Journal of Science and Medicine in Sport XXX (XXXX) XXX-XXX

Contents lists available at ScienceDirect

Journal of Science and Medicine in Sport

journal homepage: www.elsevier.com

Original research

The effect of physical education lesson intensity and cognitive demand on
subsequent learning behaviour

Christina H.H.M. Heemskerk * ., David Lubans °, Steve Strand ?, Lars-Erik Malmberg

& Oxford University, Department of Education, United Kingdom
b Priority Research Centre for Physical Activity and Nutrition, University of Newcastle, Australia

ARTICLE INFO ABSTRACT

Article history:

Received 1 July 2019

Received in revised form 14 November 2019
Accepted 12 December 2019

Objectives
To investigate the effect of (i) physical education (PE) lesson intensity and (ii) skill complexity, and (iii)
their interaction on students’ on-task behaviour in the classroom.

. . Design
Available ontine xxx Within-subject repeated-measures.
Methods
Keywords: Participants were children (N=101, age 7-11) recruited from four elementary schools in Oxfordshire,
On-task ) United Kingdom. The experiment consisted of manipulating the aerobic intensity (low/medium/high) and skill
ﬁtct‘“et‘exerc‘se complexity (low/high) of PE lessons. Children participated in all six conditions of the experiment: low in-
ention

tensity—low complexity (flexibility), medium intensity—low complexity (health related exercise), high inten-
sity—low complexity (sprinting games), low intensity—high complexity (bi-lateral ball skills), medium inten-
sity—high complexity (ball games), high intensity—high complexity (aerobics). Children’s behaviour in the
classroom was observed every 30s for 25 min before and after each PE lesson and rated as on-task or off-task.
Results

A main effect of intensity on children’s on-task behaviour was found (F, 5;634)=11.07, p<0.001), with
greater on-task behaviour following high intensity PE lessons (tyign=2.85, p<0.01 — tyeqim=0.52, p=0.60,
d=0.2). No main effect of complexity on on-task behaviour was observed (F, 51636)=1.89, p=0.17). The in-
teraction of intensity and complexity was significant (F(, 51624)=69.19, p<0.001).
Conclusions

These findings suggest that participation in PE lessons can improve children’s on-task behaviour in the
classroom. PE lessons involving high complexity and high intensity, or low complexity and medium intensity
appear to have the greatest benefits for students’ behaviour in the classroom.
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Practical implication

e Careful planning of PE lesson content can maximise the benefits to
pupils’ learning.

e Primary school teachers can use PE lesson content to help improve
pupils’ task-related behaviour.

e No evidence was found of negative effects of PE lesson participa-
tion on subsequent classroom behaviour.

1. Introduction
Participation in physical activity (PA) can enhance children’s cog-

. . . 1.2 .
nitive function and academic performance.”” A range of neurobi-
ological, behavioural and psychosocial mechanisms may explain
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these effects.’ This study investigates the effects of PA on subsequent
classroom behaviour; behavioural engagement is an antecedent of aca-
demic achievement’ and therefore of interest to teachers. Neurobio-
logical mechanisms thought to explain the link between PA and cogni-
tive performance are based on the overlap in the brain areas involved
in motor tasks and cognitive processing for learning and attention.’
The effect of acute PA on the brain varies by the intensity and com-
plexity of the exercise. Complex skills require greater involvement of
the prefrontal structures, thus providing greater overlap with cognitive
processing.6 Intensity influences the level of arousal in the brain tis-
sue; low and medium intensity are considered most effective for learn-
ing when this is tested immediately after a bout of PA, yet after a delay
very low intensity PA has negligible effects.”

Results of recent studies investigating the effects of cognitively
engaging PA on measures of attention have been inconclusive,® and
despite the increase in research being conducted in this area, the
dose-response relationship between exercise and on-task behaviour
in primary school children remains unclear. The studies with this
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age group tend to focus on comparing exercise to a resting condition,
or cognitively engaging exercise to simple exercise at a set intensity.
In this study, the effects of low, medium and high intensity exercise
with and without cognitive demand from skill complexity on on-task
behaviour in the primary school classroom were compared. To the au-
thors’ knowledge, no work has been published comparing the com-
bination of exercise intensity and complexity by systematically ma-
nipulating physical education (PE) lesson content across both com-
plexity and intensity. To address the lack of ecological validity in the
current literature, this study took place in a school setting, with ob-
servations conducted during normal classroom lessons, and with the
exercise conditions lasting for the duration of a standard PE lesson
(mean=239.5 min).

2. Methods

Ethical approval was granted by the Departmental Research Ethics
Committee at the University of Oxford Department of Education,
Oxford, United Kingdom. Head teachers and parents provided writ-
ten informed consent, and participants provided written informed as-
sent. The study is registered with the Research Registry (research reg-
istry 4714).

Thirty-eight elementary schools in Oxfordshire were invited via
email to participate in the study, four schools responded and a total of
eight classes were recruited. Children in years 3—6 (ages 7-11) were
eligible to participate if they were physically capable of taking part in
PE lessons, had no diagnosis of epilepsy, ADHD or ASD, and did not
require a steroid inhaler for asthma or insulin treatment for diabetes.
Due to the small sample size anticipated for this study, pupils with
these conditions or medications were excluded to avoid the behaviour
findings being influenced by their medical conditions or medication
timings, rather than by the intervention effects.

Exercise condition order was randomly allocated at the class level.
All children in the class took part in the classroom and PE lessons,
but only participants with parental consent wore accelerometers and
were observed. Teachers were blind to the study hypotheses and were
not informed how PE content related to the research questions. Partic-
ipants were blind to the specific nature of the observations. To prevent
anticipation effects in the lesson before PE, participants were not told
what they would be doing in the PE lesson until they had changed into
their kit at the start of PE.

Participants were fitted with a GENEActiv® accelerometer at the
end of school on the day before the intervention. They were instructed
to wear the device on their non-dominant wrist until the end of the
next school day. All observations and PE lessons took place in the af-
ternoon. Pre-PE observations started as soon as the children returned
to the classroom after lunch and lasted for 25 min. Immediately af-
ter observations finished, the class prepared for PE. PE lessons lasted
between 31 and 48min (M=39.5, SD=4.5), depending on the tim-
ings of the day in each school. After PE, children returned straight to
the classroom without changing, and another 25-min observation took
place.

Classroom lesson were taught by the usual classroom teacher, and
content varied across participating classes. Teachers were asked to
teach the same topic for each of the six weeks to prevent effects of
participants’ general subject liking and interest on their behaviour. PE
lessons were taught by the lead researcher in all classes. They in-
volved low or high skill complexity, and were at low, medium, or
high intensity (Fig. S1). Intensity was varied by the level of conti-
nuity of exercises, posture, and explosiveness of the movements in-
cluded. Complexity was achieved by using coordinative exercises'
involving bilateral movements, the use of non-dominant hand or

foot, sequencing of movements, and frequent and rapid changes to the
exercises and movements.

Low intensity, low complexity PE lesson: after a walking-pace
warm-up, participants were led through static stretching exercises and
completed a sit-and-reach test. They then did additional static stretch-
ing and re-did the sit-and-reach test, trying to beat their previous
score. Whilst waiting their turn for the sit-and-reach test, they were in-
structed to remain seated in a designated area and chatted quietly with
their peers.

Medium intensity, low complexity lesson: after a simple warm-up
involving running to markers, sprinting on the spot, and static stretch-
ing, participants completed fitness tests. A timed 20m sprint, 1-min
press-up test, 1-min sit-up test, and standing long jump were assessed.
Each child did the 20m sprint three times, and the whole class was
given two minutes to independently practise the standing long jump.
Sit-ups and press-ups were completed with a partner.

High intensity, low complexity lesson: after playing a high-paced
running game and static stretching for their warm-up, participants had
a quick practise of simple running technique. They then completed the
multi-stage fitness test, capped at level 10. After they failed to keep
up with the test pace children were encouraged to keep running on the
side lines. Then, continuous 10m sprints were completed in a 4-lane
course, as well as straight-line relays using high-fives instead of ba-
tons.

Low intensity, high complexity lesson: after a warm-up of sta-
tionary and walking-pace single-handed throwing a catching of ten-
nis balls with their non-dominant hand and static stretching, partici-
pants attempted to juggle two balls for one minute and counted how
many times they successfully threw and caught the ball. They then
worked with a partner to do exercises involving timing, reaction time,
passing and receiving with hands and feet, using predominantly their
non-dominant hand or foot (depending on skill level). After five min-
utes of specific juggling practice they re-did their one minute of jug-
gling, attempting to beat their previous score.

Medium intensity, high complexity lesson: after a running game in-
volving reacting to a partner’s movements and static stretching for the
warm-up, participants practised their passing and catching skills with
their non-dominant hand. They started off stationary, progressing to
passing on the move, then passing on the move with a defender (dy-
namic ‘piggy in the middle’). Finally, they played a tournament of
1-min passing games in teams of three or four, with different rules in
each game.

High intensity, high complexity lesson: after a warm-up of
free-style moving to music, during which the children were encour-
aged to be as energetic as possible, and static stretching, the class
took part in an aerobics session led by the lead researcher. Movements
got increasingly more complex, with arms and legs moving simulta-
neously in different directions, leg movement staying the same with
arm movements changing, and the introduction of turns and jumps.
Sequences were repeated for the duration of a full song to ensure high
intensity.

Each lesson was concluded with a plenary in which pupils quietly
reflected on what they had really enjoyed in the lesson and what they
wanted to get better at, and finally they told another child something
they had done well in this lesson. They then lined up and returned
straight to their classroom for their next lesson and observation.

The observation protocol was adapted from the BOSS.! In this
study, on-task behaviour was operationalised as ‘goal-directed,
task-appropriate behaviour’. The ‘goal-directed’ element of the op-
erationalisation accounts for the absence or irrelevant or distracted
behaviour such as yawning, day-dreaming, task-unrelated movement,
or communication that interfered with the completion of the teacher-
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specified task. Two raters conducted the observations, observing six
participants each. Across the six weeks, the two raters observed the
same participants each time as far as absences allowed. Inter-rater re-
liability checks were performed at the start of each block of data col-
lection (K=0.8, strong agreementlz). Each participant was observed
every 30s, and behaviour was recorded as ‘on-task’, ‘passive
off-task’, or ‘active off-task’. Task type was also recorded (individ-
ual, paired, group work, teacher-led). Off-task behaviour was coded
‘passive’ or ‘active’, to assess if the type of off-task behaviour might
be affected by exercise intensity or complexity. No further distinction
was made between active or passive on-task behaviour, and motor or
verbal active off-task behavior.!!

On-task behaviour was analysed as a binary outcome (0= off-task,
1=on-task), using generalised linear mixed models in SPSS 24."* Ob-
servations were nested in days, and days in participants, with pre/
post-PE, PE intensity, and PE skill complexity as predictors of on-task
behaviour. Lessons with a minimum of 40 valid observations were
included for analysis. Effect sizes (Cohen’s d) were calculated using

Borenstein’s'* equation ¢ = 1n odds ratio x % Accelerometery data

was included for analysis if a minimum of 30 min of valid data was
recorded during the PE lesson. Outliers were removed for each in-
tensity. Using a 3(intensity)-by-2(complexity) ANOVA, percentage of
PE lesson time at moderate (MPA) and vigorous (VPA) intensity was
analysed to determine if PE lesson intensity differed significantly be-
tween lesson intensity, complexity, and intensity-by-complexity inter-
action. Cut points for MPA and VPA were taken from a validation
study of wrist-worn GENEActiv devices in 120 nine- to ten-year-old
children. "

This study was funded by the United Kingdom’s Economic and
Social Research Council (ESRC). The ESRC has not been involved in
the design or execution of the study, including data analysis or inter-
pretation.

3. Results
Participant flow through the trial is shown in Fig. S2. Percentages

of MPA and VPA differed significantly between the six conditions
(Fypa@y=5.72, p<0.01, Fypa=20.91, p<0.001), with a main ef-

Table 2
Effect of PE lesson content on on-task behaviour.

Table 1
Mean percentage MPA and VPA per PE lesson intensity and complexity.

% Moderate % Vigorous
PA PA
Std
N M D M Std D
Intensity
Low 156  9.42 4.39 252 222
Medium 148 991 3.18 4.53  2.59
High 155 11.70 426 773 3.44
Complexity
Low 234 7.85 2.71 436  3.65
High 225 1294  3.68 551 331
Intensity-by-complexity
Low intensity, low complexity 77 6.71 221 1.50 1.70
Medium intensity, low 76 8.04 2.69 3.21 1.91
complexity
High intensity, low complexity 81 8.76 2.81 817 298
Low intensity, high complexity 79 12.06  4.38 3.50  2.23
Medium intensity, high 72 11.87 238 593 249
complexity

High intensity, high complexity 74 14.91 3.10 724  3.85

fects for intensity (Fypa)=27.86, p<0.001, Fyppp,=154.89,
p<0.001), as well as complexity (Fypa)=326.63, p<0.001,
Fypa)=26.65, p<0.001), indicating that high complexity increased
MPA and VPA, and that within each complexity level %MPA and
%VPA increased as lesson intensity increased (Table 1). Especially
MPA was influenced by the increase in complexity, and particularly
so for the low intensity lesson, which consisted of juggling. This may
be a result of the accelerometers being worn on the wrist.

Table 2 shows the time effect and time-by-condition effects of
PE lesson intensity, complexity and intensity-by-complexity. On-task
behaviour was significantly higher after PE than before PE
(F(1,51638=106.63, p<0.001, d=0.12). An effect of time-by-inten-
sity on on-task behaviour was found (F, 51634y=11.07, p<0.001), but
only for high intensity PE lessons (tyigh=2.85, p<0.01, tyeqium=0.52,
p=0.60, d=0.2) (Fig. 1A). No effect of time-by-complexity on
on-task behaviour was observed (F(; 5/636)=1.89, p=0.17) (Fig. 1B).
The interaction of intensity and complexity was significant
(F2.51628)=69.19, p<0.001).

Effect size (condition

Condition Pairwise contrasts On-task probability on on-task behaviour)
Probability ~ Odds
On-task behaviour compared to pre-PE 95% CI1 Probability ratio ratio
Contrast Adjusted Post/
Time B SE t df p Lower  Upper  Pre Post  Post/pre pre Cohen’s d
Post-PE 0.041 0.004  9.83 51638 *** 0.033 0.049 074 078 1.05 1.25 0.12
Time-by-intensity On-task behaviour post-PE compared to low condition
Low 075 0.77 1.03 1.11 0.06
Medium 0.007 0.013  0.524 51634 -0.019  0.033 074 0.78 1.05 1.22 0.11
High 0.037 0.013  2.851 51634  ** 0.011 0.062 074 081 1.08 1.43 0.20
Time-by-complexity On-task behaviour post-PE compared to low condition
Low 074 078 1.05 1.22 0.11
High 0.018 0.010  1.746 51636 -0.002  0.039 075 079  1.06 1.29 0.14
Time-by-intensity-by-complexity
Intensity Complexity  On-task behaviour post-PE compared to pre-PE
Low Low —-0.012 0.010 -1.248 51628 -0.031  0.007 076 0.75  0.98 0.48 —-0.04
Medium Low 0.101 0.011  9.221 51628 *** 0.080 0.123 072 082 1.14 1.78 0.32
High Low 0.026 0.010  2.570 51628  * 0.006 0.045 074 076  1.03 1.15 0.07
Low High 0.060 0.011 5375 51628  *** 0.038 0.082 073 079 1.08 1.39 0.18
Medium High -0.017 0.009 -1.768 51628 -0.035  0.002 075 0.74 0.98 0.92 -0.05
High High 0.093 0.010  9.741 51628 e 0.075 0.112 076 085 1.12 1.82 0.33
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Fig. 1. Effect size of PE lesson conditions on on-task behaviour. 1A. Effect sizes by PE lesson intensity, 1B. Effect sizes by PE lesson skill complexity, 1C. Effect sizes by PE lesson

condition.

Fig. 1C shows the effect size for each condition. On-task behav-
iour did not differ after low intensity/low complexity (control condi-
tion) and medium intensity/high complexity PE lessons. After high in-
tensity/low complexity (OR=1.12) and low intensity/high complexity
(OR=1.39) it differed, but effect sizes were d=0.06 and d=0.18 re-
spectively. Small positive effect sizes were found for medium inten-
sity/low complexity (OR=1.78, d=0.32) and high intensity/high com-
plexity (OR=1.82,d=0.33).

4. Discussion

To our knowledge, this is the first study to systematically compare
the effect of six types of PE lessons of varying intensity and com-
plexity on students’ on-task behaviour. This study found that after PE
lessons, participants displayed equal or increased on-task behaviour
compared to before PE, depending on the content of the PE lesson
(Fig. 1C).

Our study found an overall effect of PE lesson on on-task be-
haviour; d=0.12, a somewhat smaller effect than Owen et al.'® re-

ported as the overall association between PA and school engagement
in children (d=0.27). Their review however included studies reporting
on wider school engagement rather than specific task-behaviour, and
included studies on active classroom lessons and active breaks, as well
as PE lessons.

Studies on active classroom breaks or active lessons and subse-
quent on-task behaviour have reported effect sizes of 0.31 (decreased
passive off-task behaviour)'” to 0.60 (increased time on-task)18 in the
same age group as in our study, and active lessons are reported to pre-
vent a decline in on-task behaviour (d=—1.28) compared to sedentary
lessons.'? Yet, all of these interventions took place within the class-
room. Wilson et al.? investigated active breaks outside the classroom
and found no effects on elementary school pupils’ subsequent on-task
behaviour. Additionally, with active breaks having a shorter duration
than PE lessons, and active lessons providing a qualitatively differ-
ent type of physical activity due to space limitations, these results
cannot be directly generalised to PE lessons. PE lesson intervention
studies have also reported positive findings on measures of attention.
However, to our knowledge no previous studies of PE lessons have
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used on-task behaviour as the outcome measure. Typically, psycho-
metric tests such as the d2 test of attention,”! or Flanker test of inhi-
bition?? are used, so these results cannot be directly compared to our
study outcomes.

The time-by-intensity effect in our study was significant for high
intensity only (d=0.2) (Fig. 1A). This is contrary to our hypothesis
that medium intensity PE would have the greatest effect on subsequent
behaviour. The difference in our results for intensity may be explained
by the use of a different outcome measure to previous studies’; our
study investigated on-task behaviour during a normal classroom les-
son, rather than cognitive performance measured in a laboratory or
in a classroom under exam conditions. Additionally, previous studies
of exercise intensity have been conducted with adult samples,”>** not
pre-adolescents.

Our study found no time-by-complexity effects (Fig. 1B). This is
in line with previous studies reporting no effects for cognitively en-
gaging PE lessons on measures of attention, compared to simple PE
lessons.?>% This result differs from the positive effects found in stud-
ies of on-task behaviour in active lessons.'® This may be due to com-
plexity in this intervention being derived from high coordinative de-
mands of the movements in the PE lesson, rather than by adding
an academic content to simple movements like in active classroom
lessons.

Nonetheless, an effect of time-by-complexity-by-intensity was
found. At low complexity, medium intensity had the greatest posi-
tive effect on behaviour (d=0.32), consistent with the hypothesised in-
verted-U effect of aerobic intensity (Fig. 1C). As studies reporting the
inverted-U effect involved exercise on treadmills or stationary bikes,”
with little complexity to the movements, it may be that the inclusion of
high-complexity exercise in the time-by-intensity analysis influenced
the outcome.

As hypothesised, the effects of high-complexity lessons were pos-
itive for low and high intensity, with a greater effect for high inten-
sity (d=0.33) than low intensity (d=0.18). Unexpectedly, no effect of
medium intensity lessons was found (Fig. 1C). In contrast to previ-
ous studies that found positive effects of cognitively challenging mod-
erate intensity exercise compared to simple moderate intensity exer-
cise, %22 our study found that at moderate intensity, there was a sig-
nificant effect of simple, but not cognitively challenging exercise.

As well as the use of on-task behaviour as the outcome measure,
the duration of the exercise bout may account for the contrasting re-
sult of medium intensity/high complexity PE lessons in our study and
previous literature. Finally, there is a possibility that the activities cho-
sen to make the lesson cognitively challenging (passing games using
the non-dominant hand, moving and passing, and team games involv-
ing passing) affected participants in more ways than just the intensity
level and cognitive demands. These were all social activities, requir-
ing work with a partner or team, and in the final activity (games) they
competed against their peers. Results from studies reporting games ac-
tivities are inconclusive; although Pesce et al?’ report positive effects
of team games on immediate memory performance, Wilson et al®
found no effect of a games intervention on subsequent on-task behav-
iour. Social interactions and emotional state after PA have been linked
to attentional performance,21 and may have affected on-task behaviour
in our study.

Our study has strong ecological validity due to its settings in nor-
mal classroom lessons, and the observation of behaviour in these nat-
uralistic settings. The content of all PE lessons is directly related to
the England National Curriculum for PE and required minimal and
standard equipment. The PE lessons were delivered by the lead re-
searcher across all participating classrooms to ensure consistency.
However, there are some limitations that should be noted. As

the same researcher also carried out the observations, and the re-
search assistant observed the PE lessons to take notes of the timings
of each activity, there is a potential for bias. PA measures obtained
by wrist-worn accelerometers may have been more sensitive to some
forms of PA than others (passing versus press-ups) and not give a fully
accurate representation of the PE lesson intensity. Finally, the sample
size was relatively small. Therefore, a larger-scale cluster randomised
controlled trial with blinded assessors is needed to replicate these find-
ings.

5. Conclusion

These findings suggest that participation in PE lessons can improve
children’s on-task behaviour in the classroom. PE lessons involving
high complexity and high intensity, or low complexity and medium in-
tensity appear to have the greatest benefits for students’ behaviour in
the classroom. No detrimental effects of exercise-induced arousal or
tiredness on behaviour were found.
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