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ABSTRACT
The aim of the current study was to investigate the impact of classroom-
based physically active brain-breaks on the in-school activity levels of
Grade 1 (six- to eight-years-old) learners (N = 48) by comparing baseline
results to the intervention PA patterns of the participants. Children
wore Actigraphs accelerometers for five consecutive school days, and
thereafter they participated in a six-week active brain-breaks (10-minute
bouts of PA) intervention. On a typical school day, children spend an
average of 106.2 ± 30.9 minutes in sedentary behaviour, 43.7 ± 13.7
minutes in moderate PA and 26.5 ± 13.6 minutes in vigorous PA. No
differences were found between boys and girls. During the intervention,
the children’s sedentary behaviour decreased (100.1 minutes) and their
vigorous PA increased (34 minutes). The results emphasise the
importance of participation in daily FMS and PA in order to increase
Grade 1s’ in-school PA patterns and decrease sedentary behaviour.
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Introduction

The physical activity (PA) guidelines proposed by the World Health Organization (WHO) recommend
that children should participate in 60 minutes of moderate-to-vigorous physical activity (MVPA) per
day (McLellan et al. 2020). South Africa’s 2018 Report Card on Physical Activity for Children and Youth
reported that between 48 and 51.7% of children meet the 60-minute requirement of MVPA per day
(Draper et al. 2018). Furthermore, Cooper et al. (2015) concluded that less than 40% of children
between the ages of nine and ten-years old in 10 different countries meet the daily recommended
guidelines. According to the WHO, these recommended guidelines play an important role in chil-
dren’s movement behaviours, development and the prevention and management of childhood
obesity and non-communicable diseases (Draper et al. 2020). It is evident that a great portion of
South African school children are overweight and obese (Müller et al. 2019). There is a positive
relationship between PA, health and the overall well-being of a child (McLellan et al. 2020); therefore,
it is crucial to ensure that children participate in PA to decrease inactivity. This means that there
remains concern to examine effective ways to enhance children’s PA (Draper et al. 2018).

Walter (2011) measured the in-school PA patterns of South African children during school time
(five consecutive school days) using Actigraph accelerometers. The results indicate that children
spend 35 minutes of their school day participating in MVPA, which contributes to 58% of the
daily recommended guidelines. Another South African study explored the PA patterns of children
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and concluded that boys were more active than girls (Van Biljon et al. 2018). Tomaz et al. (2020) also
measured the PA patterns of South African children using Actigraph accelerometers and concluded
that children participated in 37 minutes of MVPA per day. The majority of the children in the Tomaz
et al. (2020) study met the daily recommended guidelines of MVPA. Tremblay et al. (2017) purport
that although global efforts have been implemented to increase PA and decrease sedentary time,
the issue remains a challenge for governments, schools, therapists, teachers and parents.

Schools present an ideal environment for the implementation of PA and classroom-based inter-
ventions that can potentially enhance children’s in-school PA levels and contribute to the rec-
ommended guidelines as stipulated by the WHO (Pate et al. 2006). Primary school children spend
an average of 6 hours per day at school, and 65% of this time is spent being sedentary (Hegarty
et al. 2016). Clemes et al. (2015) also contend that many children are sedentary during a typical
school day as they sit most of the time. The school environment can, therefore, be the hub where
interventions can be implemented in order to make a difference in children’s PA levels (Dobbins
et al. 2013). Children who adopt sedentary behaviour are more likely to experience cardiometabolic
risk factors and lower self-esteem, as well as possible lower cognitive development (Mazzoli et al.
2019). School-based interventions can also possibly decrease risk factors for the development of
chronic diseases (Müller et al. 2019). As researchers, teachers, parents and therapists try to increase
the PA levels of children during and after school hours, there is a necessity to monitor the PA pat-
terns of children during the day (Malan and Nolte 2017). Monitoring children’s in-school PA patterns
can provide an indication of whether children participate in an adequate amount of PA during the
day. Additionally, monitoring their PA patterns can determine the effect of PA interventions on chil-
dren’s PA levels (Malan and Nolte 2017). In South Africa, school children are exposed to daily lunch
breaks where they can play, as well as participate in physical education (PE) class once per week
(between 40 and 45 minutes). However, the stand-alone status of PE as a school subject is unfortu-
nately losing its importance in South African schools (Draper et al. 2018). Fundamental movement
skills (FMS) are locomotor, object control and stability skills, which are the basic movement patterns
that children between the ages of four and seven years old require (Barnett et al. 2016). FMS need to
be practised continuously (Barnett et al. 2016); making it crucial for children to master these skills to
enable the development of positive PA trajectories throughout life and to start partaking in sport-
specific skills. Therefore, the need to investigate the implementation of classroom-based activities,
such as active brain-breaks, could possibly enhance children’s FMS and increase PA (Egger et al.
2019).

Active brain-breaks are short bouts of PA without educational content, which take place inside a
classroom (Norris et al. 2019). During active brain-breaks, children participate in a variety of PA in the
classroom that provides an opportunity to take a short break from academic work and potentially
increase their in-school PA levels (Salmon 2010; Watson et al. 2017). By monitoring active brain-
break interventions, the current study could provide an indication of whether any changes took
place in the PA levels of children during a typical school day. Implementing classroom-based PA
interventions, such as active brain-breaks could potentially help children to be more active during
the day, decrease sedentary time in the classroom, improve PA, enhance attention and on-task
behaviour, as well as improve academic achievement (Mazzoli et al. 2019; Ma, Le Mare, and Gurd
2015). To date, only one study has implemented a classroom-based brain-break intervention in
South Africa (Mok et al. 2020). The aforementioned study examined a three- to five-minute active
brain-break intervention (twice a day, five days a week over a four-month period) via videos and
determined the children’s attitudes toward PA by using a questionnaire (Mok et al. 2020). The
most important finding from the study of Mok and colleagues was that the PA breaks improved
the children’s attitude toward PA.

The current study focused on a classroom-based active brain-break intervention with a focus on
FMS, mainly because a good FMS foundation can over time lead to the development of PA that is in
line with the Stodden model (Hulteen et al. 2018). No study in SA has investigated an FMS active
brain-break intervention and the effect it has on children’s PA levels during a school day. The
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current study only explored the in-school PA of children, children in South Africa spend a large
portion of their day at school and this is the best way teachers can assist them to be more active
and develop their FMS. The activities of the intervention were based on integrated neuromuscular
training (INT) programmes, which are based on various essential gross motor skills, such as loco-
motor and object control skills (FMS) (Faigenbaum, Farrell, and Fabiano 2011; Duncan, Eyre, and
Oxford 2017). This study examined the following research question; Do classroom PA brain-breaks
impact the in-school activity levels of Grade 1 children from the Western Cape?

Methods

Participants

This was a Comparative Effectiveness Research design (CER) (pre- post-test design with no control
group) as well as a descriptive study design. The purpose of a CER study is to address the effective-
ness of an intervention and does not necessarily have to be compared with a control group, there-
after the intervention can be revised and researchers can make recommendations of what benefits
the intervention demonstrated as well as what the gaps are. CER is important as it is designed to
improve health care decision making by giving evidence about the efficacy and benefits of
specific interventions (Concato et al. 2010).

Following institutional approval (#8456) from the Research Ethics Committee (REC) of the insti-
tution involved and the Education Department of the region, six- to eight-year-old children from
a school in the Western Cape Province, South Africa, (N = 48 [n = 28 boys and n = 20 girls]), volun-
teered to participate in the current study. Written consent from the parents/ legal guardians and
assent from the children were obtained prior to participation. The school had three Grade 1
classes; two classes formed the experimental group. Participants were included in the study if:
they were in Grade 1, attended the selected schools, parents completed the informed consent
form and the children signed the assent form. Participants were excluded if they had a hearing or
sight impairment, were unwilling to participate in the measurements, had severe medical conditions,
for example, heart or ear defect, and were unable to run or jump or miss more than 30% of the
intervention.

Procedures

The data collection and intervention took place at the specific school. Accelerometers monitored the
children’s in-school PA patterns during five consecutive school days before the intervention started
(baseline testing), as well as on four days during the intervention. The devices were placed on the
children’s dominant wrist at 08:00 in the morning and were taken off at 13:00 in the afternoon.
Each monitor had a unique code to ensure each child wore the same monitor every day. The
researcher kept a daily logbook of the exact times the accelerometers were placed on and taken
off in order to make the non-wear time easily recognisable during the data analysis.

Intervention

The two experimental classes participated in a 10-minute classroom-based active brain-break inter-
vention twice a week over 6 weeks, which added up to 24 active brain-breaks. The first active brain-
break took place early in the morning (between 08:15 and 08:45) and the second one later in the
morning (between 10:30 and 11:00). The specific times of the intervention were allocated by the
schools and the researcher had no control over them. The active brain-breaks took place in the class-
room behind each child’s desk/chair or on the carpet. The intervention had no effect on the school
curriculum of the children, and the researcher had no control over what the children did during the
rest of their school day. The researcher and two assistants were present at each session to explain
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and demonstrate the activities until the children understood what to do, as well as to assist and
correct the children where necessary and to ensure that the children participated in all the activities.

The self-designed active brain-breaks were based on INT programmes and incorporated loco-
motor and object control skills with the aim of enhancing and strengthening children’s FMS and
physical fitness levels (Duncan, Eyre, and Oxford 2017). The specific intervention activities (locomotor
and object control skills) were chosen by the researcher, activities that needed minimal space to
execute were chosen as well as activities that could have been done in different variations. The activi-
ties were chosen as they gave the children the opportunity to practice their FMS, which is necessary
for their age. See Table 1 for the intervention outline and focuses. Two FMS (Table 1) were chosen
each week. Recognising that FMS such as leap, gallop and slide are more difficult to master inside a
classroom, specific attention was given to activities that attempted to develop these skills.

Accelerometery

Children’s PA was measured using a wrist-worn Actigraph GT3X+ accelerometer (Actigraph LLC, Pen-
sacola, FL; USA). Each device was programmed to capture data from 08:00 on Monday to 13:00 on
Friday. The ActiLife version 16.13.4 (ActiLife LLC, Pensacola, FL; USA) was used to initialise and down-
load in 5-second epochs, as well as to clean and score all data. Objective measurements such as
accelerometers were used to monitor children’s PA patterns, as well as to establish time spent
being sedentary and/or in MVPA. This has become a more feasible and objective method than ques-
tionnaires and self-reported measurements (Migueles et al. 2017). Accelerometers, which measure
the acceleration of body segments, can be worn on the hip, waist or wrist. In the literature, there
is disagreement about whether hip- or wrist-worn placements are more accurate. Studies under-
taken by Fairclough et al. (2012) and Berglind and Tynelius (2018), purports that the hip placement
is more reliable. However, Noonan et al. (2018) found that wrist-worn devices presented more
reliable results and children found them to be more comfortable than hip-worn devices. What is
crucial is not only the placement of the device but also the classification of sedentary behaviour,
moderate and vigorous PA. In some cases, sedentary time can be overestimated and MVPA under-
estimated or vice versa, or irregular PA data can be collected. Therefore, researchers face challenges
when it comes to the appropriate classification of sedentary time and how to quantify it (Tremblay
et al. 2017). Migueles et al. (2017) provide guidance to researchers regarding the placement of accel-
erometers, as well as different cut-points (time spent in sedentary behaviour, moderate and vigorous
PA), that can be used.

The researcher made sure each participant wore the device during the day. The time that the chil-
dren did not wear the device (between 13:30 and 08:00) was erased after data collection to avoid
non-wear or sedentary time. Only data recorded from 08:00 to 13:00 was considered as a valid
day and was considered for analysis. The devices were initialised to capture data at 100 Hz and
the low-frequency extension was not enabled. Cut-points of Crouter et al. (2013) were used to deter-
mine the different intensities of PA. Sedentary <275, light physical activity (LPA) were between 276
and 415 counts per 5 seconds, moderate physical activity (MPA) between 461 and 777 counts per 5
seconds and vigorous physical activity (VPA) <778 counts per 5 seconds (Crouter et al. 2013).

Statistical analysis

Mixed model ANOVA was performed to compare activity times between the pre- and intervention
zones. The participants were included as a random effect and gender zone and period as fixed
effects. Fisher’s least significant difference (LSD) was used for post hoc testing. Recognising within
the pre-test measurements (baseline testing), that on day four, children participated in a PE
lesson. This was atypical of their habitual PA patterns and would skew the pre data in terms of repre-
senting habitual PA, the analysis was rerun omitting this day’s data. A comparison was made
between the four days of pre-tests where no PE was present and the four specific days that the
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children participated in the active brain-break intervention. The Cohen’s D effect sizes were deter-
mined to see if there were any practical differences.

Results

The final sample (N = 48) consisted of six- to eight-year-old learners (M = 6.6, SD = 0.4). Table 2 dis-
plays a composite score (five consecutive school days combined), of the mean and SD time
(minutes) that the children spend in sedentary behaviour, moderate and vigorous PA during a
typical school day from 08:00 to 13:00 (actual wear time = 300 minutes) as well as the percentage
that children spend in sedentary behaviour, moderate and vigorous PA during the day. The activity
zones are defined as sedentary, moderate and vigorous.

Figure 1 demonstrates the children’s PA in each activity zone (sedentary, moderate and vigorous)
during the pre-test and on the intervention days.

Figure 2 demonstrates the mean and SD for the sedentary behaviour, moderate and vigorous PA
during four pre-test days (day four with PE lesson excluded) and the four days of the intervention.

There was a statistically significant difference (p < .05) (Figure 2) between the sedentary behav-
iour, moderate and vigorous PA of the participants. Figure 2 indicates increased activity in the

Table 2. Mean and SD for sedentary, moderate and vigorous PA.

Sedentary
(minutes) Sedentary %

Moderate
(minutes) Moderate %

Vigorous
(minutes) Vigorous %

Overall (Baseline testing) 106.2 ± 30.9 35 43.7 ± 13.7 14 26.5 ± 13.6 8
Boys (Baseline testing) 108.1 ± 30.7 36 42.9 ± 13.0 14 26.2 ± 13.9 8
Girls (Baseline testing) 103.6 ± 31.2 34 44.8 ± 14.6 14 26.8 ± 13.9 8
Overall (During intervention) 100.1 ± 20.0 33 41.9 ± 11.6 13 34.1 ± 11.9 11
Boys (During intervention) 102.7 ± 18.7 34 41.9 ± 10.4 13 32.9 ± 11.0 10
Girls (During intervention) 96.5 ± 21.2 32 42.0 ± 13.1 14 32.9 ± 11.0 10

Figure 1. Sedentary, moderate and vigorous pa (mins) during pre-test and intervention.
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intervention period due to a significant decrease of time spent in sedentary behaviour, coupled with
increased time spent in vigorous PA. On a typical school day, participants spent an average of 106.2
minutes in sedentary behaviour, whereas during the intervention it was 100.1 minutes (p < .01), the
Cohen’s D effect sizes indicate a small practical difference (0.25). For moderate PA, participants spent
an average of 44 minutes in this category and during the intervention, 41 minutes (p < .01), there was
only a small practical difference (0.16) according to Cohen’s D effect sizes. Lastly on a typical school
day, participants spent an average of 26 minutes in vigorous PA and during the intervention 34
minutes (p < .01), the Cohen’s D effect sizes indicate a medium practical difference (0.61).

Discussion

This study explored the in-school PA levels of the children on five consecutive school days, and
thereafter the children participated in a six-week active brain-break intervention. During the pre-
test, the children took part in a typical PE lesson on day four, after a second statistical analysis
was performed; day four was excluded in order to see what the effect of the brain-breaks was.
During the intervention, the children were monitored with accelerometers on four random days
in order to determine if any changes took place in their sedentary behaviour, moderate and vigorous
PA levels. The duration of each school day was 5 hours (300 minutes) from 08:00 to13:00. Walter
(2011, 2014) showed that the participants in their studies were 66% sedentary during a school
day, which indicates that the participants in the current study were more sedentary than the children
of Walter’s study.

In the current study, children only had one 20-minute break during the school day. According to
the guidelines of Pate et al. (2006) children should participate in 30 minutes of MVPA during a typical
school day. In the current study, the children met the recommendations of Pate et al. (2010). Gidlow
et al. (2008) found that children performed 29.3 minutes of MVPA during a school day (08:00–14:00).
In the above-mentioned study, a statistically significant difference was evident between boys and

Figure 2. Sedentary, moderate and vigorous pa (mins) between pre-test and intervention.
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girls; boys were more sedentary than girls. The South African studies (Walter 2011; Van Biljon et al.
2018), concluded that boys were more active than girls. However, the children who participated in
that study were older (8- to 14-years-old) than the population group of the current study.

As reported in the results, on day four the children participated in a typical PE lesson during which
their vigorous PA demonstrated a tremendous spike and their sedentary behaviour decreased.
Therefore, the researcher can speculate that participation in PE lessons can potentially increase chil-
dren’s in-school PA levels, especially because of the time duration of the lessons. However, the chil-
dren only get exposed to one PE lesson per week. During the intervention of the current study, the
participants had the opportunity to practise FMS on a regular basis and the aim was to determine
whether active brain-breaks had an effect on their in-school PA levels. A statistically significant differ-
ence was found between the time that children were spending in sedentary behaviour and moder-
ate PA, compared to the time spent in vigorous PA; the study found that they spent less time in
sedentary behaviour and moderate PA and more time in vigorous PA. No statistically significant
differences were found between boys and girls. The researcher can only speculate that the boys
and girls partake in the same amount of PA during school time. Therefore, it could be speculated
that the active brain-breaks increased the participants’ in-school PA levels on the specific days
that they participated in the intervention. In an attempt to increase primary school children’s in-
school PA levels, in the study done by Scruggs, Beveridge, and Watson (2003) a morning and
lunch as well as a fitness break intervention was implemented during the school day, which
lasted for 15 minutes and consisted of a variety of locomotor and non-locomotor activities.
Scruggs, Beveridge, and Watson (2003) concluded that the fitness breaks increased the children’s
PA levels and contributed to their MVPA. Bershwinger and Brusseau (2013) implemented a study
similar to the current one, where children were monitored using pedometers during a school day
and thereafter activity breaks were conducted. The children’s MVPA increased significantly when
they participated in the activity breaks (Bershwinger and Brusseau 2013). Walter (2014) explored
the PA patterns of primary school children using accelerometers and implemented a six-week inter-
vention. The study concluded that the intervention increased the children’s MVPA and decreased
their sedentary behaviour time (Walter 2014). The increases in children’s PA levels made a valuable
contribution to the daily 60 minutes of MVPA recommendation (Walter 2014). A few studies (Whitt-
Glover et al. 2011; Erwin, Koufroudakis, and Beighle 2013; Carlson et al. 2015; Calvert et al. 2017;
Calella et al. 2019), monitored children using accelerometers and implemented 10- to 15-minute
active brain-breaks and concluded that children were less sedentary and that the intervention con-
tributed to their daily MVPA.

The current study examined the in-school PA patterns of children during a pre-test period and
during classroom-based active brain-breaks. The results showed a significant increase in the vigorous
PA patterns of the children during school time and consequently reduced sedentary behaviour as
well. Thus, indicating that the active brain-breaks had a potential positive impact. It was clear that
taking part in a PE lesson provided by the school can significantly increase their in-school PA
levels. Therefore, the active brain-breaks can likely increase children’s moderate and vigorous PA
levels on the days where no PE is scheduled on the timetable. The active brain-breaks can be a
good daily supplement and add on to their daily routine. Moreover, schools need to realise the tre-
mendous effect that PE has on children’s in-school PA levels and place more emphasis on PE on a
weekly basis. However, it would provide added value if schools could implement active brain-
breaks during the school day because it would potentially provide an opportunity for children to
continuously practise FMS and increase their MVPA levels, especially on the days where there is
no PE. The active brain-breaks could potentially contribute to the holistic development of children
by enhancing their mental, physical, emotional and social development. Giving children the oppor-
tunity to engage in physical activities during their school day can have a positive outcome on their
school performance and enhance concentration and attention, children will also feel more motiv-
ated and focused. Previous research found that classroom-based active brain-breaks had positive
effects on children’s on-task behaviour and academic performance and provided children with
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the opportunity to take short breaks from academic work (Mazzoli et al. 2019). The current study only
examined children’s in-school PA levels during a typical school week (pre-test) and during randomly
selected active brain-break days. Future studies could potentially implement active brain-breaks
daily, as well as investigate which activities provided the most MVPA. The current study will make
a valuable contribution to the South African literature on the PA levels of children and also indicate
that it is practically possible and economical to implement active brain-breaks in the classroom to
promote children’s in-school PA during the day.
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