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Background: Promoting physical activity (PA) in children is associated with a wide range
of desired outcomes. With children increasingly not meeting recommended levels of
activity, the school setting offers many opportunities to improve this. Increasing children’s
on-task behaviour is of particular importance to teachers, and while it has previously been
suggested that PA can improve classroom behaviour, a consensus on the dose-response
relationship of PA content, and its interaction with children’s individual differences, is yet to
be reached. This study aimed to investigate this relationship more closely and assess the
differences between objective and subjective measures of PA intensity.

Method:Data was collected from 76 primary school-aged children (M age � 9.3 years, SD
� 0.7 years; 46 females). The PE lesson intervention followed a 3 (intensity: low, medium,
high) by 2 (complexity: low, high) within-person design. Children’s task-behaviour was
observed pre- and post-the intervention PE lesson during “business as usual” classroom
lesson. PA was measured objectively with wrist-worn accelerometer devices for 24 h
before the intervention, and subjectively rated on a five-point Likert scale after each
intervention lesson.

Results: The results indicated a difference in subjective and objective measures of PA
intensity on children’s on-task behaviour. Objective measures positively predicted task-
behaviour at moderate to high intensities, whereas subjective ratings were beneficial only
at sub-maximal intensity. Findings suggested that boys’ on-task behaviour improved at higher
intensities, whereas girls were also responsive to lower intensity lessons. Less active children
showedmore improvement in on-task behaviour after a range of lessons,whereasmore active
children only benefited from the highest intensity lessons. Finally, children exhibiting the highest
levels of off-task behaviour improved their on-task behaviour after all intervention lessons.

Conclusion: The findings suggest that higher intensities of PA have a generally positive
effect on children’s subsequent behaviour, although certain individual characteristics make
children more responsive to lower PA intensities. Furthermore, passive off-task behaviours
were less prevalent after lower-intensity PA. Thus, individual differences, as well as the
target behaviour, are important factors to take into account when designing optimal PE
lessons for improving classroom behaviour.
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1 INTRODUCTION

Children and adolescents around the world are not meeting the
minimum daily requirement of moderate-to-vigorous physical
activity (MVPA), with only one in four children aged 11 being
sufficiently active in 2017/18 (Inchley et al., 2020), and a
declining trend from early adolescence into early adulthood
(van Sluijs et al., 2021). Physical activity (PA) is widely
accepted to be beneficial to physical, mental, and cognitive
health, both during childhood and into later life (van Sluijs
et al., 2021), making PA behaviour in youth a crucial target for
interventions. The school environment is widely accepted to be
a fitting setting to implement PA. Especially as many children
are limited in their opportunities for exercise available to them,
school becomes the ideal environment to ensure that children
have the opportunity to partake in PA (Mahar, 2011). Yet,
recent meta-analyses show that PA interventions in schools
fail to reach the desired outcome of increasing activity levels in
youth, and especially in girls (Owen et al., 2017; van Sluijs
et al., 2021). Coupled with a trend in schools for decreasing the
time allocated to breaks and PE lessons, increasing PA
participation in schools is an imperative topic to investigate.
It is vital to develop an intervention that will successfully
engage students in the activity while also yielding the desired
outcomes across physical, mental, and cognitive health
domains. We investigated the dose-response relationship
between the PA content of PE lessons (complexity,
objective, and subjective intensity—the dose) and
subsequent task-behaviour in primary school classrooms
(the response), and whether this relationship differed based
on the individual characteristics of the participants (BMI, sex,
habitual PA, and baseline task-related behaviour). We posed
the following research questions:

1) Is there a difference between the effects of subjective and
objective measures of PA intensity on on-task behaviour?

2) Does the response to PA differ for passive and active off-task
behaviours?

3) Are there specific sub-samples of participants who respond
more or less favourably to PA? And if so, which subgroups and
which PA parameters?

We hypothesised that 1) higher intensity PA would have the
greatest positive effect (Ma et al., 2014), and that this response
would not differ between subjective and objective measures of PA.
Based on the cognitive-energetic model (Unsworth & Robinson,
2020), we expected that 2) active off-task behaviours would be
most strongly reduced after medium and high intensity PA. Yet,
for passive off-task behaviour, we expected that medium, but not
high intensity PA would lead to the greatest reduction, as high
intensity PA may induce tiredness rather than a state of
activation. Finally, we expected 3) more positive effects for all
PA types and intensities for children who have lower baseline on-
task behaviour (Mahar et al., 2006), for boys (van Sluijs et al.,
2021), and for those who are more regularly active (Jäger et al.,
2015). We did not expect to find effects of BMI (Martin et al.,
2018).

To increase PA levels in children, Beets et al. (2016) suggest the
theory of expanded, extended, and enhanced opportunities for
physical activity. Although this theory is not limited to PA
opportunities in schools, all three strategies are applicable to
the school setting. Expanding involves increasing the frequency of
MVPA opportunities (i.e., more breaks or PE lessons), extending
means increasing the duration of MVPA opportunities
(i.e., longer breaks), and enhancing is improving the quality of
the PA opportunities available to increase the amount of MVPA
(i.e., reducing time spent listening to instructions, quicker
transitions between tasks). The PA opportunities in schools
need to be of high quality, implementing developmentally
appropriate activities which children will benefit from the
most: improving their physical, mental, and cognitive health,
including behaviour, executive functions and other
developmental outcomes. Moreover, these interventions need
to be designed for sustained, large-scale implementation (van
Sluijs et al., 2021).

1.1 PA and Learning Behaviour
There is increasing evidence that behavioural engagement in the
classroom, operationalised as time-on-task or on-task behaviour,
is improved by PA (Masini et al., 2020). Studies in both pre-
adolescents (e.g., De Greeff et al., 2016) and adolescents (e.g.
Kubesch et al., 2009; Mavilidi et al., 2021) indicate that attention
and on-task behaviour are positively affected by PA. Although
results are heterogeneous, for example Goh et al. (2018) finding
no significant improvement in on-task behaviour post-
intervention, the majority of studies investigating on-task
behaviour in primary school classrooms have found positive
effects of PA on time-on-task (e.g., De Greeff et al., 2018;
Masini et al., 2020). This improvement in task-focus has been
attributed to the break from school work provided by a physical
activity (Mavilidi et al., 2019), improved executive functions,
including inhibition (Vogan et al., 2018; Mahar, 2019), and
improvements in affective state (Lubans et al., 2016; Burns
et al., 2017). The focus in the wider literature appears to be on
improving on-task behaviour, while reduction in off-task
behaviour is implied, and less often measured or reported
explicitly. Literature on the specific nature of off-task
behaviours (passive or active) in relation to PA is scarce and
this study contributes to this field by not only investigating the
effects of PA on on-task behaviour, but also on passive and active
off-task behaviours separately. Ma et al. (2014) found that both
active and passive off-task behaviour in 2nd and 4th grade pupils
was reduced after PA breaks. Active off-task behaviours, in
particular motor behaviour, were reduced more greatly than
passive off-task behaviours (ES � 0.31–0.45 vs ES � 0.48–1.08)
in their study (Ma et al., 2014). On the contrary, Snyder et al.
(2017) found a significant reduction in passive off-task behaviour
in their intervention classroom compared with the control
classroom, and no significant effect for off-task active
behaviours in the intervention group. Therefore, some
ambiguity in the findings is present and this emphasises the
need to further investigate and differentiate off-task behaviours.
A common characteristic of numerous studies is the nature of the
interventions being classroom-based (e.g., Goh et al., 2016;
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Snyder et al., 2017; Goh et al., 2018; Maykel et al., 2018), whereas
the present study aims to assess a purposefully designed PE lesson
intervention instead. Therefore, this is a further gap in the
literature that we aim to contribute to.

1.1.1 Physical Activity Intensity
Vigorous PA is important to physical health. For example,
Buchan et al. (2011) found moderate and high intensity PA to
significantly improve physical fitness, but only high intensity PA
improved physiological outcomes such as systolic blood pressure.
There appears to also be a favorable indication that, compared to
low intensity, more vigorous PA is related to both achievement
and elements of cognitive development. Cross-sectional findings
suggest that the intensity of PA needs to be over a certain
threshold to have an association with academic achievement;
Ayan et al. (2014) found a positive correlation between higher
achievement and more PA at high intensities in children aged
12–14. Similar findings were identified in younger children,
where those who partook in vigorous PA scored higher on
measures of school readiness and self-regulation (Kybartas
et al., 2021).

Acute PA intensity has also been directly linked to on-task
behaviour. The cognitive-energetic model (Unsworth &
Robinson, 2020) poses that a physical state of activation after
PA—and in particular when this is coupled with feelings of
positivity—has a beneficial impact on cognitive performance
and behaviours. The percentage of PA time spent at MVPA
has been positively associated with the percentage of time-on-task
during subsequent instructional time (Szabo-Reed et al., 2017).
And, in another investigation of on-task behaviour, Grieco et al.
(2016) found that behavioural engagement increased far more
after moderate-to-vigorous (ES � 1.22) than low-to-moderate
intensity (ES � 0.43) PA breaks.

However, in their meta-analysis, Sember et al. (2020) noted
that a limitation in many studies investigating classroom PA
interventions is that the intensity of the physical activity
implemented is not reported. In fact, they suggest that PA
improves academic achievement not only through increased
frequency of PA, but also the intensity. Therefore, in the
present study it was decided to measure PA both objectively
and subjectively, using accelorometer watches and children’s self-
reports, respectively. A complication in vigorous PA promotion
in school settings is that, for many, objective PA intensity
recording is not practical without the involvement of research
teams and the practicality and cost of measuring equipment. And,
as interventions need to be not only effective, but applicable at a
larger scale (van Sluijs et al., 2021), this study investigated
objective and subjective PA intensity alongside each other.
Therefore, it was important for this research to incorporate
subjective PA in order to establish whether children’s
subjective perceptions of exertion are comparable to
objectively measured ratings in terms of their relationship to
subsequent task-related behaviour. Subjective ratings of intensity
can easily be obtained by teachers during PE lessons or PA breaks
to monitor PA intensity, making them a vital aspect of school-
based PA research.

1.1.2 Physical Activity Complexity
In recent years, complex, or cognitively engaging, and PA is
increasingly being investigated. It is assumed that during PA, the
overlapping brain regions for motor skills and cognitive functions
vital to learning and attention are stimulated, which facilitates
subsequent learning activity (Steinlin, 2007). Recent studies have
concluded that a combination of MVPA and cognitively
engagement in chronic PA is most beneficial to academic
performance (Egger et al., 2019; de Bruijn et al., 2020) and
executive functions (Ishihara et al., 2017), although not all
studies found cognitive engagement to enhance the effects of
PA interventions. For example, Meijer et al. (2021) found that the
MVPA content of the intervention predicted cognitive outcomes
beyond the element of cognitive engagement during PA. The
acute effects of cognitively engaging PA are equally unclear, with
Egger et al. (2018) reporting a deterioration in shifting
performance in children directly after complex PA, whilst
Benzing et al. (2016) found that cognitive flexibility of young
male adolescents was improved after cognitively engaging PA.
Finally, no main effect of complexity on subsequent on-task
behaviour was found in the current sample in previously
published results (Heemskerk et al., 2019).

1.2 Individual Characteristics
This study investigated the role of individual characteristics in the
relationship between acute PA and task-behaviour.
Characteristics included in the analyses are BMI, sex, habitual
PA participation, and baseline task-related behaviour in the
classroom.

1.2.1 Baseline Task-Behaviour
Children who spent less than 50% of instructional time on-task in
the study by Mahar et al. (2006) responded far more strongly to
PA breaks and improved their on-task behaviour with an effect
size of d � 2.2. Although it may seem obvious that those who start
at a lower baseline have more room for improvement, and thus
may respond more strongly to interventions, this still has strong
educational implications. When students are off-task, they not
only affect their own learning potential, but also that of those
around them (Godwin & Fisher, 2011). This is particularly the
case when the off-task behaviour is active, which can disrupt
whole classrooms. This study specifically investigated how PA
influences those students who have the lowest levels of on-task
behaviour, as well as those with the highest levels of both passive
and active off-task behaviours.

1.2.2 Sex
Although childhood inactivity is a problem in both boys and girls
(Inchley et al., 2020), girls have been found to be between 5 and
30% less active than boys (Jurakić & Pedišić, 2013) and to benefit
less from PA interventions in the school setting (Owen et al.,
2017; van Sluijs et al., 2021). Individual studies have found
differences in effects based on sex; Ma et al. (2014) reported
favourable results for boys; although passive off-task behaviour
was reduced in both sexes, and only boys reduced their active off-
task behaviour. However, Wilson et al. (2016), in an all-boys
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sample, found no results of PA breaks outside of the classroom.
And Grieco et al. (2016) found that changes in on-task behaviour
after PA were unrelated to sex, fitness level, and or BMI.

1.2.3 Habitual Physical Activity
Participation in leisure time PA has been positively linked to
academic outcomes in children (Erickson et al., 2015). Moreover,
Syväoja et al. (2018) found that aerobic fitness—an outcome of
regular exercise—positively mediated the relationship between
PA and academic achievement in 9–15 year-olds. These studies
did not, however, assess children’s response to acute PA in light of
their regular PA or level of fitness. Jäger et al. (2015) did find that
the acute effects of a PA intervention session on executive
functioning were significant only in higher-fit participants.
This result related to updating performance, not inhibition or
working memory, and no measure of behavioural engagement
was involved in this study (Jäger et al., 2015).

1.2.4 BMI
Results on the role of BMI in the effect of PA on task-behaviour
are sparse. Often, overweight and obese samples are investigated
in isolation, or BMI is used as a control variable rather than a
predictor. In a systematic review of PA interventions for
overweight and obese youth, Martin et al. (2018) found no
evidence of increased inhibition control after PA. This is in
line with the results from a study by Mora-Gonzalez et al.
(2019), who found no association of chronic MVPA or
sedentary time with EF in an overweight and obese sample. In
contrast to these results, Sun et al. (2021) report a standardised
mean difference of SMD � 0.30 [95% CI 0.002–0.600] for chronic
PA on core EF in studies of obese and overweight children. This is
somewhat greater than the effect found by Álvarez-Bueno et al.
(2017) in a meta-analysis including studies of both healthy- and
overweight children (ES 0.20, [95% CI 0.10–0.30]). Moreover, for
the domain of inhibition and selective attention, they carried out
a subgroup analysis based on weight status. They report an effect
size for the whole sample of ES � 0.26 [95% CI 0.10–0.41], and an
overweight and obese subgroup effect size of ES � -0.02 [95% CI
−0.22–0.17], suggesting a smaller effect of PA on inhibition and
selective attention in overweight and obese children, compared to
healthy-weight children (Álvarez-Bueno et al., 2017). Finally, in a
review of studies on the effects of chronic PA and weight-status
on cognitive performance, Chang et al. (2017) concluded that in
studies applying models where the effects of chronic PA were
moderated by BMI, results have been inconclusive. Worse effects
for those with higher BMI were reported in studies with samples
of morbidly obese adults, whilst a mixture of positive and null
results were found in studies with children (Chang et al., 2017).

Results from studies of acute PA are also mixed. In a
laboratory-based study, Vazou and Smiley-Oyen (2014) found
that PA prevented the worsening of reaction times on a standard
flanker task (a measure of inhibition) only in overweight children.
Reaction times of healthy-weight children remained stable after
both the physically active and seated maths conditions, whereas
overweight children performed worse after the seated, but not the
active maths task (Vazou & Smiley-Oyen, 2014), suggesting that
BMI positively moderates the effect of PA on cognition. Yet, in a

classroom-based study with a sample of both overweight and
healthy-weight children, and specific to on-task behaviour,
Grieco et al. (2016) found that the effects of PA in children
aged 7 to 9 did not differ based on BMI. Moreover, Grieco et al.
(2016) report that, although on-task behaviour decreased more
greatly during inactive classroom lessons in children with higher
BMI, PA intensity did not interact with BMI.

2 MATERIALS AND METHODS

2.1 Sample and Procedure
The study obtained ethical approval from the Departmental
Research Ethics Committee at the University of Oxford
Department of Education. A total sample of 108 children from
grades 3–5 of four primary schools in Oxfordshire, South-East
England were recruited to be part of the study. Sufficient data for
analysis was available from 76 children (M age � 9.3 years, SD �
0.7 years; 46 females), including valid behaviour observations and
objective and subjective PA records. Written consent was
obtained from parents allowing their children to participate.
Prior to commencing the study, all child participants also
provided written assent and their weight and height were
recorded using digital scales (Salter, model 9018 SSV3R) and
measuring tape. This allowed for BMI z-scores to be calculated for
each child in accordance withWHO parameters for age- and sex-
adjusted BMI (M � 0.60, range � −1.55–3.71). To measure
objective PA, child participants wore GENEActiv
accelerometers (Activeinsights, 2012) on the wrist of their
non-dominant hand. The research team fitted the
accelerometers on the children prior to them leaving school
on the day before the intervention was to take place, so that
children wore the accelerometers for 24 h. Teachers rated

TABLE 1 | Sample descriptives.

Variable Categories n M/% SD Min Max nti
1

Age (years) 76 9.25 0.66 7.90 10.44
BMI2 76 0.60 1.27 −1.55 3.71
Observations 76 49.7 1.2 40 50 38,933
Self-reports Classroom 76 29.7 7.1 2 36 2,259

PE 76 5.5 0.9 1 6 418
Sex Girl 46 60.5%

Boy 30 39.5%
Handedness Left 10 13.2%

Right 66 86.8%
Year group Y3 12 15.8%

Y4 39 51.3%
Y5 25 32.9%

Attainment below ARE3 12 15.8%
at ARE 35 46.1%
above ARE 29 38.2%

Active child4 yes 35 58.3%
no 25 41.7%

Note: 1 Total number of items, nested in weeks, nested in participants. 2 BMI z-score for
age and sex, based on WHO guidelines (de Onis et al., 2007). 3 ARE � Age-Related
Expectation for academic achievement. 4 Active child � achieved government
recommendation for physical activity (Chief Medical Officers, 2019) on at least 75% of
recorded study days.
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participants’ level of academic achievement on a 3-point scale:
below, at, or above age-related expectation (ARE). As on-task
behaviour is considered a prerequisite for positive academic
outcomes (Fredricks et al., 2004), we used these teacher
ratings to control for academic achievement level in all
analyses. See Table 1 for a full overview of the sample
descriptives.

The design of the PE lesson intervention followed a 3
(intensity: low, medium, or high) by 2 (complexity: low or
high) within-person design, with the order of lessons in each
classroom being randomised. For a more detailed description of
every individual PE lesson please consult previous publication
(Heemskerk et al., 2019). Twelve children were observed during
“business as usual” classroom lessons pre- and post-the PE
intervention lesson, by two trained researchers using a
momentary time sampling protocol. Some transition time
occurred as children returned to the classroom after the PE
lessons. Between classes, the process for transition to the
classroom was the same (plenary, questionnaire, lining up,
and walking back to the classroom without getting changed
back into uniform). Within classes, the transition time was
similar across the six conditions, and as the distance traveled
from PE to the classroom was the same each week. Both the
children and teachers were encouraged to resume the regular
lesson post-PE as quickly and seamlessly as possible.
Observations resumed when both observers agreed that the
teacher was initiating the classroom lesson. In order to maintain
ecological validity, this process was not timed or controlled
across classrooms. It is likely and expected that some children
would re-focus more quickly and easily than others, and this is
some of the naturally occurring variance we aimed to capture an
investigate.

In cases where more than twelve children had parental
consent, the class teacher chose the twelve students to take
part in the study to ensure an even distribution of sex and
academic achievement. In addition, children rated their
learning experiences at the start, middle and end of each
observation period, and at the end of the PE lesson, and using
a purpose-built app.

2.2 Physical Activity
The six intervention lessons were designed in accordance with the
United Kingdom National Curriculum for PE requirements,
which includes athletics, health-related fitness, games and
dance. No specialist equipment was required for any of the
lessons, and the minimal equipment used for some lessons
was already available in the schools. Two PE lessons each were
designed to ensure the participants reached adequate levels of
VPA, MPA, and LPA. The intensity level was manipulated by
adjusting the pace of movements (walking, jogging, or sprinting),
the amount of locomotion required (stationary drills or moving)
and the amount of vertical movement (jumping). For example, in
one low intensity lesson, children worked on flexibility and
flexibility testing, whereas in the high intensity lesson they
performed sprinting races and sprint relays. At each of the
three intensity levels, one of two lessons required simple and
automated movements, while the other challenged participants

with more complex movements, external pacing and/or rapidly
changing environments the children needed to adapt to. For
example, in the low complexity high intensity lesson, the
participants sprinted in straight lines, which is an automated
movement for children. In the corresponding high complexity
lesson, they did aerobics. This involved music-directed pacing
and the complex combination of arm and leg movements.

Children’s activity levels were tracked using the accelerometer
devices during the PE lessons, as well as their free-living PA,
which was recorded for up to 24 h leading up to the intervention
lesson. The activity recordings of the PE lessons were removed
from the free-living PA data for analysis purposes. The free-living
data was used to ascertain whether children met the
United Kingdom government’s 60 min of daily MVPA
guideline (Chief Medical Officers, 2019).

2.3 Self-Reports
Children reported their learning experiences (task enjoyment,
perceived task difficulty, tiredness, positive, and negative
affect) on a 6-point Likert scale, three times during their
regular classroom lesson before and after the PE
intervention, and once after the PE lesson. As this was a
repeated measure, the questionnaire was kept short and
concise and took around 30 s to complete. Affect was
measured with eight items (four positive, four negative),
using the question “How do you feel right now?”. In the
classroom, enjoyment, difficulty, and tiredness were
measured by one item each (“Do you like doing this task?”,
“How hard is this task?”, and “Are you tired?”, respectively).
Affect and tiredness in the classroom were not analysed in the
context of the results presented here. Classroom task
enjoyment and perceived difficulty were used as control
variables, as the lessons before and after PE were on
different subjects. At the end of PE lessons, with one item
each, participants rated how much they had enjoyed the PE
lesson and provided their rate of perceived exertion (RPE) as a
subjective measure of the PE lesson intensity, using the same 6-
point Likert scale. A 7-step version of Borg’s RPE scale has
previously been validated for use with children (Groslambert
et al., 2001). We decided to keep to our 6-point scale for
conformity with the other questionnaire items. Answer
options were simplified with the use of emoji’s (Rane, 2017)
and were given as a rating from zero to five stars.

2.4 Behaviour Observations
Two trained researchers carried out the observations; their inter-
rater reliability was good (Cohen’s Kappa � 0.8). The observation
protocol required the observers to record each participants’
behaviour every 30 s for 25 min. Each observation was rated as
either “on-task” if the child showed goal-directed behaviours and
was completing a task as set by the teacher, “off-task passive” if
the child did not demonstrate any goal-directed behaviours but
was instead inactive (e.g., staring or daydreaming), “off-task
active” if no goal-directed behaviours were observed and the
child was active (e.g., non task-related talking, fidgeting in their
seat or out of their seat moving), or “other” if the observed
behaviour did not fit one of the three aforementioned categories,
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or the child was out of sight (e.g., left the classroom, another
person obstructing the view of the observer). As it has previously
been found that on-task behaviour depends on and varies
according to the type of instructional activity the children are
engaging in (Godwin et al., 2013; Heemskerk and Malmberg,
2020), the researchers recorded the type of task that was set by the
teacher at each observation (teacher-led whole class instruction,
teacher one-to-one support, independent work, partner work,
small group work, test, and or other).

2.5 Analytic Strategy
2.5.1 Variable Creation
The accelerometery data was processed with GGIR in R (Migueles
et al., 2019). We aggregated data in 1-s epochs, and extracted the
duration participants were sedentary, and engaged in light,
moderate, and vigorous activity for sections of the 24 h period
during which the device was worn: “after school”, “night-time”
(8 pm until 7 am), “before school”, “morning school”, “lunchtime”,
“afternoon before PE”, “PE”, and “afternoon after PE”. Cut-points
for sedentary, moderate, and vigorous PA from Hildebrand et al.
(2014) for wrist-worn GENEActiv monitors were applied. Files
with aminimum of 8 h of valid data during the daytime (7 am until
8 pm) were included for analyses of free-living PA. For PE lessons,
at least 30 min of valid data was required for inclusion. PA during
PE lessons was excluded from free-living PA variables due to the
interventionmanipulation having a potential impact on the values.
Free-living data was used for the calculation of the “active child”
variable, reflecting if a child met the government guidelines for
MVPA (Chief Medical Officers, 2019) on a regular basis (≥75% of
recorded days). This applied to 58.3% of those with sufficient PA
data to calculate this variable (35 of 60 participants). For analyses of
objectively achieved PA during PE, the duration of MVPA was
coded into quintiles and used as a categorical predictor (quintile 1:
< 14%, quintile 2: 14–21%, quintile 3: >21 and <27.2%, quintile 4:
27.2 and <33.5%, quintile 5: ≥33.5%).

Observations where behaviour and task were concurrently
coded “other” (indicating the child was absent or obscured
from view) were deleted, and only lessons with a minimum of
40 valid observations were included in the analyses. Classroom
behaviour data was then recoded into three binary variables
(on-task, passive off-task, and active off-task). Trait task-
behaviour was coded into three binary indicators. For each
participant, their mean proportion of on-task, passive off-task,
and active off-task behaviour across all classroom lessons
before PE only was calculated. Children who were in the
bottom 33% of the sample for on-task behaviour (on-task <
66%) or the top 33% for passive (passive off-task > 11.5%) or
active off-task (active off-task > 15%) behaviour were coded
“low on-task”, “high passive off-task”, and “high active off-
task” respectively.

BMI values were coded into z-scores for sex and age using the
WHO guidelines (de Onis et al., 2007). For use in the binary
model, a categorical variable was created on the basis of the
z-scores, using cut-points for underweight (z < −1) (Cole et al.,
2007), overweight (z > 1.04), and obese (z > 1.64) (Vanderwall
et al., 2018). The “healthy weight” category (z ≥ −1 and ≤1.04) was
used as the comparison category.

2.5.2 Manipulation Checks
First, we used SPSS 27 (IBM Corporation, 2020) to carry out
t-tests to investigate if the objective or subjective intensity of
the PE lessons differed between low and high complexity PE
lessons. Objective PA intensity (% of PE lesson time spent at
MVPA) did differ between low and high complexity lessons,
with more MVPA recorded during high complexity lessons
(Mlow � 8.31, Mhigh � 9.40, and t(326) � −11.02, p < 0.001). As
high complexity lessons involved more object manipulation
activities, it was expected that the wrist-worn accelerometers
may pick up additional activity during high complexity
lessons. We therefor also analysed the subjective intensity
(rate of perceived exertion) in relation to lesson complexity.
This was not significantly different between low and high
complexity lessons (Mlow � 3.34, Mhigh � 3.14, t(402) � 1.36,
and p � 0.175).

Next, we carried out a one-way ANOVA to investigate if the
percentage of lesson time spent in MVPA differed between low,
medium, and high intensity lessons. This was the case (F(2,456) �
68.79, p < 0.001), and post-hoc tests revealed that during low
intensity lessons, participants achieved significantly less MVPA
than during medium intensity lessons, and during medium
intensity lessons they achieved significantly less MVPA than
during high intensity lessons (see Figure 1A). The same
pattern was found for subjective intensity level, which also
differed significantly between the three PE lesson intensities
(Welch’s F(2,375.34) � 24.92, p < 0.001), (see Figure 1B).

2.5.3 Analytic Models
We used binary three-level models (time points, nested in
weeks, nested in participants) with random intercepts and
slopes in MLwiN (Charlton et al., 2019) to analyse the effect
of PA on classroom behaviour. The intra-class correlations
for each behaviour were calculated at the week-level and ID-

FIGURE 1 |Difference in objective and subjective intensity of PE lessons.
(A) Percentage MVPA by PE lesson Intensity (B) Subjective intensity by PE
lesson intensity. Note. PE � Physical education. MVPA � Moderate-to-
vigorous physical activity. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.
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level. For on-task behaviour, greater variance between weeks
than between participants was found (ICCweeks � 0.080,
ICCparticipants � 0.047), whereas for off-task behaviour the
variance did not greatly differ, and was slightly greater
between participants than between weeks (active off-task:
ICCweeks � 0.096, ICCparticipants � 0.099; passive off-task:
ICCweeks � 0.090, and ICCparticipants � 0.094).

We answered the first research question by entering PA
into the model in the following three ways; in the first model,
the intensity level of the six intervention conditions (low,
medium, or high) was used as the predictor. In the second
model, the percentage of time spent in MVPA as quintiles was
entered. In model three, participants’ subjective PA intensity
during PE was used. To answer our second research question,
the models using MVPA for objective PA and RPE for
subjective PA were computed twice more each, once with
active off-task and once with passive off-task behaviour as the
outcome variable. Finally, to investigate the effect of
individual differences and answer our third research
question, interaction effects of BMI category, sex, habitual
PA participation (active child), and mean on-task and off-
task behaviours in pre-PE lessons were entered into the
models. For the analytical models we present chi2 values
derived from Wald tests in MLwiN for the comparison of
pre- and post-PE lessons, along with associated p-values (cut-
point for significance set at p ≤ 0.05). Effect sizes are
presented as odds ratios (OR) and Cohen’s d (small effect
d ≥ 0.2, medium effect d ≥ 0.5, and large effect d ≥ 0.8). The
reported predicted probabilities for on- and off-task
behaviours are calculated from the logit coefficients
provided by MLwiN, using the equation “probability �
(exp(logit)/(1 + exp(logit)))”. All models were controlled
for age, sex, BMI, achievement level, task enjoyment,
perceived task difficulty, and instructional activity. Full
model specifications are available from the corresponding
author upon request.

3 RESULTS

3.1 RQ1: Is There a Difference Between the
Effects of Subjective and Objective
Measures of PA Intensity?
Participants were on-task on average 71.6% of the observed
pre-PE lessons, and 77.0% of the post-PE lessons. Lessons that
were intended to be high-intensity had a small positive effect
on on-task behaviour (χ2 � 10.08, p < 0.001, and d � 0.22).
Based on recorded MVPA, lessons with more than 27.2%
MVPA (4th and 5th quintile) had a small positive effect on
subsequent on-task behaviour (χ2 � 6.03, p < 0.05, d � 0.23 and
χ2 � 12.26, p < 0.001, d � 0.35, respectively). This did not
directly translate to participants’ RPE; only lessons rated 4 out
of 5 had a small significant positive effect (χ2 � 6.62, p < 0.01,
and d � 0.25). When RPE was 3 out of 5, subsequent on-task
behaviour was significantly greater (χ2 � 3.90, p < 0.05), but
this effect was very small (d � 0.18) see Table 2; Figure 2.

3.2 RQ2: Is There a Difference Between the
Effects of PA on Active and Passive
Off-Task Behaviour?
Across the afternoon, active off-task behaviour was more
prevalent than passive (pre: Mpassive � 10.5%, Mactive �
14.4%; post: Mpassive � 7.5%, Mactive � 13.3%). Active off-
task behaviour was significantly reduced only after PE
lessons with high MVPA content (quintile 5, χ2 � 5.46, p <
0.05, and d � −0.27). No significant effects of subjective
intensity ratings on active off-task were found (see Table 3;
Figure 3, dark grey bars). Passive off-task behaviour was lower
after several different PE lessons of low and moderate—but not
high—intensity. When intensity was measured objectively,
lessons with MVPA in quintile 2 had a small negative effect
(χ2 � 7.98, p < 0.01, and d � −0.3). When PA was measured

TABLE 2 | Response of on-task behaviour to objective and subjective PA.

Variable On-task behaviour

Probability pre-PE Probability post-PE χ2 p-value Odds ratio d

Overall 0.647 0.709 1.33 0.16

Low intensity lesson 0.662 0.710 3.10 1.25 0.12
Medium intensity lesson 0.629 0.683 3.65 1.27 0.13
High intensity lesson 0.651 0.735 10.08 *** 1.49 0.22

MVPA1 quintile 1 0.647 0.703 2.89 1.30 0.14
MVPA quintile 2 0.658 0.722 3.32 1.35 0.16
MVPA quintile 3 0.629 0.676 1.67 1.23 0.12
MVPA quintile 4 0.607 0.701 6.03 * 1.52 0.23
MVPA quintile 5 0.609 0.747 12.26 *** 1.90 0.35

RPE2 1 0.658 0.722 3.40 1.35 0.17
RPE 2 0.669 0.687 0.22 1.09 0.05
RPE 3 0.633 0.704 3.90 * 1.37 0.18
RPE 4 0.619 0.719 6.62 ** 1.57 0.25
RPE 5 0.627 0.667 1.30 1.19 0.10

Note: 1 MVPA � Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 2 RPE � Rate of Perceived Exertion, rated from 1 (not at all tiring) to 5 (extremely
tiring). *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

Frontiers in Education | www.frontiersin.org February 2022 | Volume 6 | Article 8128017

Heemskerk et al. Individual Differences, PA and Behaviour

https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


subjectively, low (RPE � 1) as well as moderate (RPE � 3)
intensity lessons had a small negative effect on passive off-task
behaviour (χ2 � 4.27, p < 0.05, and d � -0.22; χ2 � 5.45, p < 0.05,
and d � −0.25, respectively). Although lessons in MVPA
quintile 5 and rated as RPE � 4 did achieve small effect
sizes, these results were not significant (see Figure 3, light
grey bars and Table 4).

3.3 RQ3: Are There Specific Sub-Samples of
Participants Who Respond More or Less
Favourably to PA?
3.3.1 Trait On-Task Behaviour

Participants who were the least on-task before PE benefited from
all PE lessons, regardless if subjective or objective measures were

FIGURE 2 |Change in on-task behaviour in response to physical activity intensity. (A)On-task behaviour, by intervention lesson intensity (B)On-task behaviour, by
MVPA quintile (C) On-task behaviour, RPE. Note. MVPA �Moderate-to-vigorous physical activity. Small (d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are
indicated by the dashed grid lines. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.

TABLE 3 | Response of active off-task behaviour to objective and subjective PA.

Variable Active off-task behaviour

Probability pre-PE Probability post-PE χ2 p-value Odds ratio d

Overall 0.193 0.177 0.89 −0.06

MVPA1 quintile 1 0.175 0.156 0.62 0.87 −0.08
MVPA quintile 2 0.180 0.159 0.61 0.86 −0.08
MVPA quintile 3 0.193 0.206 0.20 1.09 0.05
MVPA quintile 4 0.202 0.192 0.11 0.94 −0.04
MVPA quintile 5 0.237 0.160 5.46 * 0.61 −0.27

RPE2 1 0.190 0.177 0.23 0.92 −0.05
RPE 2 0.168 0.189 0.50 1.16 0.08
RPE 3 0.214 0.196 0.35 0.90 −0.06
RPE 4 0.188 0.173 0.26 0.90 −0.06
RPE 5 0.219 0.197 0.58 0.87 −0.07

Note: 1 MVPA � Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 2 RPE � Rate of Perceived Exertion, rated from 1 (not at all tiring) to 5 (extremely
tiring). *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

FIGURE 3 | Change in off-task behaviour in response to physical activity intensity. (A) Off task behaviour, MVPA quintile (B) Off-task behaviour, by RPE. Note.
MVPA � Moderate-to-vigorous physical activity. Effect sizes have been transformed so that positive numbers reflect favourable effects (less off-task behaviour). Small
(d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are indicated by the dashed grid lines. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.
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used. Full results can be found in Table 5. Every PE lesson had a
positive effect on their subsequent on-task behaviour (objective:
d � 0.40–0.71, subjective: d � 0.35–0.68). Children with low trait
levels of on-task behaviour reduced their passive off-task
behaviours after PE lessons of sub-maximal intensity—both
for subjectively and objectively measured PA the maximum

intensity category failed to reach significance (MVPA quintile
5: χ2 � 3.60, p > 0.05; RPE 5: χ2 � 3.70, p > 0.05). Active off-task
behaviour was lower in this subgroup after subjective intensities
of 3 and above (χ2 � 4.51–5.81, p < 0.05, and d � −0.32 to −0.41).
Objectively measured PA did not affect active off-task behaviour
in a systematic way (see Figure 4).

TABLE 4 | Response of passive off-task behaviour to objective and subjective PA.

Variable Passive off-task behaviour

Probability pre-PE Probability post-PE χ2 p-value Odds ratio d

Overall 0.146 0.115 0.76 −0.15

MVPA1 quintile 1 0.184 0.140 3.67 0.72 −0.18
MVPA quintile 2 0.185 0.117 7.98 ** 0.58 −0.30
MVPA quintile 3 0.184 0.145 2.34 0.75 −0.16
MVPA quintile 4 0.137 0.126 0.25 0.91 −0.05
MVPA quintile 5 0.148 0.102 3.37 0.65 −0.24

RPE2 1 0.156 0.111 4.27 * 0.67 −0.22
RPE 2 0.139 0.114 1.05 0.80 −0.12
RPE 3 0.152 0.103 5.45 * 0.64 −0.25
RPE 4 0.160 0.113 3.56 0.67 −0.22
RPE 5 0.140 0.134 0.08 0.95 −0.03

Note: 1 MVPA � Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 2 RPE � Rate of Perceived Exertion, rated from 1 (not at all tiring) to 5 (extremely
tiring). *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

FIGURE 4 | Change in behaviour in response to objective and subjective measures of physical activity intensity in the least on-task participants. (A) Behavioural
response in the least on-task 33% of the sample, MVPA quintile (B) Behavioural response in the least on-task 33% of the sample, by RPE. Note.MVPA �Moderate-to-
vigorous physical activity. Effect sizes have been transformed so that positive numbers reflect favourable effects (more on-task behaviour, less off-task behaviour). Small
(d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are indicated by the dashed grid lines. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.
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FIGURE 5 | Change in behaviour in response to objective and subjective measures of physical activity intensity in the most off-task participants. (A) On-task
behaviour and MVPA (B) On-task behaviour and RPE. Note. MVPA � Moderate-to-vigorous physical activity. Effect sizes have been transformed so that positive
numbers reflect favourable effects (more on-task behaviour, less off-task behaviour). Small (d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are indicated by the
dashed grid lines. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.

TABLE 5 | Response of task behaviour to objective and subjective PA in the least on-task sub-sample.

Variable On-task behaviour Active off-task behaviour Passive off-task behaviour

χ2 p-value Odds
ratio

d χ2 p-value Odds
ratio

d χ2 p-value Odds
ratio

d

MVPA1

quintile 1
16.39 *** 2.54 0.51 4.31 * 0.55 −0.33 6.62 ** 0.47 −0.42

MVPA
quintile 2

18.45 *** 2.81 0.57 2.98 0.60 −0.28 6.62 *** 0.29 −0.67

MVPA
quintile 3

10.09 *** 2.06 0.40 1.61 0.70 −0.20 2.90 0.61 −0.27

MVPA
quintile 4

24.34 *** 3.24 0.65 3.11 0.60 −0.28 3.97 * 0.54 −0.34

MVPA
quintile 5

25.04 *** 3.62 0.71 11.42 *** 0.35 −0.58 3.60 0.53 −0.35

RPE2 1 7.94 ** 1.90 0.35 1.45 0.71 −0.19 3.14 0.58 −0.30
RPE 2 6.97 ** 2.03 0.39 0.13 0.89 −0.07 2.54 0.56 −0.32
RPE 3 23.79 *** 3.29 0.66 5.81 * 0.48 −0.41 7.29 ** 0.41 −0.49
RPE 4 22.26 *** 3.41 0.68 5.17 * 0.48 −0.41 6.78 ** 0.41 −0.50
RPE 5 17.03 *** 2.39 0.48 4.51 * 0.56 −0.32 3.70 0.58 −0.30

Note: 1 MVPA � Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 2 RPE � Rate of Perceived Exertion, rated from 1 (not at all tiring) to 5 (extremely
tiring). *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

TABLE 6 | Response of on-task behaviour to objective and subjective PA in the most off-task sub-samples.

Variable Most active off-task Most passive off-task

χ2 p-value OR1 d χ2 p-value OR d

MVPA2 quintile 1 19.75 *** 2.30 0.46 9.32 ** 1.77 0.31
MVPA quintile 2 30.93 *** 2.97 0.60 18.22 *** 2.25 0.45
MVPA quintile 3 8.68 ** 1.76 0.31 18.16 *** 2.31 0.46
MVPA quintile 4 22.50 *** 2.60 0.53 14.94 *** 2.14 0.42
MVPA quintile 5 33.35 *** 3.34 0.66 7.51 ** 2.13 0.42

RPE3 1 6.28 * 1.82 0.33 2.64 1.52 0.23
RPE 2 2.74 1.60 0.26 6.44 * 2.04 0.39
RPE 3 12.84 *** 2.49 0.50 11.29 ** 2.27 0.45
RPE 4 16.29 *** 2.85 0.58 9.67 ** 2.24 0.45
RPE 5 8.41 ** 1.97 0.37 9.02 ** 1.92 0.36

Note: 1 OR �Odds Ratio. 2 MVPA �Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 3 RPE �Rate of Perceived Exertion, rated from 1 (not at all tiring)
to 5 (extremely tiring). *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

Frontiers in Education | www.frontiersin.org February 2022 | Volume 6 | Article 81280110

Heemskerk et al. Individual Differences, PA and Behaviour

https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


3.3.2 Trait Off-Task Behaviour
Finally, for pupils who displayed the highest levels of active and
passive off-task behaviour, we found significant positive effects of
all but one PE lesson intensities on on-task behaviour (Figure 5;

Table 6). For pupils high on passive disengagement, effect sizes
were small (d � 0.23–0.46). For those high on active
disengagement, effects were small to medium (d � 0.26–0.66).
In both groups, it was noticeable that for perceived exertion the

TABLE 7 | Response of task-behaviour to objective and subjective PA by sex.

Outcome Variable Sex

Boys Girls

χ2 p-value OR1 d χ2 p-value OR d

On-task behaviour MVPA2 quintile 1 0.08 0.93 −0.04 2.71 1.51 0.23
MVPA quintile 2 0.00 1.00 0.00 3.01 1.54 0.24
MVPA quintile 3 0.03 1.05 0.02 1.52 1.36 0.17
MVPA quintile 4 0.53 1.22 0.11 5.33 * 1.85 0.34
MVPA quintile 5 3.93 * 1.74 0.31 5.61 * 1.96 0.37
RPE3 1 0.03 1.05 0.02 4.49 * 1.71 0.30
RPE 2 1.42 1.42 0.19 0.00 1.02 0.01
RPE 3 1.91 1.44 0.20 1.92 1.39 0.18
RPE 4 0.00 1.01 0.00 8.80 ** 2.162 0.43
RPE 5 0.15 0.91 −0.05 2.40 1.45 0.20

Passive off-task behaviour MVPA quintile 1 2.27 0.66 −0.23 0.82 0.77 −0.14
MVPA quintile 2 1.12 0.66 −0.19 4.95 * 0.53 −0.35
MVPA quintile 3 0.64 0.71 −0.14 1.09 0.74 −0.17
MVPA quintile 4 3.20 1.72 0.30 4.31 * 0.52 −0.37
MVPA quintile 5 1.49 * 0.67 −0.22 1.68 0.64 −0.25
RPE3 1 1.25 0.72 −0.18 2.30 0.62 −0.26
RPE 2 1.70 0.61 −0.27 0.23 0.86 −0.08
RPE 3 0.83 0.75 −0.16 3.34 0.59 −0.29
RPE 4 0.00 1.01 0.01 4.38 * 0.51 −0.37
RPE 5 0.09 1.09 0.05 0.24 0.87 −0.08

Note: 1 OR �Odds Ratio. 2 MVPA �Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 3 RPE �Rate of Perceived Exertion, rated from 1 (not at all tiring)
to 5 (extremely tiring). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.

TABLE 8 | Response of task-behaviour to objective and subjective PA by regular moderate-to-vigorous physical activity.

Outcome Variable Regular participation in MVPA1

No Yes

χ2 p-value OR2 d χ2 p-value OR d

On-task behaviour MVPA quintile 1 1.84 1.36 0.17 0.00 0.99 0.00
MVPA quintile 2 8.08 ** 1.98 0.38 0.09 0.93 −0.04
MVPA quintile 3 0.31 1.57 0.08 1.36 1.32 0.15
MVPA quintile 4 4.44 * 1.71 0.30 0.27 1.14 0.07
MVPA quintile 5 1.23 1.45 0.20 5.76 * 1.85 0.34
RPE3 1 5.52 * 1.90 0.36 0.05 1.06 0.03
RPE 2 0.00 1.00 0.00 0.11 1.26 0.05
RPE 3 1.69 1.44 0.20 0.72 1.26 0.13
RPE 4 2.75 1.62 0.27 2.70 1.63 0.27
RPE 5 0.97 1.29 0.14 0.04 1.06 0.03

Passive off-task behaviour MVPA quintile 1 32.71 *** 0.64 −0.24 13.80 *** 0.81 −0.12
MVPA quintile 2 21.65 *** 0.58 −0.30 20.83 *** 0.56 −0.32
MVPA quintile 3 10.84 *** 0.90 −0.06 22.30 *** 0.57 −0.31
MVPA quintile 4 6.25 * 1.23 0.11 11.76 *** 0.87 −0.08
MVPA quintile 5 3.20 1.36 0.17 20.59 *** 0.57 −0.31
RPE 1 2.56 0.61 −0.27 0.91 0.73 −0.18
RPE 2 0.01 1.05 0.02 1.61 0.65 −0.24
RPE 3 7.91 ** 0.39 -0.52 1.42 0.68 −0.21
RPE 4 1.13 0.70 −0.20 2.56 0.57 −0.31
RPE 5 1.46 1.43 0.20 2.09 0.63 −0.26

Note: 1 MVPA �Moderate-to-Vigorous Physical Activity during physical education, coded into quintiles. 2 OR �Odds Ratio. 3 RPE �Rate of Perceived Exertion, rated from 1 (not at all tiring)
to 5 (extremely tiring). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. Effect sizes indicating a small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8) effect are highlighted in bold font.
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greatest increase in on-task behaviour happened after sub-
maximal intensity lessons (RPE 3 and 4), with a tailing off of
the effect for lessons rated at RPE 5. This tailing off was not
evident in the objectively measured PA results.

3.3.3 Sex
We found interaction effects of sex (see Figure 6 and Table 7). In
terms of on-task behaviour, boys responded only to the highest
percentile of MVPA (>33.5%, χ2 � 3.93, p < 0.05, and d � 0.31),
whereas girls also experienced positive effects of lower MVPA
contents (MVPA percentile 4 and 5; χ2 � 5.33, p < 0.05, d � 0.34
and χ2 � 5.61, p < 0.05, d � 0.37, respectively, see Figure 6A). For
active off-task behaviour, we found no interactions of sex (Figures
6C,D). Passive off-task behaviours were not systematically reduced in
relation to subjective or objective intensity ratings in either sex
(Figures 6E,F), but whereas girls’ passive behaviour was reduced
after a range of medium-intensity lessons (χ2 � 4.31–4.95, p < 0.05,
d � −0.35 to −0.37), boys’ passive off-task behaviour was not
significantly affected by PA.

3.3.4 Regular MVPA
Those who regularly met United Kingdom government
guidelines for MVPA in children (Chief Medical Officers,
2019) benefited from fewer PE lessons than those who were
less regularly active (see Table 8). For active children, only after
lessons with the highest MVPA content (quintile 5, χ2 � 5.76, p <
0.05, and d � 0.34) was their on-task behaviour significantly
greater. On the other hand, lesser-active children also benefited
from lower-intensity lessons (MVPA quintile 2 and 4, and RPE 1,
χ2 � 4.44–8.08, p < 0.05, and d � 0.30–0.38, see Figures 7A,B).
Similar to sex, no interaction effect of regular MVPA was found
for active off-task behaviour (Figures 7C,D). Passive off-task
behaviour was lower only after low-MVPA PE lessons in lesser-
active children (quintiles 1 and 2, χ2 � 32.71, p < 0.001, d � −0.24
and χ2 � 21.65, p < 0.001, d � −0.30, respectively), whilst in
regularly active children it was reduced after every intensity
lesson, with three medium to high intensity lessons reaching
small effect sizes (χ2 � 20.59–22.30, p < 0.001, d � −0.31 to −0.32,
Figure 7E). Subjective intensity predicted less passive off-task

FIGURE 6 | Change in behaviour in response to objective and subjective measures of physical activity intensity, by sex. (A) On-task behaviour and MVPA (B) On-
task behaviour and RPE (C) Active off-task behaviour and MVPA (D) Active off-task behaviour and RPE (E) Passive off-task behaviour and MVPA (F) Passive off-task
behaviour and RPE. Note.MVPA �Moderate-to-vigorous physical activity. Effect sizes have been transformed so that positive numbers reflect favourable effects (more
on-task behaviour, less off-task behaviour). Small (d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are indicated by the dashed grid lines. *p ≤ 0.05, **p ≤
0.01, and ***p ≤ 0.001.
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behaviour only for lesser-active children, and only for lessons
perceived to be moderately active, with a medium effect size (RPE
3, χ2 � 7.91, p < 0.01, d � −0.52, see Figure 7F).

3.3.5 BMI
We found no systematic interaction effects of PA intensity and
BMI category on any type of behaviour, regardless of whether
objective or subjective PA measure were entered into
the model.

4 DISCUSSION

4.1 The On-Task Response to Physical
Activity Differs Between Objectively and
Subjectively Measured Activity
In answering the first research question the results indicated
that high intensity lessons had the greatest positive effect on
behaviour, in line with the first part of our hypothesis.
However, a difference between objective and subjective
measures of PA intensity was evident. More specifically, PE

lessons where the intensity was in the 4th and 5th quintiles of
MVPA, as measured objectively with the accelerometer
watches, and were found to significantly predict more on-
task behaviour subsequently. However, children’s subjective
measures of perceived exertion were not as clear; “neutral
tiring” and “little tiring” rated lessons were found to
significantly affect on-task behaviour, however, with very
small effect sizes (d < 0.2). Coupled with our finding that
the high intensity designed lessons also significantly improved
subsequent on-task behaviour, the results confirm previous
findings that high intensity PA interventions are optimal for
improving task-related behaviour (Ma et al., 2014; Szabo-Reed
et al., 2017). Subjective measures of PA intensity did not align
with the objective measures. The incongruence in these
findings could be ascribed to children’s inaccuracy in
estimating the intensity of their PE lesson; children who are
more active may not perceive high intensity lessons as tiring,
or lower-fit children may rate lessons with less PA as highly
intense. Schneider and Schmalbach (2015) found that
adolescents (M age � 11.09 years) who were fitter recorded
lower RPE at higher heart rates during exercise than those who
were less fit.

FIGURE 7 | Change in behaviour in response to objective and subjective measures of physical activity intensity, by regular moderate-to-vigorous physical activity.
(A) On-task behaviour and MVPA (B) On-task behaviour and RPE (C) Active off-task behaviour and MVPA (D) Active off-task behaviour and RPE (E) Passive off-task
behaviour and MVPA (F) Passive off-task behaviour and RPE. Note.MVPA �Moderate-to-vigorous physical activity. Effect sizes have been transformed so that positive
numbers reflect favourable effects (more on-task behaviour, less off-task behaviour). Small (d � 0.2), medium (d � 0.5), and large (d � 0.8) effect sizes are indicated
by the dashed grid lines. *p ≤ 0.05, **p ≤ 0.01, and ***p ≤ 0.001.
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4.2 Passive Off-Task Behaviours Are More
Responsive to Low-Intensity Physical
Activity Than Active Off-Task Behaviours
The second research question aimed to explore the effects of PA
on active and passive off-task behaviour. The findings suggest
that PE lessons with MVPA content in the 5th quintile reduced
subsequent active off-task behaviour in the classroom
confirming the hypothesised direction of effects. However, no
significant effects where found for children’s perceived exertion
and active off-task behaviour. The pattern for passive off-task
behaviour differed from the response in active off-task
behaviour; a significantly reduction was found after PE
lessons where the content intensity was in the 2nd quintile
(low-to-moderate intensity). In relation to subjectively
measured PA intensity, lower-intensity lessons were also
most effective in reducing passive off-task behaviours, with
“not at all tiring” and “neutral tiring” leading to significant
reductions. Although we had expected the greatest effect on
passive behaviour for moderate intensity (Unsworth and
Robinson, 2020), our hypothesis that active behaviours are
reduced by higher intensity activity than passive behaviours
was confirmed. However, a previous study (Mullender-
Wijnsma et al., 2015) did not find an association between
MVPA and time-on-task in post-intervention lessons. These
opposing results may be due to their intervention being
classroom-based, whereas our took place during PE lessons.
In addition, Mullender-Wijnsma et al. (2015) did not
differentiate between passive and active off-task behaviour in
their observation tool, therefore, the present analysis goes
beyond previous literature. An important contribution of the
findings is the importance of distinguishing between passive
and active off-task behaviour, and that a different response in
children’s behaviour can be expected depending on the intensity
of the PE lesson.

4.3 Children Respond Differently to Physical
Activity Intervention
Our data confirm that children respond differently to PA
depending on their individual characteristics. Below we discuss
the differences in their response based on their level of on-task or
specific off-task behaviour before the PE lesson, their sex, and
habitual engagement in MVPA.

4.3.1 The Least On-Task Pupils Become Less
Disruptive
As hypothesised, and in line with Mahar et al. (2006) among others,
we found that those who have the lowest level of trait on-task
behaviour respondedmost favourably to the intervention, improving
their on-task behaviour regardless of the PE lesson content. Those
who were mostly actively off-task responded with a small to
moderate increase in on-task behaviour. On the other hand, the
on-task behaviour of those who were mostly passively off-task
increased only with small effect size. Thus, although for the

whole sample, passive off-task behaviours appear to be most
responsive to PA intervention (Figure 3), pupils who are most
actively disengaged—and potentially disruptive to their peers - most
strongly increased their on-task behaviour in response to PA
(Figure 5). What appears to be most beneficial for these pupils is
that they have the opportunity to be active, and preferablymoderate-
to-vigorously so, before they engage in their classroom tasks.

4.3.2 Girls Respond to a Greater Range of Activity
Intensities Than Boys
Our findings with regard to sex did not confirm our hypothesis,
and are opposite also to those by Ma et al. (2014), who’s results
indicated greater effects of PA breaks for boys than girls. In
particular, Ma et al. (2014) found that active off-task behaviours
were greatly reduced in boys. In our study, no significant effects
of PA of any intensity on active off-task behaviour were found
for either sex. With regard to on-task behaviour, we found that
girls responded to a wider range of higher-intensity (MVPA
quintile 4 and 5) than boys (MVPA quintile 5 only). the same
was evident for passive off-task behaviour, where girls
responded positively to low-to-moderate PE lessons as well
as moderate-to-high intensity lessons, whereas boys’
behavioural response did not reach significance at all. It may
be that due to the generally lower levels of PA in girls (van Sluijs
et al., 2021), their response to lower-intensity PA is greater than
in boys. Moreover, the results from Ma et al. (2014) were
obtained after a 10-min activity in the classroom, rather
than a full PE lesson. Thus, it may be that the sustained
nature of the exercise for an entire PE lesson induces greater
effects in girls, even at lower intensities, if they are less
accustomed to high levels of PA than boys. The meta-
analysis off school-based PA interventions for girls by Owen
et al. (2017) did include a range of PA interventions, but they
investigated only results for girls, rather than compare these to
boys’ results. Their conclusion that PA interventions for girls
yield very small to small effects (Owen et al., 2017) does
correspond with the findings of this study, as all effect sizes
for girls found here were smaller than d � 0.5.

4.3.3 Inactive Children Become More On-Task and
Less Passively Off-Task After Low-To-Medium, but
Not High-Intensity Physical Activity
We hypothesised that more regularly active children would
benefit more greatly from the intervention. Our results did not
confirm this hypothesis, as we found that the results differed,
based on which behaviour was specified as the outcome variable.
When on-task behaviour was examined, lesser-active children
responded favourably to a range of lower-intensity lessons, and
whereas more regularly fit children only benefited from lessons
with the highest MVPA content. It may be that children who do
not regularly engage in MVPA have a stronger physiological
response to the MVPA content of PE lessons, thus benefiting
from lower-intensity lessons than those who do regularly engage
in MVPA. When we examined passive off-task behaviours, the
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same pattern was found, with regularly active children
responding more favourably to higher MVPA content than
lesser-active children. Our findings are in line with Snyder
et al. (2017), who found significant reductions in passive off-
task behaviour. Our results further demonstrate the importance
of incorporating intensity levels in intervention designs of this
nature, to establish their differential effects. However, for this
outcome variable, regularly active children had a significant (p <
0.05) and meaningful (d ≥ 0.2) response to three of the PE lesson
MVPA quintiles, versus only two for the lesser-active sub-sample.
We therefore can conclude that children respond differently to
PA intensity based on their habitual engagement in MVPA, but
we cannot say that lesser-active or higher-active children respond
more favourably to PA overall.

4.3.4 BMI Does Not Interact With PE Lesson Intensity
Our hypothesis regarding the effect of BMI was confirmed; we
did not find systematic interaction effects of BMI and PA
intensity. This is in line with the review by Chang et al.
(2017), reporting inconclusive moderation effects of BMI on
the relationship between PA and cognitive performance.
Similarly, our results correspond with the findings of the
meta-analysis by Sun et al. (2021), which details effects for
PA in overweight and obese samples that are of a similar
magnitude to what has previously been reported in samples
of healthy-weight children or mixed samples (e.g., Owen et al.,
2016; De Greeff et al., 2018). Specific to the acute effects of PA
on task-behaviour in a classroom context, our results also
correspond with those from Grieco et al. (2016), who found
that BMI only interacted with PA when activity was compared
to inactive classroom lessons, and not with PA intensity levels.
As this study compared PE lessons of various intensities,
without an inactive control group, and the absence of an
interaction effect for BMI is in line with the current literature.

4.4 Strengths and Limitations
The conclusion drawn from the results are validated by the
ecological validity of the study. The intervention was designed
so as to be implemented with minimal disruption to the “business
as usual” lessons. The nature of observations was also such that
the trained observers did not interfere with the class teacher and
the lesson, so that children’s learning, and behaviour was
minimally affected. Furthermore, the PE lessons themselves
were carefully designed to reflect the national curriculum for
PE in the United Kingdom, and delivered in the same manner to
every class. The rigorous methodological design ensured a
detailed and intensive observational measure which enabled
the researchers to collect a large number of observations or
data points suitable for the analysis conducted. An additional
strength of the study was its within-person design, where all
participants took part in all the different PE intervention lessons,
allowing the analysis of both within- and between-person
variance. The study also had certain limitations. For example,

a smaller sub-sample was used to answer the third research
question, as the sample was split into smaller sub-samples.
This may have contributed to the absence of effects for BMI,
as the sample was split across four categories, rather than the two
categories in analyses of interactions of regular MVPA and sex.
While the findings from our study are promising, a larger scale
replication would be beneficial, with a similar study design and
distinction between levels of intensity and different types of off-
task behaviour, which is sparse in the wider literature. Finally, it
must be noted that in observation studies, a certain level of
inference cannot be avoided. Moreover, it was not possible to
blind the observers to the conditions of the PE lesson. To address
these limitations and ensure the observations were of high quality,
one of the two observers was blind to the hypotheses of the study,
and inter-rater reliability checks were regularly carried out
throughout the data collection period, with Cohen’s Kappa
> 0.8 at all times.

4.5 Implications
The present findings further add to the wider literature in
emphasising the importance of PA in school and its potential
subsequent positive effect on children’s learning behaviour.
Completing the required class-work demands a level of focus
and concentration, which can be facilitated if on-task
behaviour can be increased. These results also have direct
implications for primary school teachers, as they can use the
content of PE lessons to support their pupils’ learning in the
classroom, and in particular the behaviour of the most
disruptive pupils. Moreover, our finding that children’s
improvement in on-task behaviour is dependant on whether
they are actively or passively off-task, is an important one.
Teachers’ awareness of the type of off-task behaviour their class
is exhibiting can enable them to better tailor the intensity of PE
lessons for optimal effectiveness. Furthermore, individual
differences are important for teachers to take into account,
notably children’s PA levels outside of school. The lesser-active
children in our sample did not benefit from the highest-
intensity lessons, which they rated as highly tiring.
Therefore, a substantial implication of the findings is that
PE lessons and PA breaks during learning are not a “one-
size-fits-all”, and positive effects can be maximised if the
intensity level is adjusted to the individual child.

4.5.1 Conclusion
The present study aimed to investigate the effects of different
intensity PE lessons on on- and off-task behaviour in the
classroom in primary school-aged children. The results have
demonstrated that individual differences in children play a
role in their response to different types of PE lessons. By
distinguishing between different intensities of PA, the results
demonstrated the nuance necessary in furthering our
understanding of the effects of PA on on-task behaviour.
Overall, the findings emphasise the importance of the positive
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effects of PE on children’s classroom behaviour. Our findings, in
line with the wider literature, reinforce the importance for schools
to expand, extend, and enhance opportunities for PA in the
curriculum.
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