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Abstract: In recent years, children and adolescents have spent more time sitting and engaging in less physical activity than
recommended by health authorities. Despite widespread efforts to promote physical activity through school-based programs, the
impact of specific intervention programs often remains untested. Therefore, in this pilot study, the effects of a national school-based
physical activity program were assessed. A sample of 80 first- and second-grade primary school students aged between 7 and 9
years (M = 7.95, SD = 0.44) of eight classes was cluster randomly assigned to either the experimental group (EG; classroom-based
physical activity breaks) or the control group (CG; conventional school lessons). Primary outcomes included objective
measurements of sedentary behaviour, step counts, and moderate-to-vigorous physical activity (MVPA) during the intervention.
Secondary outcomes encompassed assessments of aerobic fitness performance, executive functions, academic achievement, and
scholastic well-being before and after the 20-week intervention. The results indicate that students of the EG spent less time
sedentary and took more steps during school mornings than their counterparts of the CG. The physical activity program resulted in
a 630-step increase and a 10-minute reduction in sitting time daily. However, there were no effects on MVPA level, aerobic fitness
performance, or cognitive functions (including executive functions and academic achievement). The implications of these findings
are discussed in light of comprehensive school physical activity approaches.

Keywords: Classroom-based physical activity breaks, program effectiveness, cognitive and mental health, moderate-to-vigorous
physical activity (MVPA).
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Introduction

Global trend data shows that children and adolescents’ daily routines are increasingly characterised by a lack of physical
activity and prolonged sitting (Chaput et al., 2020; Farooq et al., 2020). It has been estimated that 80% of children and
adolescents worldwide do not meet the World Health Organization’s (2020) recommendation of 60 minutes of moderate-
to-vigorous physical activity (MVPA) daily (Guthold et al.,, 2020). Prolonged sitting has been shown to affect young
people's physical and mental health negatively (Biddle, 2019; Zhang et al,, 2022). Furthermore, inactivity and irregular
physical activity during childhood and adolescence are often linked to inactivity in adulthood (Corder et al., 2019; Telama
et al,, 2014), which increases the risk of chronic diseases later in life (Kallio et al., 2021). On the other hand, regular
physical activity, especially at MVPA levels, can benefit children's and adolescents' health (Rodriguez-Ayllon et al.,, 2019).

Not merely leisure time but also explicitly school time is characterised by a high amount of sedentary time. Meta-
analytical findings indicate that primary school students spend 63% of their school day being sedentary (Egan et al,,
2019). This issue is not limited to Anglo-American contexts; a European study also confirms that 63% of school time is
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spent in sedentary activities for children and adolescents (van Stralen et al., 2014). Research indicates that traditional
seated lessons fail to fulfil children’s requirements for physical activity, as evidenced by higher levels of physical activity
during leisure time compared to school hours (Saint-Maurice et al.,, 2018; Steele et al,, 2010). The American Heart
Association (Pate et al., 2006) recommends that children and adolescents engage in 30 minutes of MVPA during school
hours. The few studies that have objectively measured compliance with this recommendation have shown that only a
minority of students adhere to the guidelines for physical activity during school hours (e.g., Grao-Cruces et al., 2018; van
Stralen et al,, 2014). Schools’ potential to increase physical activity opportunities is bolstered by their widespread
accessibility to children and adolescents, who dedicate a significant portion of their time to these educational institutions.
This assertion is corroborated by research indicating that schools possess unique efficacy in promoting physical activity
compared to alternative settings (Naylor & McKay, 2009; van Sluijs et al., 2021).

Systematic reviews show that school-based physical activity interventions can increase students’ physical activity levels
(Masini et al., 2020) and reduce sedentary time (Hynynen et al, 2016). In addition, school-based physical activity
interventions also have the potential to enhance children’s aerobic fitness performance (Neil-Sztramko et al., 2021). In
physical education, interventions targeting physical activity intensity effectively augment MVPA levels among children
and adolescents (Wong et al., 2021). Nonetheless, the evidence regarding enhancing physical activity intensity levels is
somewhat less definitive for alternative school-based exercise environments, such as classroom activities or playground
activities (Love et al,, 2019; Neil-Sztramko et al., 2021).

Classroom-based physical activity interventions that foster physical activity yield favourable outcomes demonstrating
promising effects on psychological dimensions, mainly cognitive functions and mental health (Robles-Campos et al.,
2023; Watson et al,, 2017). In cognitive functions, executive functions (EFs) seem to profit more than other cognitive
abilities from additional (cognitively engaging) physical exercises, both in short (Anzeneder, Zehnder, et al., 2023; Jager
et al, 2015; Schmidt et al., 2016) and in long-term (Egger et al, 2019; Mao et al, 2024; Schmidt et al,, 2015). EFs
encompass the skills children employ to regulate their behaviour, such as establishing goals, managing impulses, and
directing attention. Children with well-honed EFs can effectively follow teacher instructions and focus on tasks for
extended periods, which is crucial for academic learning (Diamond, 2013). In turn, academic achievement in maths
(Sneck etal., 2019) and languages (Martin-Martinez et al.,, 2023) could also be improved through additional opportunities
for physical activity at school, especially knowing that empirically supported models conceive EFs as mediators
explaining the relationship between children’s physical activity-related outcomes and academic achievement (Schmidt
et al,, 2017). Positive correlations between EFs and academic achievement have repeatedly been demonstrated (e.g.,
Spiegel etal., 2022; Willoughby et al., 2019). Concerning mental health outcomes, a meta-analysis examining the influence
of interventions within educational settings has unveiled favourable outcomes on students’ well-being, resilience, quality
of life, and mitigation of anxiety and depression symptoms (Andermo et al., 2020).

Upon closer examination, the attributes of successful school-based physical activity interventions present a varied
landscape: Daly-Smith et al. (2021) suggest that the emphasis on promoting physical activity typically centres around
integrating physical activity into the classroom environment, with a particular focus on incorporating physical activity
breaks or movement-based learning activities. Physical activity breaks hold promise for influencing students’ mental and
physical health. According to Kuzik et al. (2022), active lessons were most beneficial for health and well-being. A review
summarising the outcomes of healthy and physically active school initiatives across Europe highlights the positive effects
of physical activity breaks, typically facilitated by teachers during lessons and lasting 5-10 minutes each. The evidence
supporting their efficacy is strong in this context (Bailey et al., 2022).

In summary, the referenced findings indicate that school-based physical activity interventions have a broad potential
impact. By integrating physical activity into everyday school life and, above all, into the classroom, positive changes can
be achieved in terms of physical health and various aspects of cognitive functions and mental well-being among students.
Promoting physical activity in schools thus provides a compelling case for promoting physical health and represents a
pertinent argument for schools regarding its positive influence on cognitive functions. Strengthening EFs through
additional physical activity breaks can significantly improve learning behaviour, increase cognitive functions, and
improve overall academic performance (Sember et al.,, 2020) - despite the supposedly “lost time” in a subject. Therefore,
integrating physical activity into the school day aligns with holistic education and may offer short- and long-term benefits
for children and adolescents.

Regardless of these potential benefits, the effects of ecologically valid school-based physical activity interventions are
rarely assessed in longitudinal studies, highlighting a need for more rigorous evaluations of their effectiveness (Masini
etal,, 2022). In this regard, Vazou et al. (2020) formulated the question of whether practical, experience-based programs
can impact students’ physical and cognitive performances in the same way as theory-based approaches. Therefore, the
aim of the present study was to pilot a trial investigating the effectiveness of Switzerland’s largest school-based physical
activity promotion initiative.

Schule bewegt [School in Motion] is an example of a program grounded in practical experience rather than theoretical
frameworks. The national program is widely accepted by elementary school teachers and involves around 150’000
students. Providing a large collection of ideas for classroom-based physical activity breaks and free materials encourages
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teachers to integrate at least 20 minutes of physical activity breaks each day in addition to the three mandatory physical
education lessons per week. Despite substantial investments from the federal government and numerous other
supporters, the program has only been evaluated once, using an online survey administered to teachers and their
students. On the one hand, the students’ survey results indicated that the program may positively influence students’
subjective well-being and attention (Feller et al, 2021). However, since it was a survey, students’ physical activity
behaviour and cognitive performance could not be objectively measured with the gold standard methods, such as
accelerometry or reaction-based cognitive tests. On the other hand, the teacher survey revealed that teachers with a high
affinity for sports were the primary users of the program. Only 45% of the teachers enrolled in the program implemented
the daily physical activity breaks, while a third did so only once a week or less. To complement this initial program
evaluation of students’ and teachers’ self-report with objective data, the present study aimed to pilot an effective trial of
the “Schule bewegt” program by measuring primary outcomes, such as sedentary and physical activity behaviour and
secondary outcomes, such as cognitive functions, academic achievement and scholastic well-being.

Methodology
Research Design

This pilot study adopts a quasi-experimental intervention design featuring two distinct groups: an experimental group
(EG) and a waiting control group (CG). The students of the EG engaged in two sessions of 10-minute physical activity
breaks daily over 20 weeks. Before the intervention, teachers of the EG (n = 4) attended a 2.5-hour training session to
ensure standardised instruction of the classroom-based physical activity breaks. Meanwhile, the CG (n = 4) maintained
participation in conventional school lessons without incorporating physical activity breaks. The primary outcome
variable, objectively measured physical activity behaviour (including sedentary behaviour, step counts, and MVPA), was
assessed over five consecutive days during weeks seven and ten of the intervention. Data collection for secondary
outcome variables (including EFs, academic achievement, and scholastic well-being) occurred before and after the 20-
week intervention. Background variables (see Table 1) were collected during the pre-testing.

Participants

Teachers and principals were directly approached to recruit participants for the study, enrolling 92 students from eight
mixed first- and second-grade classes. Only second graders were included in the sample to ensure greater age
homogeneity. The data of six students were removed from the sample due to one or more absences at the pre- or post-
measurement. A further six students were excluded due to invalid data in the physical activity measurement. The final
sample comprised 80 students aged between 7 and 9 years (M = 7.95 years, SD = 0.44; 42.5% girls). Taking previous
studies into account, an a priori power analysis (with 1 - beta error probability = .80; alpha error probability =.05; effect
size f=.38; numerator of df = 3; number of groups = 2; number of covariates = 1) was conducted. This resulted in a total
sample size of N = 80 subjects. An overview of the descriptive characteristics of the study participants can be found in
Table 1. The eight classes were randomly assigned to either the EG or the CG. The EG and CG did not exhibit statistically
significant differences in all measured background variables (ps > .05). A significant difference between the two groups
emerged in terms of gender distribution (x2(1) = 6.02, p =.020, Cramer’s V =.274). The CG demonstrated a notably higher
proportion of boys (8%) than the EG (40%). All secondary outcome variables did not differ between the groups at pre-
measurement (ps >.05). However, a significant difference was observed in aerobic fitness performance between the two
groups. Specifically, students in the CG exhibited significantly superior aerobic fitness performance compared to the EG
at pre-measurement (F(1, 79) = 27.47, p <.001, np? = .26).

Instruments

Sedentary behaviour, step counts and MVPA were objectively measured utilising accelerometers (Actigraph GT3X;
Pensacola, FL) positioned on the right hip (Rowlands et al,, 2014). An epoch length of 15 seconds was designated for the
analyses (Edwardson & Gorely, 2010). MVPA was determined using the algorithm developed by Freedson et al. (2005),
as employed in the SOPHYA study (Bringolf-Isler et al., 2016). Students wore the accelerometer continuously for eight
consecutive days. Due to known reactivity to accelerometer measurement in young children (Ddsegger et al., 2014), the
first measurement day was excluded from data analysis. Consequently, the time between 08:00-12:00 a.m. on five
consecutive school mornings was included in all analyses of the present study.

Aerobic fitness performance was measured using the multistage 20-metre shuttle run test (Léger et al., 1988). The
reliability and validity of the 20-metre shuttle run test have been demonstrated (Liu et al., 1992). The value reflects the
duration of the run in minutes.

The three domains of EFs - working memory, inhibition, and cognitive flexibility (Miyake et al., 2000) - were measured
through tablet-based assessments utilising the E-Prime software (Psychology Software Tools, Pittsburgh, PA). Working
memory was assessed with the colour span backward task (Roebers & Kauer, 2009; Schmid et al., 2008). The total
number of correctly recalled trials was used as the dependent measure. Acceptable test-retest reliabilities are available
for a younger age group (Schmid et al., 2008). Inhibition and cognitive flexibility were assessed using a flanker task
(Eriksen & Eriksen, 1974), adapted from Rothlisberger et al. (2012). Reaction times in milliseconds were calculated as
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the dependent measure for inhibition and cognitive flexibility (Egger et al., 2019). The split-half correlations for
congruent and incongruent reaction times are r = .80-.83 (Stins et al.,, 2005).

Standardised academic achievement tests were used to assess academic performance in mathematics, reading, and
spelling: The Heidelberg Arithmetic Test 1-4 [Heidelberger Rechentest 1-4] (Haffner et al.,, 2005) records the level of
performance in the subject area of maths. The retest reliability is r« = .69-.89. The Salzburg Reading Screening 1-4
[Salzburger Lesescreening 1-4] (Mayringer & Wimmer, 2003) measures basic reading skills as required in a natural
reading context. The parallel test reliability for Year 2 is r =.92. The Hamburg Writing Sample 1-10 [Hamburger Schreib-
Probe 1-10] (May et al., 2018) measures learners’ spelling and basic spelling strategies. The retest-reliability of the
Hamburg Writing Sample for the grapheme hits is r« = .97. The values calculated according to the manual were used in
each case, representing the T-values for the grapheme hits.

One of the six constructs of the scholastic well-being questionnaire by Hascher (2004) assessed students’ positive
attitudes towards school (three items, e.g., “I enjoyed going to school”). The scale’s internal consistency was a = 0.83
(Hascher, 2004).

The PAQ-C Questionnaire (Kowalski et al., 2004) was employed to assess the self-rated MVPA level of students
throughout the school year. This instrument has demonstrated validity and reliability in measurement. Accordingly, all
item-scale correlations are above .30, and the scale reliability was acceptable for both genders (o = .80-.83) (Crocker et
al.,, 1997).

Socioeconomic status (SES) was assessed using the Family Affluence Scale II (Boudreau & Poulin, 2009). Information on
the goodness criteria can be found in Schnohr et al. (2013).

To calculate the body mass index (BMI), weight (in kilograms) was divided by the square of height (in metres), accounting
for sex and age (Himes, 2009). The data used to assess the BMI are based on reference values from a large sample of
German children (Kromeyer-Hauschild et al., 2001).

Procedure

In the EG (n = 30), children engaged in two 10-minute physical activity breaks daily. These breaks were derived from the
physical activity promotion program known as “Schule bewegt". Teachers facilitated the implementation of these breaks
using the module cards provided. The selection of specific physical activities during the breaks, as outlined by the
program’s guidelines, was determined by the students, the teacher, or randomly. The module cards encompassed
exercise breaks categorised into six areas: bone strengthening, endurance training, muscle strengthening, mobility
exercises, relaxation techniques, and dexterity activities. Throughout the 20-week intervention period, the teachers of
the EG classes administered the daily physical activity breaks. During this intervention phase, the EG teachers diligently
completed a daily self-report detailing the frequency and precision of implementation, serving as a form of treatment
control. The students within the CG (n = 50) followed regular school lessons without specifically staged physical activity
breaks.

During the pre- and post-measurements, at least two supervisors were present at all assessments and were responsible
for conducting standardised verbal instructions at the outset of each test session. Assessments were conducted in
different settings: tests related to EFs and background questionnaire variables were administered in a dedicated room
for groups of four students; academic achievement and scholastic well-being were assessed within the classroom; and
aerobic fitness performance was evaluated in the gym.

Data Analyses

Statistical analyses were performed with SPSS 28.0 (SPSS Inc., Chicago, IL, USA). The analyses were carried out in several
steps: (1) Firstly, the data set was adjusted for missing data and checked for outliers using Mahalanobis distance (Fidell
& Tabachnik, 2003). (2) The two study groups were then analysed for baseline differences using independent t-tests. (3)
Descriptively, all measured variables mean values and standard deviations of the CG and EG were determined and are
presented in Table 1. (4) As the prerequisites for a multilevel analysis were not fulfilled (only eight classes at the context
level; Hox et al,, 2018), the primary outcome variables (sedentary behaviour, step counts and MVPA level) were analysed
using separate ANOVAs. (5) The changes between the pre- and post-measurement of the secondary outcome variables
were analysed using separate analyses of covariance. The pre-measurement value of each variable was used as the
covariate. (6) A significance level of p < .05 was set for all tests. The partial Eta-square and Cohen’s d were used to
estimate the effect size.
Results

Preliminary Analyses

During the 20-week intervention, out of the planned 200 physical activity breaks of two 10-minute sessions per day, the
teachers carried out an average of M = 120 physical activity breaks, corresponding to an average implementation rate of
60%. The implementation rate was significantly higher in the first half of the intervention (M = 70.76; SD = 14.26) than
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in the second half (M = 49.24; SD = 13.61). The lowest implementation rate was 88, and the highest was 163 physical
activity breaks. In terms of treatment fidelity, the teachers reported that, on average, they were able to implement the
physical activity breaks almost precisely as described in the module cards (M = 3.70, SD = 0.21; on a 4-point Likert scale
from 1 = not at all to 4 = precisely as described).

Main Analyses

Table 1 presents the means and standard deviations for all variables. Analysis of the primary outcome variables (see
Figure 1) reveals that students in the EG spend significantly less time sitting (F(1, 79) = 9.95, p =.002, np2 =.113) and
have a significantly higher average number of step counts compared to the CG (F(1, 79) = 13.03, p <.001, 12 = .143).
Although EG students exhibit a higher level of MVPA descriptively, this difference is not statistically significant (F(1, 79)
=3.58, p =.062, np?=.044).

Table 1. Means and Standard Deviations of All Variables Separated by Both Study Groups.

All variables CGn=50 EGn=30
M (SD) M (SD)
Background variables
Age [in years] 8.04 (0.49) 7.83 (0.39)
Gender [girls/boys] 16/34 18/12
Socioeconomic status [0-9] 7.14 (1.59) 6.63 (1.21)
BMI [kg/m?] 16.19 (2.07) 16.23 (2.98)
Self-reported PA level [1-5] 2.91 (0.59) 3.03 (0.64)

Sedentary behaviour and physical activity
Average of sedentary behaviour [in minutes?]
Average of step counts?

181.25 (11.97)
3028.16 (680.19)

171.86 (14.32)
3659.53 (872.19)

Average time of MVPA level [in minutes?] 9.86 (2.86) 11.08 (2.68)
Executive functions (EFs)

Pre-test

Working memory [accuracy] 3.14 (0.35) 3.30 (0.53)
Inhibition [reaction timeb] 123.34 (243.60) 139.89 (122.33)

Cognitive flexibility [reaction timeP]
Post-test

Working memory [accuracy]
Inhibition [reaction timeb]
Cognitive flexibility [reaction timeP]

535.97 (349.06)

3.39 (0.63)
87.34 (94.31)
345.52 (169.53)

582.88 (327.92)

3.53 (0.77)
103.26 (93.32)
380.59 (155.51)

Academic achievement

Pre-test

Mathematics 51.63 (6.29) 52.45 (6.36)
Spelling 52.48 (3.44) 53.09 (6.52)
Reading 104.24 (13.66) 102.66 (14.09)
Post-test

Mathematics 57.31 (7.64) 55.96 (5.48)
Spelling 55.48 (4.43) 57.09 (4.33)
Reading 107.03 (18.04) 107.32 (14.87)

Fitness performance
Pre-test

Aerobic fitness performance [in minutes] 5.99 (1.63) 3.66 (2.34)
Post-test

Aerobic fitness performance [in minutes] 6.24 (2.15) 5.01 (2.23)
Mental health

Pre-test

Scholastic well-being [1-4] 3.37(0.58) 3.44 (0.50)
Post-test

Scholastic well-being [1-4] 3.21(0.47) 3.43 (0.40)

aAverage of five consecutive school mornings from 08:00 to 12:00 a.m.PReaction times measured in milliseconds.
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For the secondary outcome variables, individual ANCOVAs revealed no significant differences between the two study
groups regarding aerobic fitness performance, EFs, or academic achievement (see Table 2). However, a significant
difference was found in scholastic well-being. Specifically, while participants in the CG showed a decline in scholastic
well-being after 20 weeks, those in the EG maintained stable levels of well-being throughout the intervention.

Table. 2. Inferential Statistics of the Four Separate ANCOVAs Regarding the Secondary Outcome Variables Fitness
Performance, EFs, Academic Achievement, and Scholastic Well-Being at Pre- and Post-Test for the Two Groups.

Secondary outcome variables F P Mp?
Fitness performance

Aerobic fitness performance 1.06 .309 .014
Executive functions (EFs)

Working memory 0.44 .510 .006
Inhibition 0.48 492 .006
Cognitive flexibility 0.68 413 .009
Academic achievement

Mathematics 3.95 .050 .050
Spelling 3.34 .072 .043
Reading 0.85 .359 011
Mental health

Scholastic well-being 4.64 .034* .057

*p <.05
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Figure 1. The Means and Standard Deviations for the Three Primary Outcome Measures a) Average of Sedentary Time, b)
Average of Step Counts, and c) Average of MVPA Level During the Intervention Are Presented as Averages Over Five
Consecutive School Mornings From 8:00 to 12:00 a.m.
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Discussion

The pilot study aimed to examine the effectiveness of the Swiss physical activity program Schule bewegt. Over 20 weeks,
students in the EG engaged in two daily 10-minute classroom-based physical activity breaks. The primary outcome
measures included sedentary behaviour, step counts and MVPA level. Secondary outcomes focused on aerobic fitness
performance, cognitive performance (including EFs and academic achievement), and scholastic well-being before and
after the intervention. The results revealed significant differences between the CG and the EG regarding reduced
sedentary behaviour and increased step counts. However, no significant differences were found in MVPA levels. The
intervention did not significantly affect cognitive function, as measured by EFs and academic achievement. The program
helped maintain existing levels of scholastic well-being, preventing a decline typically observed towards the end of the
school year. A detailed discussion of these findings follows in the subsequent section.

Sedentary Behaviour, Step Counts, and MVPA

The results of the present study indicate that students of the EG spent 10 minutes less sedentary and took 630 more steps
during school mornings than their counterparts of the CG. In general, the findings of reduced sedentary behaviour and
enhanced step counts in the EG align with two recent reviews (Daly-Smith et al,, 2018; Masini et al., 2020), which also
found a decrease in sedentary behaviour and an increase in physical activity for students due to classroom-based physical
activity breaks such as hole-body movements behind a desk. Similar exercises are included in the program and thus
explain the two positive results found in favour of the experimental group. Although the program guidelines
recommended that teachers conduct 20 minutes of physical activity breaks daily, sitting time was reduced by only 10
minutes compared to the control group. This outcome may be explained by the fact that the physical activity breaks were
implemented only 60% of the time. In the second half of the intervention period, the average was even below 50%. Both
the frequency of implementation observed in this study and the existing evaluation by Feller et al. (2021) indicate a
decline in the use of the program over time, suggesting a lack of sustainable implementation. Therefore, it is uncertain
whether the positive effects will persist after the intervention ends, as other studies suggest that the effects disappear or
diminish following a guided implementation (Bailey et al., 2020; Hynynen et al., 2016).

The study found no significant differences in MVPA levels between the EG and CG, indicating that the current content of
the Schule bewegt program does not effectively enhance aerobic fitness in students. On average, students in the EG
engaged in MVPA for similar durations during school mornings as those in the CG. This explains the two groups’ lack of
improvement in aerobic fitness performance. This finding aligns with previous reviews and meta-analyses, such as those
by Love et al. (2019) and Neil-Sztramko (2021), which suggest that school-based physical activity interventions have
limited effects on increasing MVPA levels. However, other recent reviews highlight that classroom-based physical
activities can significantly improve MVPA, including higher-intensity exercises (Amor-Barbosa et al., 2022; Masini et al,,
2020; Peiris et al,, 2022). For example, Peiris et al. (2022) found that effective interventions, often lasting 5 to 9 weeks
with daily activities of 10 to 15 minutes, featured light jogging followed by high-intensity exercises like skipping, jumping,
and running in place (e.g., Drummy et al,, 2016). To enhance MVPA levels, it is crucial to modify the content of physical
activity breaks in the classroom to include more vigorous exercises. Currently, the Schule bewegt program focuses mainly
on low to medium-intensity activities. By incorporating a greater variety of activities that promote MVPA, the program
could increase physical activity intensity and help meet the recommended 30 minutes of daily physical activity during
school hours. Additionally, introducing physical activity breaks outside the classroom, such as in playgrounds, could
provide more opportunities for higher-intensity exercises. For example, Lubans et al. (2022) recommend incorporating
brief but vigorous activities to elevate MVPA levels among children and adolescents.

Another, more comprehensive approach to increasing MVPA levels through school-based physical activity programs is
proposed by Beets et al. (2016): This approach aims to (a) broaden school-based physical activity opportunities, (b)
prolong existing opportunities, and (c) optimise them to impact the physical activity levels of children and adolescents
positively. In the KISS study (Kriemler et al.,, 2011), a physical activity program was developed according to this approach,
which expanded the array of activities available by introducing additional physical activity breaks in the classroom,
extended the duration of physical education lessons, and enhanced quality through the involvement of trained physical
education teachers. The outcomes are promising, as the program has enhanced MVPA levels and aerobic fitness
performance. Thus, within the school environment, the program Schule bewegt should expand physical activity
opportunities — such as active learning approaches, actively commuting to and from school, and active breaks - to bolster
MVPA (Jones et al., 2020) and potentially improve children’s aerobic fitness performance.

Cognitive Performance

The findings regarding cognitive performance, including EFs and academic achievement, show a dichotomy. While the
20-week physical activity break intervention did not positively affect any of the six cognitive measures (working memory,
inhibition, cognitive flexibility, mathematics, spelling, reading) assessed, this result contradicts subjective assessments
reported by Feller et al. (2021), which anticipated improvements in attention performance due to the Schule bewegt
program. However, these results are not entirely surprising, as studies showing positive effects on children’s cognitive
functions through physical activity breaks typically use specific interventions designed to enhance cognitive functions
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(Masini et al., 2020). For example, Egger et al. (2019) demonstrated that targeted physical activity breaks incorporating
physical and cognitive challenges led to improved students’ EFs. Traditionally, physical and cognitive activities are
approached separately in school settings, but emerging recommendations suggest integrating physical activity with
learning content to maximise cognitive function outcomes (Mavilidi et al., 2018). For instance, combining movement with
learning, such as in language acquisition, can enhance academic achievement by creating strong memory traces and
improving recall (Madan & Singhal, 2012; Schmidt et al., 2019). Therefore, cognitive performance cannot be improved
solely through generic physical breaks, as included in the current program. Instead, enhancements in cognitive function
require either cognitively demanding physical breaks with appropriate difficulty levels (Anzeneder, Benzing et al., 2023;
Egger et al., 2018; Jager et al,, 2015), optimal dosages of activity (Anzeneder, Zehnder et al., 2023; Pesce et al,, 2013), or
task-relevant movements (Mavilidi et al., 2018).

Scholastic Well-Being

The descriptive findings on scholastic well-being indicate that students in both study groups reported high comfort levels
at school. However, a significant decline in scholastic well-being was observed among CG students between the pre-and
post-measurements. This decline could be attributed to the timing of the second measurement, conducted in June, shortly
before the end of the school year. It is likely that overall school fatigue towards the end of the academic year, compared
to six months before the Christmas holidays, contributed to this decrease. Hascher et al. (2011) have shown that
fluctuations in scholastic well-being can occur over a school year. Additionally, Schiipbach et al. (2016) found a slight
decline in positive attitudes toward school, particularly in the first two years of schooling. This could further explain the
decrease in scholastic well-being among CG students.

In contrast, EG students’ sustained high levels of scholastic well-being over the 20 weeks could be attributed to the
physical activity breaks. Systematic reviews by Papadopoulos et al. (2022) and Rafferty et al. (2016) suggest that school-
based physical activity interventions can positively impact well-being. Holt et al. (2019) also found that the effective
implementation of physical activity interventions can enhance well-being at school, particularly when students are
allowed to have a say in the content of physical activities, as suggested by self-determination theory (Deci & Ryan, 2000),
and when intergroup competition is not introduced. In this study, students in the EG were allowed to co-determine the
physical activity breaks, enhancing their sense of autonomy. Although this did not increase well-being - possibly due to
a ceiling effect - it contributed to maintaining their well-being.

Implementation of Intervention

Consistent and sustained implementation of interventions or programs is vital for achieving positive outcomes (Bailey
etal, 2020). However, the current study found that despite teachers being instructed to conduct and document physical
activity breaks daily, they did so only about 60% of the time on average. Moreover, the frequency of these breaks declined
to below 50% in the latter half of the intervention period. Similar findings were reported by Feller et al. (2021), where
only 45% of teachers who committed to conducting daily physical activity breaks in the Schule bewegt program did so
regularly, and over 20% implemented them less than once a week. These findings suggest that the effects observed in
this study regarding sedentary behaviour and physical activity might not be replicated in real-world settings, as sustained
and consistent implementation by teachers is challenging.

Despite these challenges, teachers play a crucial role in ensuring the long-term success of such programs (Daly-Smith et
al, 2021). In the current program, while there is material support like ideas and movement materials for children,
additional support for teachers is lacking. A review focusing on implementing physical activity interventions from a
teacher’s perspective highlights time constraints and the quality and availability of physical activity ideas as the main
barriers. Furthermore, teachers seek support from school administration based on a shared vision when trying to
integrate more physical activity into their daily routines (Naylor et al., 2015). To achieve this, appropriate training and
ongoing support for teachers and school staff are essential to ensure the sustainable implementation of school-based
physical activity programs (McMullen et al., 2022).

Conclusion

In conclusion, this study highlights the importance of the content and consistent implementation of school physical
activity programs. The Schule bewegt program, while effective in reducing sedentary behaviour and maintaining
scholastic well-being, did not significantly impact MVPA levels or cognitive performance, indicating that adjustments in
the intensity and integration of additional physical activities are necessary. The findings suggest that the program’s
physical activity breaks need to incorporate higher-intensity exercises and cognitively engaging tasks to achieve broader
benefits, such as improved aerobic fitness and cognitive function. Furthermore, the study underscores the critical role of
teachers in sustaining these interventions and the need for comprehensive support, including adequate resources and
administrative backing, to ensure effective program implementation. For future interventions, enhancing teacher
training and providing continuous support could be key strategies to optimise the success and sustainability of school-
based physical activity programs.
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Recommendations

Based on the study’s findings, several recommendations can be made to enhance the effectiveness of the Schule bewegt
program and promote physical activity in schools more broadly.

Firstly, the program should diversify the types of physical activities it includes to meet better the recommended 30
minutes of MVPA during school hours. This can be achieved by incorporating a broader range of activities, such as active
learning, structured physical activity breaks, walking initiatives, and additional sports programs before and after school
(Beets et al.,, 2016). High-intensity interval training programes, in particular, have been shown to enhance aerobic fitness
significantly (da Silva Bento et al., 2021) and mental health outcomes (Leahy et al., 2020) and should be considered for
integration into the program.

Secondly, to improve cognitive outcomes, physical activities should be tailored to include cognitive challenges. This can
be accomplished by designing activities that incorporate cognitive tasks with appropriate difficulty levels (e.g., Egger et
al,, 2018), ensuring optimal dosage (e.g., Anzeneder, Zehnder et al., 2023), or involving task-relevant movements (e.g.,
Mavilidi et al., 2018). Such modifications could enhance cognitive functions, including executive functions, and improve
overall academic achievement.

Thirdly, for the program to be effective, consistent and sustained implementation is crucial (Webster et al., 2015). This
requires the involvement of school management and other staff to embed physical activity into teachers’ daily routines,
thereby increasing acceptance and sustainability within the school environment. Designating physical activity leaders,
typically physical education teachers can provide essential support and guidance to all stakeholders, ensuring long-term
program success (Stoepker et al., 2020). In Switzerland, mainly, physical activity programs are often implemented at the
level of individual classes rather than at the school level; thus, adopting a comprehensive, multi-component approach
similar to the Comprehensive School Physical Activity Program (CSPAP) implemented in the United States could enhance
the effectiveness and sustainability of physical activity initiatives (Kuhn et al., 2021; Sutherland et al., 2016). This
approach, which involves various school settings and stakeholders, has successfully promoted and intensified physical
activity in schools in other countries and could serve as a model for future programs.

Lastly, schools require context-specific support to implement and maintain these programs effectively. This support
might include financial resources, such as compensating physical activity leaders, providing specialised teacher training,
equipping playgrounds, and engaging experts from the sports and health sectors (Carson et al,, 2014; Webster et al,,
2015). By adopting a holistic and systemic approach involving the entire school community, including students, schools
can foster a culture of lifelong physical activity, ultimately contributing to the long-term health and well-being of children
and adolescents.

Limitations

The present study has several limitations that should be noted. First, participant randomisation was conducted at the
class level, a common practice in school-based research. Due to time constraints during testing and the substantial
demands on participating children, the evaluation of potential confounding factors had to be limited. As a result, essential
variables such as disability or language status were not thoroughly assessed. Although teachers were asked in advance
about any disabilities or language deficits among participants, this method may not have fully captured these variables.
Additionally, objective physical activity was measured over only five consecutive school mornings rather than across the
entire intervention period. This limited timeframe may not fully represent students’ sedentary behaviour, step counts,
and MVPA levels throughout the program. Teachers’ awareness about when students wore the Actigraphs could also
have led to reactivity effects, potentially causing more consistent implementation of physical activity breaks and resulting
in data that might overestimate actual levels of sedentary behaviour and physical activity. Furthermore, randomisation
at the class level resulted in uneven group sizes, which could affect the robustness of the findings. However, ANCOVA is
generally resilient to differences in group sizes, provided that the assumptions of homogeneity are met (e.g., Howell,
2020; Montgomery, 2013). Lastly, the study only measured outcomes at the pre- and post-intervention stages. Including
follow-up assessments would have been more effective in evaluating the sustainability of the program’s effects. Future
research should incorporate additional follow-up assessments to better understand the long-term impacts and
sustainability of school-based physical activity programs.
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