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Abstract: Background: The school gives access to children, regardless of age, ethnicity, gender and
socio-economic class and can be identified as the key environment in which to promote children’s
physical activity (PA). The guidelines of the European Union recommend accumulating at least
10-min bouts of PA to reach the daily 60 min. Active breaks (ABs) led by teachers inside the classroom
represent a good strategy to promote PA. The aim of this pilot and feasibility study was to evaluate
the feasibility and effectiveness in terms of PA level of an AB programme in children aged 8–9 years
attending primary school. Methods: A pre-post quasi-experimental pilot and feasibility study was
performed in two primary school classes, one of which was assigned to a 14-week AB intervention
(AB group) and the other to the control group (CG). At baseline and at follow-up, children were
monitored for sedentary and motor activity during an entire week using ActiGraph Accelerometer
(ActiLife6 wGT3X-BT). The satisfaction of children and teachers was assessed by self-administered
questionnaires. Results: In the pre-post comparison, AB group (n = 16) showed a reduction in the
minutes spent in weekly sedentary activity (−168.7 min, p > 0.05), an increase in the number of step
counts (+14,026.9, p < 0.05) and in time spent in moderate to vigorous PA (MVPA): weekly MVPA:
+64.4 min, daily MVPA: +8.05 min, percentage of MVPA: +0.70%. On the contrary, CG showed a
worsening in all variables. ANCOVA analysis, after adjusting for baseline values, showed significant
differences between the AB group and CG for time spent in MVPA, percentage of MVPA and step
counts. The satisfaction of children and teachers was good. Teachers were able to adapt the AB
protocol to the needs of the school curriculum, thus confirming the feasibility of the AB programme.
Conclusions: This pilot and feasibility study showed the feasibility and effectiveness of the AB protocol
and represented the basis for a future controlled trial.
Keywords: children; school based intervention; moderate to vigorous physical activity; accelerometers
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1. Introduction
Scientific evidence continues to support the importance of physical activity (PA) for disease
prevention and health promotion in children and youth [1]. On the contrary, sedentary behaviours,
defined as any waking behaviours characterized by an energy expenditure ≤1.5 metabolic equivalents
(METs; 1 MET = rest), both in sitting and lying posture, [2] may have detrimental health consequences
during youth and later in life, depending on the type of sedentary behaviour and the age group
studied [3]. Based on a systematic review, Cliff et al. (2016) stated that, while the evidence of a negative
association between objectively measured sedentary time and health outcomes is still inconsistent,
there is strong evidence that screen time is associated with negative health-related outcomes in
children [4].
To reduce the risk of metabolic and cardiovascular diseases and to achieve all the benefits
mentioned above, the World Health Organization (WHO) recommends that children and adolescents
aged 5 to 17 years should accumulate at least 60 min per day of moderate to vigorous PA (MVPA) [5].
These guidelines are shared at the European level, except for Germany, and are also followed by
Russia [6].
In the USA, approximately 24% of children aged 6–17 participate in 60 min of PA. In New
South Wales children, this percentage is estimated at 19% [7]. Regarding the European countries,
the percentage compliance to recommendations is generally low, and in many European Union
countries, the number of inactive children (not compliant to recommendations) is constantly growing,
particularly in Italy, where only 9.5% of boys and 2.6% of girls accomplish the daily requirement [8].
The school represents the environment in which children and adolescents spend most of their
time; moreover, it gives access to children regardless of age, ethnicity, gender and socio-economic
class. For these reasons, the school can be identified as the key environment and a powerful socializing
setting in which to promote children’s good habits and PA [9]. The specific role of the school in
promoting health behaviour was investigated by various studies, which analysed how different school
organization could affect the adoption of good practices and avoid risk factors for health, also during
adulthood [10–12]. In particular, PA promotion in the school setting could be a good strategy aimed at
contrasting sedentary behaviours and improving physical skills and fitness.
Although physical education (PE) in the Italian setting is a fundamental part of all grade school
curricula, it is often not adequately conducted, especially in primary schools, where the time devoted
to PE is highly variable and lessons are performed by generalist teachers [13–15]. Consequently,
the experience of PA in Italian children is frequently confined to participation in a few training sessions
of sport alone, outside the school context, which is not enough to ensure the daily requirement of
MVPA [16,17].
The guidelines of the European Union recommend that the full dose of 60 min can be accumulated
in bouts of at least 10 min of PA [18]. The Italian Ministry of Health suggests, through its recent
guidelines, to use innovative learning theories and a new perception of physical education, in which PA
is promoted across various school-based activities [19]. In order to meet this goal and help children to
be active, opportunities need to be provided outside the traditional occasions of motor activity (recess
time and physical education class). Various studies were performed in the school setting to evaluate
the potential benefits of classroom-based PA interventions [17,20,21]. Incorporating short bouts of
activity throughout the school day could be a good strategy for children to accumulate the required
amount of PA [22]. Moreover, short duration active breaks (ABs), led by trained teachers inside the
classroom, are emerging as a promising way of increasing the PA levels and reaching positive learning
outcomes [23].
A recent systematic review with meta-analysis suggests that ABs have positive effects in term of
increasing PA levels and classroom behaviour. Lasting effects were obtained with the most intense
(10 min thrice a day for 12 weeks) or longer (10−15 min once a day for 9 months) interventions.
The majority of studies included in the review were performed in the USA and Australia, and to
a lesser extent, in Europe [24]. Only one study about active breaks was carried out in Italy [25],
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which experimented an AB intervention, consisting of two daily PA breaks three times a week in a
primary school, and showed the feasibility of the programme and its potential on the reduction of
children’s inactivity. However, its results were not conclusive, due to the absence of a control group.
The limited data available makes it necessary to investigate the Italian setting further. Therefore,
in preparation for a future controlled trial, we conducted a study to pilot-test the effects of active
breaks on physical activity levels in children attending a primary school in Northern Italy, and to
evaluate children’s and teacher’s acceptability/satisfaction and, based on their feedback, the feasibility
of the intervention.
We hypothesize that a 14-week classroom active break programme could positively affect the level
of physical activity and could be a sustainable and feasible intervention carried out by teachers.
2. Materials and Methods
2.1. Study Design, Participants and Setting
We conducted a pre-post quasi-experimental pilot and feasibility study in a primary school of
Northern Italy (Istituto Comprensivo “Castelletto”, Province of Bologna, Emilia-Romagna Region),
from February 2019 to June 2019. The University of Bologna Bioethics Committee approved the study
on the 25th January 2019. The study was carried out according to the Declaration of Helsinki and
approved by the school board. First of all, we scheduled a preliminary meeting, where we informed
the school manager and teachers about study aims, procedures and duration. After this step, a general
meeting with the children’s parents was scheduled in order to explain the content and the context
of the project. The informed consent of parents and permission for personal data processing were
necessary to participate in the study.
2.2. Procedures
Based on the teachers’ willingness, two out of ten classes of the primary school participated in the study.
One class of third grade was assigned to the experimental group (AB group) and another of the fourth-grade
class to the control group (CG). The two teachers of the experimental class participated in a training
day to understand all the exercises involved in the AB protocol. Control class teachers did not have to
participate in any training. The children in the control group were only involved in pre-post measurements.
The researchers provided a detailed manual with all the exercises proposed to the experimental group.
The AB protocol was developed on the basis of previous literature investigated through a systematic
review [24], with an innovative aspect represented by the introduction of high-intensity interval training
(HIIT), consisting of 40” of vigorous PA alternated with 20” of recovery, performed at least once a day.
The experimental class performed the AB protocol twice a day, usually the first break in the morning and
the second in the afternoon, for all the weekdays, during an intervention period of 14 weeks. Both groups
participated in the curricular physical education consisting of 2 h per week in the gym. Each AB lasted
10 min, divided into three different parts (Table 1).
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Table 1. Components of the Active Break Protocol.
Phase

Aim

Examples of the Type of Exercises

Duration

Warm-up

Physical activation
and mobility

“The traffic light”: all children stand next to
the desk and wait for the teacher’s
commands. When the teacher says “green”
the children have to start running quickly
on the spot, when the command is “yellow”
the children have to slow down and march
on the spot; finally, when the teacher says
“red” the children have to stop in position.

3 min

Tone-up

High-intensity
interval training
(HIIT); balance;
cooperation;
coordination
exercises

HIIT “jumping jack”: all children perform
jumping jack on the spot for 40”, followed
by 20” of rest in balance position

5 min

Cool-down

Breath control and
relaxation exercises
to restart the usual
academic lesson

“Flower and the candle”: children learn the
correct way to breathe by imagining to
inhale the scent of a flower and exhale
while blowing on a candle

2 min

In order to encourage the involvement of both teachers and children, the teachers were let free
to implement some exercises of the AB programme by using curricular contents (i.e., music, English
language, math content). They were asked to let us know comments and suggestions, especially
regarding the organization of the classroom environment where the AB protocol was performed.
2.3. Measures
Baseline data were collected, both in the experimental and control groups, during the three weeks
before the intervention. At baseline, weight, height, and waist circumferences of all children were
measured, and body mass index (BMI) and waist/height ratio (WtHR) were calculated.
The time spent in physical activity and sedentary behaviour was monitored through Actigraph
accelerometers (Actigraph, LLC, Pensacola, FL, USA) (ActiLife6 wGT3X-BT set to 10-s epochs).
This instrument is reliable, valid and accurate, as supported by various pieces of evidence, especially in
children [26–29]. The accelerometer data were analysed through ActiLife 6.13.3 software (ActiGraph,
LCC, Pensacola, FL, USA). The activity levels were categorized using Evenson 2008: sedentary cut
points (0–100), light (101–2295), moderate (2296–4011), vigorous (>4012), and MVPA minimum count
(2296) [30–32].
The children were asked to wear the accelerometers over seven days (five weekdays and two
weekend days), only to be removed when bathing, swimming and showering. Accelerometers
were attached to an elastic belt around the waist. In accordance with the existing literature [33],
we included in the analysis only children complying with some specific inclusion criteria: having
worn the accelerometer on at least 3 weekdays and 1 weekend day, and for at least 10 h every day.
After the end of the 14-week intervention, the same measurements and procedures were applied for
the follow-up session. During both the baseline and follow-up evaluation, the intervention group did
not perform the AB protocol.
We designed a self-administrated Active Break Questionnaire to investigate several aspects related
to the feasibility of the programme. Once the intervention had finished, both the children and the two
teachers of the experimental group completed the AB questionnaire. The children’s questionnaire
included 5 items focused on the satisfaction and enjoyment in performing ABs, with a response scale
of 3 qualitative points (yes, yes/no; no). The questionnaires for teachers included various domains
regarding the level of satisfaction, the feasibility, the effectiveness and the managing of the ABs.
It included 18 items exploring potential changes in the time on task classroom behaviour, attention and
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wellbeing of the children, and also their personal attitude in managing, implementing and organizing
ABs. Teachers were asked to give a score from 1 to 5 for each question.
2.4. Statistical Analysis
Differences in Actigraph parameters from baseline to follow-up were analysed within groups,
using the paired-samples t-test. Using anthropometric measures, children were stratified into two
categories, both for WtHR (the value of 0.5 was chosen as cut-off of cardiovascular risk) [34–36]
and BMI (overweight/obese and normal-weight children according to the International Obesity Task
Force classification) [37]. Data were analysed by ANCOVA adjusting for baseline values, in order to
evaluate the time spent in MVPA in function of WtHR and BMI. All tests were two-tailed, and the
significance level was set to p < 0.05. All analyses were carried out using IBM SPSS Statistics version 20.0
(IBM, Armonk, NY, USA).
3. Results
3.1. Study Participants
The two classes participating in the pilot and feasibility study included a total of 43 children
(Figure 1). Ten of these did not receive parents’ consent, so that they declined to participate.
Thus, the number of participants at baseline was 33 (mean age 9.02 ± 0.11; males: 51.5%), 17 in the
class assigned to the experimental group (AB group) and 16 in the class assigned to the control group
(CG). The percentage of children with a WtHR ≥ 0.5 was 53.1%, while 55.2% were overweight or
obese. The percentage of BMI overweight/obese in the control group was 64.3% vs. AB group 46.7%,
the percentage of WtHR at risk (≥0.5) in the control group was 68.8% vs. AB group 37.5%. However,
the differences between the groups are not statistically significant. The final analysis was performed
Int. J. Environ. Res. Public Health 2020, 17, 4351
6 of 15
on 16 children
in the AB group and 12 children in the CG.
Assessed for eligibility (n=43)

Excluded (n=10) – Declined to participate
D eclined to p articip ate in A B grou p (n=4)
D eclined to p articip ate in the control grou p (n=6)

Allocation (n=33)

Intervention goup (n=17)

Baseline

Control group (n=16)

Follow-up
Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analysis
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(n=4)

FigureFigure
1. Flowchart
through
eachofstage
of the study.
1. Flowchartofofparticipants
participants through
each stage
the study.
Figu re 1.Flow chart of p articip ants throu gh each stage of the stu d y

3.2. Physical Activity Levels
A total sample of 28 children provided baseline and follow-up measures that showed a normal
distribution using the “Explore” function of SPSS (Statistical Package for Social Science). Overall, in the
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AB group, all Actigraph measures improved at follow-up, while in the CG, all parameters worsened
(Table 2). In the AB group, a reduction in the number of minutes spent in sedentary activity was
observed (−168.7 min). Consequently, the weekly and daily minutes spent in MVPA (Weekly MVPA
+64.4 min, Daily MVPA +8.05 min), and the percentage of time spent in MVPA (+0.70%) increased
in the AB group. There was also an improvement in the number of weekly step counts (+14,026.9),
the only variable showing significant pre-post differences in the comparison within the AB group
(p < 0.001). The CG showed a not significant statistically decrease in all the Actigraph parameters,
from baseline to follow-up.
Using ANCOVA analysis, after adjusting for baseline values, a significant difference between the
AB group and the CG was found in all variables, except the time spent in sedentary activities and daily
MVPA (Table 2).
Stratifying children by BMI categories, it can be noted that, after the intervention, the time spent
in MVPA is longer in normal-weight children compared with overweight/obese children, in both the
AB group and CG (Figure 2a). However, no significant differences were found by ANCOVA, adjusting
for baseline values. Stratifying children by WtHR, it can be noted that the time spent in MVPA is the
same in all children of the AB group, while the CG children with WtHR ≥ 0.5 (cardiovascular risk)
spent a shorter time in MVPA compared with children with WtHR < 0.5. Therefore, in both the risk
and no risk categories of the AB group, a general improvement in the total time spent in MVPA was
observed, while in the CG, the subgroup at risk (WtHR ≥ 0.5) showed a worsening compared with the
subgroup not at risk (Figure 2b). Moreover, in this case, ANCOVA after adjusting for baseline values,
did not highlight any significant differences between the AB group and CG.
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Table 2. Outcome measures at baseline, follow-up and changes at 14 weeks.
Active Break (AB) Group (n: 16)
Baseline

Follow Up

Change

WithinGroup

Baseline

Follow Up

Change

WithinGroup

Between
Groups

Mean ± SD

Mean ± SD

Mean ± SD

p Value

Mean ± SD

Mean ± SD

Mean ± SD

p Value

p Value a

8124.0 ± 485.3
292.0 ± 36.7
36.5 ± 18.4
2.9 ± 1.5
43,921.4 ± 13,555.5

7955.3 ± 435.2
356.4 ± 171.4
44.6 ± 21.4
3.6 ± 1.7
57,948.3 ± 14,401.8

−168.7 ± 504.0
+64.4 ± 136.0
8.05 ± 17.0
0.7 ± 1.4
14,026.9 ± 13,746.6

0.20
0.07
0.08
0.07
0.01

7753.3 ± 432.8
300.5 ± 143.6
42.2 ± 19.7
3.1 ± 1.4
53,041.3 ± 17,089.7

7880.8 ± 548.8
258.3 ± 98.8
36.9 ± 14.1
2.7 ± 1.0
47,602.3 ± 16,536.9

+127.5 ± 609.7
−42.2 ± 103.5
−5.3 ± 14.4
−0.4 ± 1.1
−55439.0 ± 14,076.3

0.48
0.19
0.22
0.22
0.21

0.79
0.03
0.06
0.03
0.01

Variables

Sedentary Activity (min/week)
Weekly MVPA (min)
Daily MVPA (min)
MVPA%
Step Counts (n/week)

Control Group (n: 12)

a

Changes in measures between baseline and follow-up are compared using ANCOVA with correction for baseline scores.

(cardiovascular risk) spent a shorter time in MVPA compared with children with WtHR < 0.5.
Therefore, in both the risk and no risk categories of the AB group, a general improvement in the total
time spent in MVPA was observed, while in the CG, the subgroup at risk (WtHR ≥ 0.5) showed a
worsening compared with the subgroup not at risk (Figure 2b). Moreover, in this case, ANCOVA
after adjusting for baseline values, did not highlight any significant differences between the AB group
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Teachers declared that the AB group improved the time spent on tasks, classroom behaviour
and involvement during work activity. Furthermore, teachers reported that the AB intervention
reduced conflicts among children. They also reported a positive influence on their work. Teachers
assigned positive scores regarding AB feasibility, effectiveness, and management, and they expressed
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Teachers declared that the AB group improved the time spent on tasks, classroom behaviour and
involvement during work activity. Furthermore, teachers reported that the AB intervention reduced
conflicts among children. They also reported a positive influence on their work. Teachers assigned
positive scores regarding AB feasibility, effectiveness, and management, and they expressed their
willingness to repeat the experience (Figure 4). Teachers and children in the control group did not fill
Int. questionnaire,
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Figure 4. Teachers’ answers to the AB questionnaire.
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4. Discussion

This study evaluated the feasibility and effectiveness of an AB intervention, in terms of physical
This study
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the feasibility
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in terms ofaccelerometer
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The AB
group obtained
a pre-post
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in all Actigraph
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level.
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a
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and number
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withafter
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compared
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group. Other
MVPA and number of steps, with significant differences compared with the control group. Other
showed that classroom-based ABs increased children’s physical activity levels [23,38,39]. Daily Smith
studies showed that classroom-based ABs increased children’s physical activity levels [23,38,39].
et al. investigated the effect of ABs with academic content (active learning) on PA level, cognitive
Daily Smith et al. investigated the effect of ABs with academic content (active learning) on PA level,
and academic
outcomes.
foundThey
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PA level
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outcomes.
foundimprovement
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and
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several
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as
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that which is impaired in several developmental disorders, such as dyslexia [41], and autism [42].
[41], and autism [42]. A benefit of one bout of exercise on multisensory processing, (i.e., the ability to
appropriately integrate information from different sensory modalities), has been demonstrated in the
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A benefit of one bout of exercise on multisensory processing, (i.e., the ability to appropriately integrate
information from different sensory modalities), has been demonstrated in the elderly [43], but there is
also the need to better investigate this cognitive ability in children, as it represents a foundation to
learning and cognitive development [44].
Therefore, a school-based intervention of active breaks of 10 min twice a day with HIIT exercises
inside the AB protocol could allow one to reach the daily 60 min of MVPA recommended by the
WHO and could represent a good strategy to promote active behaviours within the classroom context,
encouraging good practice, to be translated into everyday life. Our results are in line with those
reported by Drummy et al. [23]
This AB intervention also seems to be effective in children with WtHR ≥ 0.5, who increased the
time spent in MVPA to the same extent as children with WtHR < 0.5. This finding is of particular
relevance, considering that WtHR is an index of cardiovascular risk [34–36] in adulthood and children
with high WHTR are those who most need to move actively. On the contrary, the children of the control
group worsened their PA habits, and the level of time spent in MVPA at follow-up worsened to a
greater extent in children at risk, compared with those not at risk.
Children expressed a positive evaluation toward ABs, claiming that they felt better, and more
focused, and that they experienced enjoyment. Moreover, teachers highlighted the beneficial effects
of Abs, in terms of general wellbeing, classroom behaviour and improvement in work activity.
The feedback from both children and teachers confirms various aspects of the feasibility of AB
programmes in the school context: for children, the AB programme was fun, pleasant and gave them
a higher tolerance to being in the classroom; teachers found it manageable, useful for controlling
children’s classroom behaviour and, in general, effective. Other studies showed that classroom-based
ABs improved children’s time on task behaviour during academic instruction [38,39]. The favourable
opinion of the teachers was also expressed with regards the feasibility of the AB intervention. Their
satisfaction with the project was such that they spontaneously continued to propose the active breaks
also in the following school year, outside the terms of the study. All this supports the possibility of
including ABs within the normal school curriculum [25,38].
This study has some limitations. First of all, the sample was small and not randomized. It was very
hard to randomize the groups, because few teachers were interested in participating. Other studies
focused on classroom AB intervention confirmed these issues [39,45,46]. The collaboration of teachers
is fundamental to carry out the project, because they are an active part of it, especially to develop a
sustainable initiative that should continue when the research team no longer supervises the project.
Erwin et al. showed that motivated teachers were essential to keep adherence to the project irrespective
of teachers who did not really believe in the power of this instrument [45]. For this reason, we performed
ABs only in the class in which the teachers were really interested to support this activity. Due to this
limitation, the data of the questionnaire from teachers should be treated with caution and needs future
verification. Another aspect that could represent a limitation is the seasonality, because the baseline
assessments were made in early January (winter) while the follow-up in May (spring). Moreover,
the other two aspects that could represent a limitation are the following: active breaks intensity
has never been assessed during the intervention and physical activity has been evaluated only with
accelerometers. Despite these limitations, this pilot and feasibility study was useful to test how to
implement this type of intervention in the school setting. The results encourage us to implement the
protocol with a structured study involving a larger sample of children and teachers, and investigating
other aspects, in particular the effects of ABs on cognitive functions and quality of life [47,48].
To our knowledge, only one other study was conducted in Italy to evaluate the feasibility and
effectiveness of classroom AB intervention [25]. The study of Calella et al. used different tools for
assessing the PA levels and different ways of administering active breaks; however, it led to findings
similar to our own. Unlike the study of Calella et al., we compared an intervention group with a
control group, and measured the PA level at follow-up after the AB protocol was finished. Therefore,
the observed improvements cannot be attributed to the time dedicated to ABs in the classroom,
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but to the spontaneous physical activity of the children, which also continued after the intervention.
Other studies are needed to confirm these findings, assessing whether classroom active breaks can also
affect children’s motor habits outside the school context. Notwithstanding its limitations, this study
was useful to plan and manage a future study with a longer intervention period and a larger sample of
children and teachers involved.
5. Conclusions
This AB protocol provided evidence of being effective and feasible, thanks to its simple application
and sustainability, as confirmed by the positive feedback from both children and teachers. AB could
be a possible intervention to reduce inactivity, contributing to reach the goal of 60 min daily MVPA.
This pilot and feasibility study showed the feasibility and effectiveness of the AB protocol in primary
school children and represents the basis for a future controlled trial.
Author Contributions: Conceptualization, L.D., A.C., and A.M.; methodology, L.D., A.C., A.T., and S.T.; formal
analysis, L.D., A.M., and S.M.; investigation and data curation, L.D., A.M., S.M., and G.L.; writing—original draft
preparation, A.M., and S.M.; writing—review and editing, E.L., A.C., S.T., and A.T.; supervision, E.L., A.C., and
L.D. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Acknowledgments: The authors would like to thank the school authorities, teachers, children, and parents
participating in the project. The authors would also like to thank Professor Paola Rucci for supervision in the
statistical analysis.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.

5.

6.

7.

8.

9.

10.

Poitras, V.J.; Gray, C.; Borghese, M.M.; Carson, V.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Pate, R.R.;
Gorber, S.C.; Kho, M.E.; et al. Systematic review of the relationships between objectively measured physical
activity and health indicators in school-aged children and youth. Appl. Physiol. Nutr. Metab. 2016, 41,
S197–S239. [CrossRef]
Sedentary Behaviour Research Network. Letter to the Editor: Standardized use of the terms “sedentary”
and “sedentary behaviours”. Appl. Physiol. Nutr. Metab. 2012, 37, 540–542. [CrossRef] [PubMed]
De Rezende, L.F.M.; Lopes, M.R.; Rey-Lopez, J.P.; Matsudo, V.K.R.; Luiz, O.D.C. Sedentary Behavior and
Health Outcomes: An Overview of Systematic Reviews. PLoS ONE 2014, 9, e105620. [CrossRef] [PubMed]
Cliff, D.; Hesketh, K.D.; Vella, S.A.; Hinkley, T.; Tsiros, M.; Ridgers, N.D.; Carver, A.; Veitch, J.; Parrish, A.;
Hardy, L.L.; et al. Objectively measured sedentary behaviour and health and development in children and
adolescents: Systematic review and meta-analysis. Obes. Rev. 2016, 17, 330–344. [CrossRef] [PubMed]
World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization:
WHO Press: Geneva, Switzerland, 2010; Available online: https://www.who.int/dietphysicalactivity/globalPA-recs-2010.pdf (accessed on 26 May 2020).
World Health Organization. Physical Activity factsheets for the 28 European Union Member States of the
Who European Region; World Health Organization: Copenhagen, Denmark, 2020; Available online: http:
//www.euro.who.int/pubrequest (accessed on 26 May 2020).
Hardy, L.L.; Mihrshahi, S.; Drayton, B.A.; Bauman, A. NSW Schools Physical Activity and Nutrition Survey
(SPANS) 2015; Full Report; NSW Department of Health: Sydney, Australia, 2016. Available online:
https://www.health.nsw.gov.au/heal/Publications/spans-2015-summary-report.PDF (accessed on 26 May 2020).
Konstabel, K.; on behalf of the IDEFICS consortium; Veidebaum, T.; Verbestel, V.; Moreno, L.A.; Bammann, K.;
Tornaritis, M.; Eiben, G.; Molnár, D.; Siani, A.; et al. Objectively measured physical activity in European
children: The IDEFICS study. Int. J. Obes. 2014, 38, S135–S143. [CrossRef] [PubMed]
Vitali, F.; Robazza, C.; Bortoli, L.; Bertinato, L.; Schena, F.; Lanza, M. Enhancing fitness, enjoyment, and
physical self-efficacy in primary school children: A DEDIPAC naturalistic study. PeerJ 2019, 7, e6436.
[CrossRef] [PubMed]
Zhu, W. A Multilevel Analysis of School Factors Associated with Health-Related Fitness. Res. Q. Exerc. Sport
1997, 68, 125–135. [CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 4351

11.
12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
27.
28.
29.

30.

12 of 13

Maes, L.; Lievens, J. Can the school make a difference? A multilevel analysis of adolescent risk and health
behaviour. Soc. Sci. Med. 2003, 56, 517–529. [CrossRef]
Kristensen, P.L.; Olesen, L.G.; Ried-Larsen, M.; Grøntved, A.; Wedderkopp, N.; Froberg, K.; Andersen, L.B.
Between-school variation in physical activity, aerobic fitness, and organized sports participation: A multi-level
analysis. J. Sports Sci. 2012, 31, 188–195. [CrossRef]
Commissione Europea/EACEA/Eurydice. Educazione Fisica E Sport a Scuola in Europa. Rapporto Eurydice;
Rapporto Eurydice: Luxembourg, 2013. Available online: http://eacea.ec.europa.eu/education/eurydice
(accessed on 26 May 2020).
Colella, D. Physical education in primary school in Italy. The Sbam! program for the promotion of physically
active lifestyles. In Physical Education Quality in Management and Teaching; Scheuer, C., Antala, B., Holzweg, M.,
Eds.; Logos Verlag: Berlin, Germany, 2015.
D’Elia, F. The training of physical education teacher in primary school. J. Hum. Sport Exerc. 2019. [CrossRef]
Sacchetti, R.; Dallolio, L.; Musti, M.A.; Guberti, E.; Garulli, A.; Beltrami, P.; Castellazzi, F.; Centis, E.;
Zenesini, C.; Coppini, C.; et al. Effects of a school based intervention to promote healthy habits in children
8-11 years old, living in the lowland area of Bologna Local Health Unit. Ann. Ig. 2015, 27, 432–446. [PubMed]
Sacchetti, R.; Ceciliani, A.; Garulli, A.; Dallolio, L.; Beltrami, P.; Leoni, E. Effects of a 2-Year School-Based
Intervention of Enhanced Physical Education in the Primary School. J. Sch. Heal. 2013, 83, 639–646. [CrossRef]
[PubMed]
EU Physical Activity Guidelines Recommended Policy Actions in Support of Health-Enhancing Physical
Activity. 2008. Available online: https://ec.europa.eu/assets/eac/sport/library/policy_documents/eu-physicalactivity-guidelines-2008_en.pdf (accessed on 26 May 2020).
Ministero della Salute, Direzione generale della prevenzione sanitaria. Linee Di Indirizzo Sull’attività Fisica per
Le Differenti Fasce D’età E Con Riferimento a Situazioni Fisiologiche E Fisiopatologiche E a Sottogruppi Specifici Di
Popolazione; Ministero della Salute: Rome, Italy, 2019. Available online: http://www.salute.gov.it/imgs/C_17_
pubblicazioni_2828_allegato.pdf (accessed on 26 May 2020).
Sacchetti, R.; Ceciliani, A.; Garulli, A.; Masotti, A.; Poletti, G.; Beltrami, P.; Leoni, E. Physical fitness of
primary school children in relation to overweight prevalence and physical activity habits. J. Sports Sci. 2012,
30, 633–640. [CrossRef] [PubMed]
Dallolio, L.; Ceciliani, A.; Sanna, T.; Garulli, A.; Leoni, E. Proposal for an Enhanced Physical Education
Program in the Primary School: Evaluation of Feasibility and Effectiveness in Improving Physical Skills and
Fitness. J. Phys. Act. Health 2016, 13, 1025–1034. [CrossRef]
Murtagh, E.; Mulvihill, M.; Markey, O. Bizzy Break! The effect of a classroom-based activity break on
in-school physical activity levels of primary school children. Pediatr. Exerc. Sci. 2013, 25, 300–307. [CrossRef]
Drummy, C.; Murtagh, E.; McKee, D.P.; Breslin, G.; Davison, G.W.; Murphy, M.H. The effect of a classroom
activity break on physical activity levels and adiposity in primary school children. J. Paediatr. Child. Health
2016, 52, 745–749. [CrossRef]
Masini, A.; Marini, S.; Gori, D.; Leoni, E.; Rochira, A.; Dallolio, L. Evaluation of school-based interventions of
active breaks in primary schools: A systematic review and meta-analysis. J. Sci. Med. Sport 2020, 23, 377–384.
[CrossRef]
Calella, P.; Mancusi, C.; Pecoraro, P.; Sensi, S.; Sorrentino, C.; Imoletti, M.; Franzese, A.; Gallè, F.; Liguori, G.;
Valerio, G. Classroom active breaks: A feasibility study in Southern Italy. Health Promot. Int. 2019, 35,
373–380. [CrossRef]
Trost, S.G.; Pate, R.R.; Sallis, J.F.; Freedson, P.S.; Taylor, W.C.; Dowda, M.; Sirard, J. Age and gender differences
in objectively measured physical activity in youth. Med. Sci. Sports Exerc. 2002, 34, 350–355. [CrossRef]
Rowlands, A.V.; Stone, M.R.; Eston, R.G. Influence of Speed and Step Frequency during Walking and Running
on Motion Sensor Output. Med. Sci. Sports Exerc. 2007, 39, 716–727. [CrossRef]
McClain, J.J.; Abraham, T.L.; Brusseau, T.A.; Tudor-Locke, C. Epoch Length and Accelerometer Outputs in
Children. Med. Sci. Sports Exerc. 2008, 40, 2080–2087. [CrossRef] [PubMed]
Dollman, J.; Okely, A.D.; Hardy, L.L.; Timperio, A.; Salmon, J.; Hills, A.P. A hitchhiker’s guide to assessing
young people’s physical activity: Deciding what method to use. J. Sci. Med. Sport 2009, 12, 518–525.
[CrossRef] [PubMed]
Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of
physical activity for children. J. Sports Sci. 2008, 26, 1557–1565. [CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 4351

31.
32.

33.

34.

35.
36.

37.
38.

39.

40.

41.
42.
43.

44.
45.
46.
47.
48.

13 of 13

Trost, S.G.; Loprinzi, P.D.; Moore, R.; Pfeiffer, K.A. Comparison of Accelerometer Cut Points for Predicting
Activity Intensity in Youth. Med. Sci. Sports Exerc. 2011, 43, 1360–1368. [CrossRef] [PubMed]
Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Nyström, C.D.; Mora-Gonzalez, J.; Löf, M.; Labayen, I.;
Ruiz, J.R.; Ortega, F.B. Accelerometer Data Collection and Processing Criteria to Assess Physical Activity
and Other Outcomes: A Systematic Review and Practical Considerations. Sports Med. 2017, 47, 1821–1845.
[CrossRef] [PubMed]
Rich, C.; Geraci, M.; Griffiths, L.J.; Sera, F.; Dezateux, C.; Cortina-Borja, M. Quality Control Methods
in Accelerometer Data Processing: Identifying Extreme Counts. PLoS ONE 2014, 9, e85134. [CrossRef]
[PubMed]
Ashwell, M.; Hsieh, S.D. Six reasons why the waist-to-height ratio is a rapid and effective global indicator for
health risks of obesity and how its use could simplify the international public health message on obesity.
Int. J. Food Sci. Nutr. 2005, 56, 303–307. [CrossRef]
Maffeis, C.; Banzato, C.; Talamini, G. Waist-to-Height Ratio, a Useful Index to Identify High Metabolic Risk
in Overweight Children. J. Pediatr. 2008, 152, 207–213. [CrossRef]
McCarthy, H.D.; Ashwell, M. A study of central fatness using waist-to-height ratios in UK children and
adolescents over two decades supports the simple message—‘Keep your waist circumference to less than
half your height’. Int. J. Obes. 2006, 30, 988–992. [CrossRef]
Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatr. Obes. 2012, 7, 284–294. [CrossRef]
Carlson, J.A.; Engelberg, J.K.; Cain, K.; Conway, T.L.; Mignano, A.M.; Bonilla, E.A.; Geremia, C.; Sallis, J.F.
Implementing classroom physical activity breaks: Associations with student physical activity and classroom
behavior. Prev. Med. 2015, 81, 67–72. [CrossRef] [PubMed]
Mahar, M.; Murphy, S.K.; Rowe, D.A.; Golden, J.; Shields, A.T.; Raedeke, T.D. Effects of a Classroom-Based
Program on Physical Activity and On-Task Behavior. Med. Sci. Sports Exerc. 2006, 38, 2086–2094. [CrossRef]
[PubMed]
Daly-Smith, A.; Zwolinsky, S.; McKenna, J.; Tomporowski, P.D.; DeFeyter, M.A.; Manley, A. Systematic review
of acute physically active learning and classroom movement breaks on children’s physical activity, cognition,
academic performance and classroom behaviour: Understanding critical design features. BMJ Open Sport
Exerc. Med. 2018, 4, e000341. [CrossRef]
Hahn, N.; Foxe, J.J.; Molholm, S. Impairments of multisensory integration and cross-sensory learning as
pathways to dyslexia. Neurosci. Biobehav. Rev. 2014, 47, 384–392. [CrossRef] [PubMed]
Baum, S.H.; Stevenson, R.A.; Wallace, M.T. Behavioral, perceptual, and neural alterations in sensory and
multisensory function in autism spectrum disorder. Prog. Neurobiol. 2015, 134, 140–160. [CrossRef]
O’Brien, J.; Ottoboni, G.; Tessari, A.; Setti, A. One bout of open skill exercise improves cross-modal perception
and immediate memory in healthy older adults who habitually exercise. PLoS ONE 2017, 12, e0178739.
[CrossRef]
Quak, M.; London, R.E.; Talsma, D. A multisensory perspective of working memory. Front. Hum. Neurosci.
2015, 9, 9. [CrossRef]
Erwin, H.E.; Beighle, A.; Morgan, C.F.; Noland, M. Effect of a Low-Cost, Teacher-Directed Classroom
Intervention on Elementary Students’ Physical Activity. J. Sch. Health 2011, 81, 455–461. [CrossRef]
Ma, J.K.; Mare, L.L.; Gurd, B.J. Classroom-based high-intensity interval activity improves off-task behaviour
in primary school students. Appl. Physiol. Nutr. Metab. 2014, 39, 1332–1337. [CrossRef]
Howie, E.K.; Beets, M.W.; Pate, R.R. Acute classroom exercise breaks improve on-task behavior in 4th and
5th grade students: A dose–response. Ment. Health Phys. Act. 2014, 7, 65–71. [CrossRef]
Berg, V.V.D.; Saliasi, E.; De Groot, R.H.M.; Chinapaw, M.J.M.; Singh, A.S. Improving Cognitive Performance
of 9–12 Years Old Children: Just Dance? A Randomized Controlled Trial. Front. Psychol. 2019, 10, 174.
[CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

