2.2(1.2) 2.53 0.011 0.022

Czech girls Polish girls

School days

Before school 0.8(1.4) 0.7(1.3) 0.71 0.478 0.001 0.9(1.3) 0.7(1.3) 2.23 0.026 0.015

To school 2.7(1.8) 2.1(1.8) 4.67 0.000 0.044 2.8(1.6) 2.5(1.8) 2.15 0.032 0.014

From school 2.9(1.7) 2.3(1.8) 5.11 0.000 0.052 2.9(1.6) 2.7(1.7) 2.07 0.039 0.013

After school 2.2(1.4) 2.2(1.4) 0.28 0.782 < 0.001 1.9(1.5) 1.8(1.4) 1.13 0.260 0.004

Evenings 1.4(1.3) 1.5(1.4) 1.01 0.312 0.002 1.8(1.4) 1.6(1.5) 1.66 0.097 0.003

Time (moderate/average use of the time for PA in PE lessons or breaks)

During PE 

lessons
3.6(1.1) 3.3(1.1) 3.40 0.001 0.023 3.7(1.2) 3.7(1.0) 0.08 0.938 < 0.001

During breaks 1.8(0.9) 1.7(0.9) 1.97 0.049 0.008 2.0(1.2) 1.9(1.1) 0.83 0.405 0.002

During lunch 

breaks
2.1(1.1) 2.0(1.0) 0.56 0.574 0.001 2.2(1.2) 2.0(1.2) 1.29 0.197 0.005

M, mean; SD, standard deviation; U, Mann–Whitney test; p, significance; ŋ2, effect size coefficient; PE, physical education; Days –number of school days; Time – level of physical activity (1 
almost none of the time – 5 almost all of the time).
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performing or not participating in these types of school PA is also a 
significant indicator of the level of school PA.

3.3 Assessment of out-of-school PA (to 
and from school, and before and after 
school) before and after pandemic

In out-of- school PA on school days, we found lower PA after 
pandemic compared to PA before pandemic [H(7,2,273) = 51.54, 
p < 0.001, η2 = 0.020] (Figure 2). Only Polish boys showed a significant 
group difference in out-of-school PA between before and after school 
(p = 0.020). It became apparent that even out-of-school PA did not 
replace the post-pandemic decline in school PA.

3.4 Assessment of total daily PA (to and 
from school, school and before and after 
school) before and after the pandemic

For the overall point assessment of PA on school days we found a 
significantly lower level of PA after pandemic than before pandemic 
H(7,2,273) = 133.77, p < 0.001, η2 = 0.056 (Figure 3). This was significant 
in Czech boys (p = 0.017), Polish boys (p = 0.001) and Czech girls 
(p < 0.001). Polish boys had higher PA on school days before the 
pandemic (25 out of 40 points) and Czech girls had the lowest scores 
after pandemic (19 out of 40 points). The negative effects of the 
pandemic are also documented by the fact that before the pandemic, 
a total of 82% of boys and girls said that they enjoyed PA, while only 
77% after the pandemic (χ2 = 8.92, p = 0.003, r = 0.059). Similarly, 67% 
of boys and girls before the pandemic said they enjoyed PE, while only 
60% after the pandemic (χ2 = 12.09, p < 0.001, r = 0.073).

3.5 Differences in PA in segments of the 
school days before and after pandemic

The recommendations for PA in the segments of the school day 
are presented in Figure 4. We found a significant difference before 
and after the pandemic in the achievement of PA recommendations 
in the segments of the school day for Czech boys (9.7 p.p.), Polish 
boys (15.1 p.p.) and Czech girls (14.4 p.p.) (Table  3). Similar 
significant patterns were evident for PA from school for Czech boys 
(15.2 p.p.), Polish boys (14.2 p.p.), and Czech girls (16.1 p.p.). A 
significant difference was apparent also in the achievement of the 
amount of PA in PE lessons among Czech boys (11.1 p.p.) and girls 
(10.3 p.p.). In Polish girls, the difference was significant in PA 
during breaks (11.1 p.p.) and PA before school (11.7 p.p.). 
Differences in the assessment of PE lessons varied significantly 
between Czech (61.8%) and Polish boys (80.2%) after the pandemic 
(χ2 = 12.76, p < 0.001, r = 0.073), and also between Czech (43.5%) 
and Polish girls (66.7%) after pandemic (χ2 = 19.04, p < 0.001, 
r = 0.091).

In accordance with the results of the study and the ways in which 
they are presented to school management, teachers and students, 
we propose the following recommendations for PA in segments of the 
school day (Figure 4).

The established recommendations for PA in segments of the 
school day were met in aggregate in both states: Before school 
(1 day) – 38.6% of boys and 32.0% of girls (p = 0.001); To school (≥ 
4 days) – 57.3% of boys and 56.5% of girls (p = 0.693); From school (≥ 
4 days) – 60.0% of boys and 58.9% of girls (p = 0.591); After school or 
evenings (≥ 4 days) – 62. 7% of boys and 50.5% of girls (p < 0.001); 
During PE lessons – 72.8% of boys and 56.9% of girls (p < 0.001); 
During breaks – 37.5% of boys and 24.2% of girls (p < 0.001); During 
lunch breaks – 41.3% of boys and 31.8% of girls (p < 0.001). Excluding 

FIGURE 1

Assessment of school physical activity (physical education, breaks, lunch breaks) of Czech and Polish boys and girls (BCZ–Czech boys, BPL–Polish 
boys, GCZ–Czech girls, GPL–Polish girls) before and after pandemic (*p < 0.05, ***p < 0.001).
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transport PA to and from school, boys showed significantly more PA 
than girls.

4 Discussion

The study examined youth PA profiles to understand the 
contributions of different time segments in the school day to advance 

school PA promotion. We highlighted clear findings with significant 
differences in PA of Czech and Polish boys and girls before and after 
the pandemic in transport PA to and from school. It is difficult to 
determine the main cause of these differences, but disruption of the 
habit of regular PA seems to be the most likely factor. Other studies 
have reported a significant decline in overall PA in adolescents in 
distance education during the pandemic (34, 40), but we expected a 
prompt return to pre-pandemic levels in transport PA. Especially 

FIGURE 2

Assessment of out-of-school physical activity (to and from school, before and after school) in Czech and Polish boys and girls (BCZ–Czech boys, BPL–
Polish boys, GCZ–Czech girls, GPL–Polish girls) before and after pandemic (*p < 0.05).

FIGURE 3

Physical activity assessment on school days (before and after school, to and from school, school physical activity) in Czech and Polish boys and girls 
(BCZ–Czech boys, BPL–Polish boys, GCZ–Czech girls, GPL–Polish girls) (*p < 0.05; **p < 0.01; ***p < 0.001).
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because an increase in transport PA was also found during the 
pandemic in adolescents (41) or there was no decrease, for example in 
Czech and Polish adolescent girls (34). Restoration of pre-pandemic 
levels of transport PA, or even an increase, should be  one of the 
primary goals of post-pandemic school policy.

Similar to the transport PA, the negative effects of the pandemic 
were also manifested after the pandemic in the school PA level, 
especially in PE lessons and breaks, although not for all groups. At the 
same time, the schools strove to implement a fully valuable standard 
educational program even in more demanding settings, with the 
lingering negative effects of the pandemic. Increasing of PA in PE 
classes and during breaks is particularly relevant for Czech boys and 
girls, including improving participation in PE lessons. The demand for 
the participation of all adolescents in PE lessons who are at school (42) 
is even more relevant in the post-pandemic era. Participation in PE 
lessons is positively associated with PA and other healthy behaviors 
(22) and those adolescents who attend PE lessons ≥3 days/week had 
double the odds of being sufficiently active (20). National, regional 
and worldwide data highlight the importance of improving 
participation in PE, particularly for girls and older adolescents (22). 
According to previous research results, the observed differences 
between Czech and Polish adolescents are influenced not only by a 
greater number of PE lessons per week (in most schools in the 
Czech Republic 2 and in Poland 3 PE lessons), but also by better access 
to PE and sports in Polish than in Czech schools (35). Polish schools 
also support students’ involvement in organized PA more (43).

During the pandemic, school PA was lost due to distance 
education, and this was not replaced by home-based online PE or 
other ways of supporting PA (34). Difficulties in delivering online PE 
during the pandemic have also been reported in other studies (44). 
After the pandemic, online PE should take a completely new position 
in supporting adolescent PA, supporting the innovative role of 
physical literacy (45), in supporting less physically active adolescents 

(46) and in supporting individual PA, with regular use of wearables 
(34). However, the support and control of quality PE (47), the priority 
position of PE in the promotion of the “new” role of PA after pandemic 
(45), as well as the support of the previously requested reform of the 
professional training of PE teachers, are essential (48).

Also, in total daily PA on school days, we found lower PA after 
pandemic compared to school days before pandemic. Unfortunately, 
there was no return of the PA level to the time before the pandemic, 
as found, for example, in the Alpine regions in adults by Schöttl et al. 
(49). The results of the study show that less school PA was not replaced 
by increased outside school PA. In this segment of the school day, 
we did not find a significant difference between before and after the 
pandemic. Unfortunately, the YAP questionnaire does not allow to 
characterize the level of PA in individual school days, but only in 
summary for school days. Nevertheless, this is an advantage over the 
IPAQ-A questionnaire, which only allows weekly PA to 
be  characterized (50). PA estimation using YAP questionnaires, 
supplemented by PA monitoring using wearables, could be beneficial 
for characterizing PA during school days and for improving the 
quality of feedback to school management, teachers and students. It is 
also important because schools will play a crucial role in eliminating 
the negative effects of the pandemic on adolescent PA and weakening 
any future restrictions on adolescent PA (51). In this context, schools 
should also take a more prominent position in the field of public 
health, through high-quality comprehensive school PA programs 
responsive to pandemic experience (47).

The differences in level of meeting the recommendations of PA in 
the segments of the school day before and after the pandemic were 
presented. While not directly comparable to other studies using the 
IPAQ-A questionnaire (34), we  found similar declines in PA for 
specific segments of the school day. During the pandemic, there was 
a decrease in the number of days with active transport and a decrease 
in PA in schools and leisure activities.

FIGURE 4

Target recommendations (number of days or time spent) for physical activity in segments of the school days according to the Youth Activity Profile 
questionnaire.
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Another study indicated that the recommendation for PA 
before school (at least 2,000 steps) was met by 29% of boys and 
38% of girls, and the recommendation of at least 10 min of 
moderate to vigorous PA ≥ 3 METs was met by 37% of boys and 
27% of girls (25). Adolescents’ transport PA to high schools is more 
complex to research than children’s transport PA to schools 
because of the greater diversity of settings, which is reflected in 
both the research focus and the smaller number of studies and 
interventions (52). The number of school days with transport PA 
to and from schools per week is an important indicator for 
management and teachers at schools in a way to support active 
transport to school with the arrangement of suitable and safe 
facilities for this type of PA.

The significantly worse assessment of the time spent in PA in PE 
lessons after pandemic by Czech boys and girls requires attention as Polish 
boys and girls rated PA in PE lessons after pandemic better, although not 
significantly. It is very difficult to determine the causes of these differences 
between the education system in both countries. This could be due to 
already mentioned differences in the number of PE lessons per week and 
the status of sport in schools, the predominance of single-subject PE 
teachers in Poland (in the Czech  Republic, PE teachers are mostly 
educated in two disciplines) or the previously reported better evaluation 
of PE lessons by Polish boys and girls (23).

The aggregate adherence to PA recommendations in each segment of 
the school day, except for transport PA to and from school, confirms greater 
adherence to PA recommendations by boys than girls. Similarly, greater 

TABLE 3 Achievement of physical activity recommendations in segments of the school day Czech and Polish boys and girls before and after pandemic.

Physical 
activity 
levels

Czech boys Polish boys

Before
%

After
%

χ2 p r Before
(%)

After
(%)

χ2 p r

School days

Before school 

(1 day)
33.5 33.3 < 0.001 0.976 0.001 47.2 40.4 1.80 0.179 0.065

To school (≥ 

4 days)
61.6 51.9 5.04 0.025 0.098 71.3 56.2 9.93 0.002 0.152

From school (≥ 

4 days)
69.9 54.7 13.02 0.001 0.016 73.8 59.6 9.09 0.003 0.145

After school or 

evenings (≥ 

4 days)

33.5 32.6 0.48 0.827 0.001 36.4 32.9 0.52 0.473 0.035

Time (moderate/average use of the time for PA in PE lessons or breaks)

During PE 

lessons
72.9 61.8 6.28 0.012 0.110 76.8 80.2 0.60 0.438 0.037

During breaks 34.3 26.8 3.12 0.078 0.077 49.4 38.2 4.53 0.033 0.102

During lunch 

breaks
32.4 42.0 4.25 0.039 0.090 51.7 35.7 7.09 0.008 0.128

Czech girls Polish girls

School days

Before school 

(1 day)
32.0 29.7 0.42 0.519 0.023 37.2 26.5 6.79 0.009 0.111

To school (≥ 

4 days)
65.0 50.6 15.19 <0.001 0.141 66.4 59.1 3.00 0.083 0.074

From school (≥ 

4 days)
70.0 53.9 19.76 <0.001 0.160 70.6 66.1 1.25 0.264 0.048

After school or 

evenings (≥ 

4 days)

27.8 29.4 0.21 0.645 0.017 28.5 26.1 0.40 0.525 0.027

Time (moderate/average use of the time for PA in PE lessons or breaks)

During PE 

lessons
53.8 43.5 4.88 0.027 0.080 61.7 66.7 1.30 0.253 0.049

During breaks 20.0 20.4 0.02 0.897 0.001 31.4 27.9 0.68 0.409 0.035

During lunch 

breaks
30.0 28.6 0.13 0.717 0.013 37.7 31.1 1.73 0.188 0.056

M, mean; SD, standard deviation; χ2, Pearson’s chi-squared test; p, significance, r, effect size coefficient, PE, physical education; Days – number of school days; Time – level of physical activity 
(1 almost none of the time – 5 almost all of the time).
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adherence of boys to PA recommendations was found in Norwegian 
adolescents by Grasaas and Sandbakk (53), therefore underlining the 
importance of promoting adherence to PA recommendations, especially 
among girls. The emphasis on promoting girls’ PA is also significant because 
girls show less motivation to PA than boys (54).

Simplified feedback on PA in segments of the school day and total 
daily PA on school days was positively received by schools. The school 
management’s request was primarily focused on how students meet the 
recommendations for PA and what will be the future most appropriate 
focus in supporting PA and a healthy lifestyle for students. European 
studies show a clear demand for policy makers to immediately address 
the negative impact of the pandemic on PA in children and adolescents, 
in line with an evidence-based public health strategy (55).

However, the positive evaluation of the use of the YAP questionnaire 
in schools in this study should be taken very cautiously, as it is based only 
on the statement of the school management and teachers that they want 
to continue the similar assessment of students’ PA continuously.

We consider the obtained results regarding the level of school PA 
according to the YAP questionnaire, even in the simplified form of the 
level of frequency or time spent in PA for schools, to be stimulating 
and sufficient for choosing a strategy to increase PA on school days.

4.1 Limitations

The limitation of the study is that it was not possible to obtain a 
representative set of schools for the research. A significant limitation 
was that school management did not allow, due to more serious 
educational tasks, to reach the same students involved in the research 
before the pandemic. Even so, the almost two-year gap, changes in 
schools and the influence of other presenters on the lifestyle of the 
probands would be very limiting.

Differences in student participation in PE lessons, breaks or lunch 
breaks are also a limitation of the study. Non-participation of students 
in PE lessons was not possible to be compared with the actual number 
of registered and implemented PE lessons at schools.

The results of this research call for intensive monitoring of long-
term trends in PA in high school students in the post-pandemic 
period. It also calls for analysis of how schools will change their 
approach to promoting online PE and preparing students for PA in 
distance education regarding potential restrictions in the future. 
Equally important are the suggestions for changes in the professional 
training of PE teachers.

5 Conclusion

The pandemic disrupted the habit of regular PA during school 
days, which was particularly reflected in lower levels of transport PA 
to and from school and in school PA in both Czech and Polish high 
schools. These findings underline the importance of student 
participation in PE classes, promoting regular organized PA in the 
school’s extra-curricular program, promoting popular forms of 
transport PA to and from school, and enhancing cooperation between 
schools and organizations ensuring equal access to leisure-time PA 
for all students. Promoting achievement of the recommendations in 
the segments of the school day and in comprehensive school PA 
programs should be an important part of school health and education 
policy and public health promotion for adolescents. Providing online 

PE for students should be mandatory in schools and inclusion of PA 
referrals in comprehensive school PA programs controlled. 
Opportunities to provide wearables for individual PA monitoring by 
students from school resources should be improved. Future research 
on adolescent school PA should focus on the use of YAP in 
combination with monitoring PA, sedentary behavior and sleep using 
wearables. Importantly, it should include qualitative research on the 
school lifestyle of students, teachers and school administrators.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics Committee 
of the Faculty of Physical Culture of Palacký University Olomouc (No. 
49/2019 and No. 20/2023) and the Ethics Committee of the Jerzy Kukuczka 
Academy of Physical Education in Katowice (Reg. No. 36/2015). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation in 
this study was provided by the participants’ legal guardians/next of kin.

Author contributions

KF: Conceptualization, Methodology, Writing – original draft. 
GW: Supervision, Writing – review & editing. DG: Conceptualization, 
Data curation, Writing – review & editing. LJ: Investigation, Project 
administration, Writing  – review & editing. JD: Data curation, 
Writing – review & editing. JM: Formal analysis, Writing – original 
draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This research was supported by 
the Faculty of Physical Culture, Palacký University, Czech Republic research 
project, “Multifactorial research of physical activity in segments of the 
school day in the context of recommendations for physical activity” and by 
the research grant of Palacký University, Czech Republic (No. JG_2023_007) 
titled “Influence of environmental determinants on active transport of 
Czech children and adolescents in the context of 24-hour behavioural 
patterns”. The study was conducted in line with the Declaration of Helsinki 
and was approved by the Ethics Committee of the Faculty of Physical 
Culture of Palacký University Olomouc (No. 49/2019 and No. 20/2023) and 
the Ethics Committee of the Jerzy Kukuczka Academy of Physical 
Education in Katowice (Reg. No. 36/2015).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpubh.2025.1488153
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Frömel et al. 10.3389/fpubh.2025.1488153

Frontiers in Public Health 10 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical 

activity among adolescents: a pooled analysis of 298 population-based surveys with 1· 6 
million participants. Lancet Child Adolesc Health. (2020) 4:23–35. doi: 10.1016/
S2352-4642(19)30323-2

 2. Ko YJ, Kim JS. Effect of exercise immersion experience on health promotion and 
lifelong physical education of high school students in sports club activities. J Exerc 
Rehabil. (2021) 17:169–74. doi: 10.12965/jer.2142284.142

 3. World Health Organization. Promoting physical activity through schools: policy 
brief. Geneva: World Health Organization (2022) Available at: https://www.who.int/
publications/i/item/9789240049567 (Accessed 12 January, 2025).

 4. Harris J, Cale L. Promoting active lifestyles in schools. Champaign, IL: Human 
Kinetics (2018).

 5. Larsen B, Luna B. Adolescence as a neurobiological critical period for the 
development of higher-order cognition. Neurosci Biobehav Rev. (2018) 94:179–95. doi: 
10.1016/j.neubiorev.2018.09.005

 6. Woodard K, Pollak SD. Is there evidence for sensitive periods in emotional 
development? Curr Opin Behav Sci. (2020) 36:1–6. doi: 10.1016/j.cobeha.2020.05.004

 7. Fenesi B, Graham JD, Crichton M, Ogrodnik M, Skinner J. Physical activity in high 
school classrooms: a promising avenue for future research. Int J Environ Res Public 
Health. (2022) 19:688. doi: 10.3390/ijerph19020688

 8. Blakemore SJ, Mills KL. Is adolescence a sensitive period for sociocultural 
processing? Annu Rev Psychol. (2014) 65:187–207. doi: 10.1146/annurev-
psych-010213-115202

 9. Ries F. Promoting physical activity as a healthy habit through quality physical 
education: does knowledge on habitual behaviours help? Acta Univ Carol Kinanthropol. 
(2020) 56:56–61. doi: 10.14712/23366052.2020.7

 10. Verhoeven M, Poorthuis AM, Volman M. The role of school in adolescents’ 
identity development. A literature review. Educ Psychol Rev. (2019) 31:35–63. doi: 
10.1007/s10648-018-9457-3

 11. Brown RCH, Maslen H, Savulescu J. Responsibility, prudence and health 
promotion. J Public Health. (2019) 41:561–5. doi: 10.1093/pubmed/fdy113

 12. Jakubec L, Frömel K, Chmelík F, Groffik D. Physical activity in 15–17-year-old 
adolescents as compensation for sedentary behavior in school. Int J Environ Res Public 
Health. (2020) 17:3281. doi: 10.3390/ijerph17093281

 13. González-Serrano MH, González-García RJ, Gómez-Tafalla A, Refoyo Román I, 
García-Pascual F, Calabuig F. Promoting physical activity habits after completing 
secondary school: does the age matter? Int J Environ Res Public Health. (2022) 19:14160. 
doi: 10.3390/ijerph192114160

 14. World Health Organization. Physical activity. (2022). Available at: https://www.
who.int/news-room/fact-sheets/detail/physical-activity

 15. Gråstén A, Yli-Piipari S, Huhtiniemi M, Salin K, Hakonen H, Jaakkola T. A one-
year follow-up of basic psychological need satisfactions in physical education and 
associated in-class and total physical activity. Eur Phys Educ Rev. (2021) 27:436–54. doi: 
10.1177/1356336X20957356

 16. Moral-Garcia JE, Jiménez A, Cabaco AS, Jiménez-Eguizabal A. The role of physical 
activity and school physical education in enhancing school satisfaction and life 
satisfaction. Int J Environ Res Public Health. (2021) 18:1689. doi: 10.3390/ijerph18041689

 17. Frömel K, Mitáš J, Tudor-Locke C. Time trends of step-determined physical 
activity among adolescents with different activity levels in Czech Republic. J Phys Act 
Health. (2022) 19:592–8. doi: 10.1123/jpah.2022-0205

 18. Groffik D, Fromel K, Badura P. Composition of weekly physical activity in 
adolescents by level of physical activity. BMC Public Health. (2020) 20:562. doi: 10.1186/
s12889-020-08711-8

 19. Kudláček M, Frömel K, Jakubec L, Groffik D. Compensation for adolescents' 
school mental load by physical activity on weekend days. Int J Environ Res Public Health. 
(2016) 13:308. doi: 10.3390/ijerph13030308

 20. Uddin R, Salmon J, Islam SMS, Khan A. Physical education class participation is 
associated with physical activity among adolescents in 65 countries. Sci Rep. (2020) 
10:22128–10. doi: 10.1038/s41598-020-79100-9

 21. Porsanger L. Risk and safety management in physical education: teachers’ knowledge. 
Phys Educ Sport Pedagogy. (2023) 28:16–28. doi: 10.1080/17408989.2021.1934663

 22. Martins J, Marques A, Gouveia ÉR, Carvalho F, Sarmento H, Valeiro MG. 
Participation in physical education classes and health-related behaviours among 
adolescents from 67 countries. Int J Environ Res Public Health. (2022) 19:955. doi: 
10.3390/ijerph19020955

 23. Frömel K, Vašíčková J, Svozil Z, Chmelík F, Skalik K, Groffik D. Secular trends in 
pupils’ assessments of physical education lessons in regard to their self-perception of 
physical fitness across the educational systems of Czech Republic and Poland. Eur Phys 
Educ Rev. (2014) 20:145–64. doi: 10.1177/1356336X13508684

 24. Hollis JL, Sutherland R, Williams AJ, Campbell E, Nathan N, Wolfenden L, et al. 
A systematic review and meta-analysis of moderate-to-vigorous physical activity levels 
in secondary school physical education lessons. Int J Behav Nutr Phys Act. (2017) 
14:52–26. doi: 10.1186/s12966-017-0504-0

 25. Frömel K, Groffik D, Mitáš J, Madarasová Gecková A, Csányi T. Physical activity 
recommendations for segments of school days in adolescents: support for health 
behavior in secondary schools. Front Public Health. (2020) 8:527442. doi: 10.3389/
fpubh.2020.527442

 26. Frömel K, Svozil Z, Chmelík F, Jakubec L, Groffik D. The role of physical education 
lessons and recesses in school lifestyle of adolescents. J Sch Health. (2016) 86:143–51. 
doi: 10.1111/josh.12362

 27. World Health Organization. WHO guidelines on physical activity and sedentary 
behaviour. Geneva: World Health Organization (2020) Available at: https://www.who.
int/publications/i/item/9789240015128.

 28. U.S. Department of Health and Human Services. Healthy People (2020). Objective 
topic areas and page numbers. Available at: https://health.gov/our-work/national-health-
initiatives/healthy-people/healthy-people-2020

 29. Aubert S, Barnes JD, Demchenko I, Hawthorne M, Abdeta C, Abi Nader P, et al. 
Global matrix 4.0 physical activity report card grades for children and adolescents: 
results and analyses from 57 countries. J Phys Act Health. (2022) 19:700–28. doi: 
10.1123/jpah.2022-0456

 30. Do B, Kirkland C, Besenyi GM, Smock MC, Lanza K. Youth physical activity and 
the COVID-19 pandemic: a systematic review. Prev Med Rep. (2022) 29:101959. doi: 
10.1016/j.pmedr.2022.101959

 31. Kharel M, Sakamoto JL, Carandang RR, Ulambayar S, Shibanuma A, Yarotskaya 
E, et al. Impact of COVID-19 pandemic lockdown on movement behaviours of children 
and adolescents: a systematic review. BMJ Glob Health. (2022) 7:e007190. doi: 10.1136/
bmjgh-2021-007190

 32. Pavlovic A, DeFina LF, Natale BL, Thiele SE, Walker TJ, Craig DW, et al. Keeping 
children healthy during and after COVID-19 pandemic: meeting youth physical activity 
needs. BMC Public Health. (2021) 21:485. doi: 10.1186/s12889-021-10545-x

 33. Stockwell S, Trott M, Tully M, Shin J, Barnett Y, Butler L, et al. Changes in physical 
activity and sedentary behaviours from before to during the COVID-19 pandemic 
lockdown: a systematic review. BMJ Open Sport Exerc Med. (2021) 7:e000960. doi: 
10.1136/bmjsem-2020-000960

 34. Frömel K, Groffik D, Valach P, ŠafáŘ M, MitáŠ J. The impact of distance education 
during the COVID-19 pandemic on physical activity and well-being of Czech and polish 
adolescents. J Sch Health. (2022) 92:1137–47. doi: 10.1111/josh.13232

 35. Groffik D, Mitáš J, Jakubec L, Svozil Z, Frömel K. Adolescents’ physical activity in 
education systems varying in the number of weekly physical education lessons. Res Q 
Exerc Sport. (2020) 91:551–61. doi: 10.1080/02701367.2019.1688754

 36. Saint-Maurice PF, Welk GJ. Validity and calibration of the youth activity profile. 
PLoS One. (2015) 10:e0143949. doi: 10.1371/journal.pone.0143949

 37. Saint-Maurice PF, Welk GJ, Bartee RT, Heelan K. Calibration of context-specific 
survey items to assess youth physical activity behaviour. J Sports Sci. (2017) 35:866–72. 
doi: 10.1080/02640414.2016.1194526

 38. Kuliś D, Bottomley A, Velikova G, et al. EORTS quality of life group translation 
procedure. 4th ed. Brussels: EORTC (2017).

 39. Jakubec L, Dygrýn J, Šimůnek A, Frömel K. Validity of the original algorithm 
for assessing physical activity and sedentary behavior from the youth activity 
profile in Czech children and adolescents. Tělesná kultura. (2019) 42:62–9. doi: 
10.5507/tk.2020.006

 40. Neville RD, Lakes KD, Hopkins WG, Tarantino G, Draper CE, Beck R, et al. Global 
changes in child and adolescent physical activity during the COVID-19 pandemic: a 
systematic review and meta-analysis. JAMA Pediatr. (2022) 176:886–94. doi: 10.1001/
jamapediatrics.2022.2313

https://doi.org/10.3389/fpubh.2025.1488153
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.12965/jer.2142284.142
https://www.who.int/publications/i/item/9789240049567
https://www.who.int/publications/i/item/9789240049567
https://doi.org/10.1016/j.neubiorev.2018.09.005
https://doi.org/10.1016/j.cobeha.2020.05.004
https://doi.org/10.3390/ijerph19020688
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.14712/23366052.2020.7
https://doi.org/10.1007/s10648-018-9457-3
https://doi.org/10.1093/pubmed/fdy113
https://doi.org/10.3390/ijerph17093281
https://doi.org/10.3390/ijerph192114160
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1177/1356336X20957356
https://doi.org/10.3390/ijerph18041689
https://doi.org/10.1123/jpah.2022-0205
https://doi.org/10.1186/s12889-020-08711-8
https://doi.org/10.1186/s12889-020-08711-8
https://doi.org/10.3390/ijerph13030308
https://doi.org/10.1038/s41598-020-79100-9
https://doi.org/10.1080/17408989.2021.1934663
https://doi.org/10.3390/ijerph19020955
https://doi.org/10.1177/1356336X13508684
https://doi.org/10.1186/s12966-017-0504-0
https://doi.org/10.3389/fpubh.2020.527442
https://doi.org/10.3389/fpubh.2020.527442
https://doi.org/10.1111/josh.12362
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://health.gov/our-work/national-health-initiatives/healthy-people/healthy-people-2020
https://health.gov/our-work/national-health-initiatives/healthy-people/healthy-people-2020
https://doi.org/10.1123/jpah.2022-0456
https://doi.org/10.1016/j.pmedr.2022.101959
https://doi.org/10.1136/bmjgh-2021-007190
https://doi.org/10.1136/bmjgh-2021-007190
https://doi.org/10.1186/s12889-021-10545-x
https://doi.org/10.1136/bmjsem-2020-000960
https://doi.org/10.1111/josh.13232
https://doi.org/10.1080/02701367.2019.1688754
https://doi.org/10.1371/journal.pone.0143949
https://doi.org/10.1080/02640414.2016.1194526
https://doi.org/10.5507/tk.2020.006
https://doi.org/10.1001/jamapediatrics.2022.2313
https://doi.org/10.1001/jamapediatrics.2022.2313


Frömel et al. 10.3389/fpubh.2025.1488153

Frontiers in Public Health 11 frontiersin.org

 41. Levi S, Baron-Epel O. “It’s a kind of freedom”: adolescents and parents speak about 
motivations for active travel and COVID-19. Int J Qual Stud Health Wellbeing. (2022) 
17:2130508. doi: 10.1080/17482631.2022.2130508

 42. SHAPE America. The essential components of physical education. Reston, VA: 
SHAPE America (2015).

 43. Groffik D, Frömel K, Ziemba M, Mitáš J, Seniow-Chmiel S. Organized physical 
activity of secondary school students and university sports science students. Ann Agric 
Environ Med. (2022) 29:539–45. doi: 10.26444/aaem/150011

 44. Su B, Zhang T, Yan L, Huang C, Cheng X, Cai C, et al. Online medical teaching in 
China during the COVID-19 pandemic: tools, modalities, and challenges. Front Public 
Health. (2021) 9:797694. doi: 10.3389/fpubh.2021.797694

 45. Blain DO, Standage M, Curran T. Physical education in a post-COVID world: a 
blended-gamified approach. Eur Phys Educ Rev. (2022) 28:757–76. doi: 
10.1177/1356336X221080372

 46. Frömel K, Groffik D, Kudláček M, Šafář M, Zwierzchowska A, Mitáš J. The 
differences in physical activity preferences and practices among high versus low 
active adolescents in secondary schools. Sustain For. (2022) 14:891. doi: 10.3390/
su14020891

 47. Hills AP, Dengel DR, Lubans DR. Supporting public health priorities: 
recommendations for physical education and physical activity promotion in schools. 
Prog Cardiovasc Dis. (2015) 57:368–74. doi: 10.1016/j.pcad.2014.09.010

 48. Konukman F. Reform in physical education teacher education (PETE): a critical 
inquiry for the future. Int J Sport Cult Sci. (2015) 3:6–21. doi: 10.14486/IntJSCS449

 49. Schöttl SE, Schnitzer M, Savoia L, Kopp M. Physical activity behavior during 
and after COVID-19 stay-at-home orders—a longitudinal study in the Austrian, 
German, and Italian Alps. Front Public Health. (2022) 10:901763. doi: 10.3389/
fpubh.2022.901763

 50. Ottevaere C, Huybrechts I, De Bourdeaudhuij I, Sjöström M, Ruiz JR, Ortega FB, 
et al. Comparison of the IPAQ-A and Actigraph in relation to VO2max among European 
adolescents: the HELENA study. Sci Med Sport. (2011) 14:317–24. doi: 10.1016/j.
jsams.2011.02.008

 51. Jourdan D, Gray NJ, Barry MM, Caffe S, Cornu C, Diagne F, et al. Supporting every 
school to become a foundation for healthy lives. Lancet Child Adolesc Health. (2021) 
5:295–303. doi: 10.1016/S2352-4642(20)30316-3

 52. Larouche R, Mammen G, Rowe DA, Faulkner G. Effectiveness of active school 
transport interventions: a systematic review and update. BMC Public Health. (2018) 
18:206. doi: 10.1186/s12889-017-5005-1

 53. Grasaas E, Sandbakk Ø. Adherence to physical activity recommendations and 
associations with self-efficacy among Norwegian adolescents: trends from 2017 to 2021. 
Front Public Health. (2024) 12:1382028. doi: 10.3389/fpubh.2024.1382028

 54. Frömel K, Groffik D, Šafář M, Mitáš J. Differences and associations between 
physical activity motives and types of physical activity among adolescent boys and girls. 
Biomed Res Int. (2022) 2022:6305204. doi: 10.1155/2022/6305204

 55. Ludwig-Walz H, Siemens W, Heinisch S, Dannheim I, Loss J, Bujard M. How the 
COVID-19 pandemic and related school closures reduce physical activity among 
children and adolescents in the WHO European region: a systematic review and meta-
analysis. Int J Behav Nutr Phys Act. (2023) 20:149. doi: 10.1186/s12966-023-01542-x

https://doi.org/10.3389/fpubh.2025.1488153
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1080/17482631.2022.2130508
https://doi.org/10.26444/aaem/150011
https://doi.org/10.3389/fpubh.2021.797694
https://doi.org/10.1177/1356336X221080372
https://doi.org/10.3390/su14020891
https://doi.org/10.3390/su14020891
https://doi.org/10.1016/j.pcad.2014.09.010
https://doi.org/10.14486/IntJSCS449
https://doi.org/10.3389/fpubh.2022.901763
https://doi.org/10.3389/fpubh.2022.901763
https://doi.org/10.1016/j.jsams.2011.02.008
https://doi.org/10.1016/j.jsams.2011.02.008
https://doi.org/10.1016/S2352-4642(20)30316-3
https://doi.org/10.1186/s12889-017-5005-1
https://doi.org/10.3389/fpubh.2024.1382028
https://doi.org/10.1155/2022/6305204
https://doi.org/10.1186/s12966-023-01542-x

	Adolescent physical activity during school days: a comparative study before and after COVID-19 pandemic restrictions
	1 Introduction
	2 Materials and methods
	2.1 Study design and participation
	2.2 Measure
	2.3 Data analysis

	3 Results
	3.1 Differences in PA before and after the pandemic in segments of school days
	3.2 Assessment of school PA (PE lessons, breaks, lunch breaks) before and after the pandemic
	3.3 Assessment of out-of-school PA (to and from school, and before and after school) before and after pandemic
	3.4 Assessment of total daily PA (to and from school, school and before and after school) before and after the pandemic
	3.5 Differences in PA in segments of the school days before and after pandemic

	4 Discussion
	4.1 Limitations

	5 Conclusion

	References

