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Abstract
Background: Children's participation in physical education 
(PE) is seen as important for developing an active lifestyle 
and has been positively linked to academic achievement. 
Physical activity (PA) levels during PE are thought to be 
linked to PE- motivation, although this relation is poorly 
understood.
Aims: This study examined (1) whether children's PA- levels 
during PE were predictive of their PE- motivation and (2) 
whether the relation between PA- levels and motivation was 
moderated by children's academic achievement. Where pre-
vious studies focused on moderate- to- vigorous physical ac-
tivity (MVPA), disregarding the potential beneficial role of 
lower intensities of PA, we included MVPA, light- intensity 
physical activity (LPA) and sedentary behaviour (SED).
Sample: In total, 891 primary school students participated 
(mean age = 9.2 years).
Methods: During one regular PE- lesson, PA- levels (using 
accelerometers) and PE- motivation (Intrinsic Motivation 
Inventory) were measured. Academic achievement in read-
ing, mathematics and spelling was measured with standard-
ized tests.
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INTRODUCTION

Around 40% of 4- to- 11- year- olds in the Netherlands fails to meet the daily recommended amount of 
physical activity (PA; Centraal Bureau voor de Statistiek (CBS; Statistics Netherlands), 2020). Across 
European countries, the picture is even more worrisome, with only one in four 11- year- olds meet-
ing the recommended amount of PA (WHO, 2018). Physical education (PE) plays an important role 
in developing children's physically active lifestyle, by teaching them a variety of sports- related skills 
and knowledge, introducing them to various sports and activities, and developing a positive attitude 
towards PA (Fairclough & Stratton, 2006; Slingerland et al., 2011). One of the most important factors 
in facilitating PA during PE is motivation (Davies et al., 2015; Jaakkola & Washington, 2013; Standage 
et al., 2003). It is therefore worrisome that children's PE- motivation seems to decline already during 
the lower primary school grades (e.g., Chanal et al., 2019; Ntoumanis & Standage, 2009). More insight 
into how PA- behaviour during PE and PE- motivation are related, and the factors contributing to this 
relation might help in fostering children's PE- motivation and participation, thereby contributing to a 
lifelong physically active lifestyle.

PE- motivation

The most commonly used framework for understanding PE- motivation is self- determination theory 
(SDT; Ryan & Deci, 2000; Van den Berghe et al., 2014), placing motivation on a continuum from 
amotivation (the absence of motivation), via extrinsic motivation (behaviour regulated by external mo-
tivators, e.g., control or guilt) to intrinsic motivation, which is considered to be the most autonomous 
type of motivation. Intrinsic motivation refers to engagement in an activity because of the inherent 
pleasure in, or personal value for the activity itself (Ryan & Deci, 2000). Intrinsic motivation has been 
positively related to cognitive (concentration), affective (enjoyment during PA) and behavioural (effort 
expended during PE, intentions to exercise) factors (Cox et al., 2008; Lonsdale et al., 2009). Children's 
PE- related intrinsic motivation thus seems to be linked to children's effort during PE, their intention to 
exercise during leisure time and a physically active lifestyle (Hagger et al., 2009; Standage et al., 2012), 
which in turn will be positively linked to PA- behaviour as well. More extrinsic types of motivation on 
the other hand have been related to negative outcomes, such as fewer intentions to be physically active 
(Ntoumanis & Standage, 2009).

Results: A structural equation model revealed that LPA, 
MVPA and academic achievement positively predicted PE- 
motivation. The interaction between academic achievement 
and PA- levels was not related to PE- motivation. SED was 
excluded from the models due to multicollinearity.
Conclusion: Children who are more engaged in LPA and 
MVPA and who perform better academically generally seem 
to be more motivated for PE, suggesting that PA- intensity 
levels and PE- motivation are bidirectionally linked. Results 
underline the importance of also examining LPA.

K E Y W O R D S
academic achievement, accelerometry, intrinsic motivation, physical 
activity, physical education
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Only few studies have empirically examined relations between children's PE- motivation and PA- 
levels during PE, mostly using subjective self- report scales for measuring the amount and intensity of 
children's PA during PE (Bryan & Solmon, 2012; Johnson et al., 2017; Lonsdale et al., 2009). Although 
giving some insight into relations between motivation and PA- levels, self- report scales generally overes-
timate PA- levels in the school context (e.g., Janz et al., 2008) and correlate poorly to more objective mea-
sures of PA- behaviour (e.g., Shephard, 2003). Objective assessment methods for PA- related behaviour 
are seen as the gold standard for providing objective, reliable and accurate measures of PA- behaviour 
(Chanal et al., 2019; Shephard, 2003). Inconsistent results have been reported in the few studies using 
objective measures of primary school students' PA- behaviour (i.e., accelerometers or pedometers), find-
ing relations between PE- motivation and PA- behaviour in some studies (Boiché et al., 2020; Johnson 
et al., 2017; Owen et al., 2013), but not in others (Bryan & Solmon, 2012; Erwin et al., 2013).

In explaining these inconsistent results, the directionality of the relation between PE- motivation and 
PA- behaviour might play a role. Studies have mostly taken a cross- sectional approach, finding inconsis-
tent results in examining whether PE- motivation is predictive of PE- behaviour (Bryan & Solmon, 2012; 
Erwin et al., 2013). Yet, this relation is likely to be bidirectional, meaning that not only motivation is 
a predictor of PE- behaviour, but also vice versa, with behaviour predicting motivation. Although this 
assumption has not yet been examined in PE, studies on achievement in other academic domains have 
argued for this bidirectional approach (e.g., van Bergen et al., 2021; also see Vu et al., 2021), with a re-
cent meta- analysis reporting stronger effects of achievement on motivation (β = .15) than the other way 
around (β = .08; Scharmer, 2020, in Vu et al., 2021).

Although the referral to a bidirectional relation between achievement and motivation mainly refers 
to the way academic achievement is related to motivation, a referral to academic behaviours is made as well: 
behaviours that individuals engage in for reaching certain achievements. Particularly effort is seen as 
an important explanatory behavioural factor in the relation between motivation and achievement (Vu 
et al., 2021). This behavioural account nicely fits the domain of PE, where effort can be easily derived 
from the intensity level with which children participate. It is argued that putting in more effort and 
participating at higher intensity levels contributes to a more positive attitude towards PA by resulting 
in more positive affective responses immediately after a PE- lesson (Guérin & Fortier, 2012; Reed & 
Ones, 2006). Repeated exposure to these positive affective experiences resulting from PA is thought to 
foster PE- motivation (Kwan & Bryan, 2010), which in turn facilitates children's effortful PA- behaviour 
during PE (e.g., Boiché et al., 2020; Johnson et al., 2017; Owen et al., 2013). It can thus be hypothesized 
that the relation between PE- motivation and PA- behaviour comprises a reinforcing cycle in which be-
haviour and motivation are bidirectionally related.

Motivation and moderate- to- vigorous physical activity (MVPA), LPA and SED

Some authors have argued that dose of PA- intensity is a key variable in predicting affective re-
sponses to PA. That is, a higher dose of moderate- to- high intensity PA is thought to result in a more 
negative affective response than lower doses at a low- to- moderate intensity due to factors associated 
with fatigue, such as changes in brain serotonin and blood glucose (see Reed & Ones, 2006). Yet, 
others have argued that both low-  and high- intensity PA can result in positive affect via different 
pathways (Ekkekakis, 2003). Despite these theoretical arguments, the role of PA- intensity levels 
for PE- motivation remains relatively unexplored, because studies have solely examined whether 
PE- motivation predicts PA- intensity levels. In addition, these studies have mostly focused on 
moderate- to- vigorous PA (MVPA; >3 metabolic equivalent of task; METs). Although MVPA is 
the recommended intensity level for enhancing fitness and health (da Costa et al., 2019; Grgic 
et al., 2018), the focus on MVPA leaves the potential positive contribution of light- intensity physical 
activity (LPA), and the negative effects of sedentary behaviour (SED) underexposed. Yet, most of 
children's waking time consists of LPA and SED (Van Stralen et al., 2014; Verloigne et al., 2012), 
and LPA and SED are common intensity levels during PE (e.g., Boiché et al., 2020; Fairclough & 



4 of  23 |   de BRUIJN et al.

Stratton, 2006; Fröberg et al., 2017; Slingerland et al., 2011). Research suggests that LPA provides 
benefits for children's fitness and body composition as well, by contributing to the total daily en-
ergy expenditure (Kwon et al., 2011; Poitras et al., 2016). LPA refers to activities with an energy 
expenditure between 1.5 and 3 METs, such as casual walking, muscle strengthening or balancing 
(Van der Ploeg & Hillsdon, 2017). Practising new movement skills is a good example of LPA, as time 
is then allocated to instruction, feedback and slow- pace practice (Valery et al., 2012). Especially, 
replacing SED with LPA seems a feasible strategy to increase PA and promote health (Hamilton 
et al., 2004; Tremblay et al., 2017). SED refers to behaviour with a low energy expenditure (≤1.5 
METs), for example sitting or lying down (Tremblay et al., 2017), being related to maladaptive out-
comes for children's health- related quality of life; and physical, mental and psychosocial develop-
ment (Rodriguez- Ayllon et al., 2019; Wu et al., 2017). SED is an independent health risk, meaning 
that children can experience negative consequences from spending too much time in SED, even if 
they are also engaging in MVPA (Mooses et al., 2017).

To our knowledge, only the study by Boiché et al. (2020) took SED and LPA into account in relat-
ing them to motivated behaviour during PE. In line with SDT (Ryan & Deci, 2000), they found that 
more intrinsically motivated children engaged less in SED (Boiché et al., 2020). PE- motivation was not 
significantly related to LPA. Their measure of intrinsic motivation consisted of two specific aspects: 
the pleasure of accomplishing something (motivation towards accomplishment) and the pleasure of 
performing an activity (motivation towards stimulation), following the tripartite model by Vallerand 
and O'Connor (1989). However, for educational research it has been recommended to use more global 
measures of intrinsic motivation, which are better able to capture motivated behaviour, being more 
strongly related to contextual antecedents and behavioural outcomes than specific measures such as 
accomplishment- motivation (Howard et al., 2020).

Academic achievement

In trying to understand the relation between PA- intensity and PE- motivation, it is important to note 
that there is considerable variation in the percentage of PE- time children spend in MVPA (Fairclough & 
Stratton, 2006; Hollis et al., 2016; Sallis & Saelens, 2000). Gender, age and perceived competence have 
been found to play an important role in PA- intensity levels (e.g., Craggs et al., 2011; Dumith et al., 2011; 
Sallis & Saelens, 2000) and PE- motivation (Brazendale et al., 2015; Prochaska et al., 2003). Also, rela-
tions between PA- behaviour and PE- motivation seem to differ depending on child characteristics such 
as gender (Saugy et al., 2020). One relevant factor that has previously been underexposed in studies 
on PE- motivation and PA- behaviour is children's academic achievement, despite the fact that a wealth 
of studies has revealed that academic achievement and PA- behaviour are positively linked (Donnelly 
et al., 2016; Singh et al., 2019). Although leisure- time PA cannot necessarily be equated with PA- intensity 
levels during PE, it is likely that similar mechanisms apply, especially since leisure- time PA participa-
tion is related to PA- intensity levels during PE (e.g., Slingerland et al., 2012). Accordingly, Slingerland 
et al. (2011) in their study on PA- intensity levels during secondary school PE found that PA- intensity 
levels were related to students' educational level, with students in higher educational levels on average 
participating more in MVPA than students in lower educational levels. They did not provide an explana-
tion for this finding, mainly because it was a novel result that was not reported in previous studies. To 
our knowledge, no studies since then dived deeper into this result. Yet, this finding is important to take 
into account when examining PE- motivation, as it suggests that PA- intensity may be differently related 
to motivation depending on children's academic achievement levels.

Several explanations can be provided to account for the relation between academic achievement and 
PA- behaviour during PE. Firstly, higher academically achieving children are more likely to participate 
in MVPA during PE than their lower academically achieving peers, as they are physically fitter and 
have better- developed motor skills (De Bruijn et al., 2019). As physical competencies have found to be 
a prerequisite for participating in PE at higher intensity levels (Fairclough & Stratton, 2005), it is likely 
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that lower- achieving peers will have more difficulties with participating at higher intensity levels in PE, 
due to their less well- developed physical competencies (Rink, 1994).

Secondly, lower academical achievers have more difficulties with the cognitive demands of PE- 
activities (Faison- Hodge & Porretta, 2004). They are therefore likely to spend more time in SED or LPA 
during PE, simply because the cognitive effort needed to perform the exercises prevents them from 
participating at higher intensity levels. That is, it is known that participating at higher intensity levels is 
difficult during exercises that impose high cognitive demands, for example due to the inclusion of ad-
vanced skills, complex rules or social demands (e.g., Tomporowski et al., 2015). With practice, complex 
skills and exercises can become more automated (Anderson, 1982; Fitts, 1964; Gandotra et al., 2021), 
resulting in a lower cognitive load during task execution and the possibility to engage in higher inten-
sity levels. Although low academic achievement is not solely the result of less well- developed cognitive 
functions, cognitive functioning is an important predictor of how well children perform in school that 
has consistently been related to academic achievement (e.g., Best & Miller, 2010; Geary, 2011; Peng 
et al., 2018; Rohde & Thompson, 2007).

Lastly, related to the argument above, lower academic achievers are likely to experience difficulties 
with instructions provided by the PE teacher due to their lower cognitive capacities. That is, explicit 
instruction on motor movements or physical exercises rely on skills such as attention and working mem-
ory, for the retrieval of conscious, declarative knowledge (e.g., about movement patterns or game rules; 
Jaroslawska et al., 2015). Especially for lower academically achieving children, these instructions can 
be considered complex, as their limited cognitive capacities (Gathercole et al., 2016) are likely to result 
in difficulties with understanding instructions, thereby increasing the chances of cognitive overload 
during task execution or game play (e.g., Masters & Maxwell, 2008).

Following these results, an interaction between academic achievement level and PA- levels can be 
expected in predicting motivation. Although in general, LPA and MVPA will be positively, and SED 
will be negatively related to PE- motivation, this relation might depend on children's academic achieve-
ment. Lower academically achieving children spending time in SED or LPA will not necessarily be 
less motivated for PE. In contrast, their lower intensity levels are likely to reflect the fact that they are 
putting in cognitive effort to acquire and strengthen their physical skills, thereby being predictive of 
their motivation to learn. Lower academical achievers who spend time in SED are for example engaged 
in processing of instructions or thinking about the skills or exercises they need to perform; and their 
engagement in LPA can express their attempts in executing an unfamiliar movement, or an exercise that 
exceeds their physical or cognitive capacities. Over time, as less effort is needed to execute new skills, 
they will be able to participate at higher intensity levels (Anderson, 1982; Fitts, 1964). In contrast, their 
higher academically achieving peers will be able to participate in higher levels of MVPA, as they have 
the capacity to handle the cognitive load inherent in PE- activities.

The present study

This study has two aims. Firstly, we aim to examine whether the intensity level with which children 
participate in PE is related to their PE- motivation, and whether this differs depending on the intensity 
level examined: SED, LPA or MVPA. Adding to previous studies in which PE- motivation was found 
to be predictive of PA- behaviour, we aim to examine whether the relation also works the other way 
around, seeing PA- behaviour as a predictor of PE- motivation. We expect to find a positive relation of 
MVPA and LPA with PE- motivation, and a negative relation between SED and PE- motivation (Boiché 
et al., 2020; Johnson et al., 2017; Owen et al., 2013). Secondly, we will include academic achievement 
as a predictor of PE- motivation, in order to examine whether the relation between PE- intensity levels 
and PE- motivation depends on academic achievement. Based on two hypotheses (i.e., lower physical 
competencies and/or lower cognitive capacities), we expect that higher intensity levels (MVPA) will be 
predictive of PE- motivation for higher- achieving children, whereas lower intensity levels (LPA or SED) 
are thought to be predictive of PE- motivation of lower- achieving children, reflecting the cognitive 
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effort expended to successfully perform physical exercises. Physical competencies will be taken into ac-
count as covariates, since these will play a role in explaining relations among PA- behaviour, academic 
achievement and PE- motivation. Also, gender and SES will be taken into account to control for possible 
differences between boys and girls, and between children of different socioemotional backgrounds.

METHODS

Participants

In total, 891 children (440 boys, 49.4%) in grade 3 (51.2%, n = 456) or grade 4 (48.8%, n = 435) of 22 
regular primary schools (44 classes) in the Netherlands participated in this study, with a mean age of 
9.17 years (SD = .66). Mean body mass index (BMI) of the participating children was 16.73 (SD = 2.41; 
based on n = 857 children). Using the classification values by Cole and Lobstein (2012), 724 (81.3%) chil-
dren were classified as having a healthy BMI, 109 (12.2%) were overweight, and 24 (2.7%) were obese. 
Special needs schools were excluded from this study. Informed consent was obtained from children's 
legal guardians. The Faculty of Behavioral and Movement Sciences of the Vrije Universiteit Amsterdam 
(VCWES1500197) provided ethical consent for the study.

Design

Data of this study are obtained from a large randomized controlled trial examining the effects of two 
14- week PA interventions on primary school students' cognition, academic achievement and brain 
structure and functioning. The interventions were focused on either aerobic PA or cognitively engaging 
PA. One specific intervention lesson in the first 2 weeks of the interventions was selected for children in 
the intervention conditions. This lesson was representative (in terms of design and activities) for other 
lessons comprising the respective intervention, validating the selection of this lesson as a representa-
tion for the entire intervention. In all intervention classes, this lesson was administrated by a specialist 
teacher who was appointed for the project, following a structured manual in which specific instructions 
were provided. Children in the control condition followed a regular lesson provided by their own PE 
teacher, meaning that there was considerable variation in the length, type and content of this lesson. 
More information on the project can be found in previous studies examining effects of the interven-
tions on physical skills (Van der Fels et al., 2020) executive functions (Meijer et al., 2020) and academic 
achievement (De Bruijn et al., 2020).

Data were collected in the school year 2016– 2017. Based on a cluster power analysis using d = .40 as 
effect size (Davis et al., 2011; Sibley & Etnier, 2003; power .90, intraclass correlation ρ = .10, 1- tailed 
α = .05), a required sample size of ≥40 classes (20 schools) was determined. As the present study did 
not look into intervention effects or clustering, a post- hoc power analysis was conducted as well. Previous 
studies have reported effect sizes between .10 and .15 when examining relations between motivation 
and PA (e.g., Boiché et al., 2020; Johnson et al., 2017; Owen et al., 2013). Using an alpha of .05, sample 
size of 891 and three predictors, our study was found to be sufficiently powered, having a power of 1.0 
(for both effect sizes .10 and .15).

Instruments

Motivation

Motivation was measured using a Dutch translation of the Intrinsic Motivation Inventory (IMI; Ryan 
& Deci, 2000) that was adapted to the PE context. Children were asked to answer questions about the 
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PE- lesson they just followed, measuring their situational motivation. Five subscales of the original 
questionnaire were selected based on their applicability: interest (three items), competence (three items), 
effort (three items), value (two items) and pressure/tension (three items). In total, the questionnaire 
consisted of 14 items that were scored on a five- point Likert scale ranging from ‘Strongly disagree’ (1) 
to ‘Strongly agree’ (5). Example items were ‘I enjoyed this PE lesson’ and ‘I think I was pretty good in 
this PE- lesson’. The IMI is considered a valid and reliable (α = .85) measure of motivation (McAuley 
et al., 1989). Individual subscales can be selected and used based on study aims. Also, items can be 
adapted to the context and activities for which it is used (McAuley et al., 1989), supporting the validity 
of the adapted version of the questionnaire. The reliability of our five- subscale IMI was insufficient 
(α = .68). After removal of the three items of the ‘pressure/tension’ subscale, leaving an 11- item ques-
tionnaire, reliability of the IMI in our study was considered good (α = .75). The mean score on the 11 
items was used as a measure of motivation.

PA participation

Accelerometers (ActiGraph, GT3x+) were used to measure the intensity level at which children partici-
pated in PE. A frequency of 100 Hz was used to measure accelerations in three directions. The ActiLife 
software (v6.8.2) was used to analyse data of the vertical axes, using an epoch length of 15 s. Cut- off 
values determined by Evenson et al. (2008) were used to calculate the intensity level: sedentary: 0– 25 
counts/15 s.; light: 26– 573 counts/15 s.; moderate: 574– 1002 counts/15 s; vigorous: ≥ 1003 counts/15 s. 
The number of minutes spent at a moderate and a vigorous intensity level was summed to get a measure 
of time spent in MVPA. A percentage of time in SED, LPA or MVPA was calculated by dividing the 
number of minutes at the particular intensity level by the duration of the PE- lesson in minutes (net les-
son time).

Academic achievement

Academic achievement in reading comprehension, mathematics and spelling was measured using stand-
ardized tests that are part of the Dutch Child Academic Monitoring system (Gillijns & Verhoeven, 1992), 
a large testing battery used by most primary schools in the Netherlands to keep track of their students' 
progress throughout primary school. The tests have been found reliable and valid in a large sample of 
Dutch primary school students (Hop et al., 2016; Tomesen, Weekers, et al., 2016; Tomesen, Wouda, 
et al., 2016). Grade- appropriate tests were used, meaning that third- grade students completed an easier 
version of the test than their peers in fourth grade. For all tests, the number of correctly answered ques-
tions was used as an indicator of academic achievement.

The reading comprehension test consisted of 25 multiple choice questions about different types of 
texts (e.g., argumentative or narrative). The test is considered reliable (test– retest reliability = .90) and 
valid (Tomesen, Weekers, et al., 2016). In the mathematics test, children answered 20 questions includ-
ing basic arithmetic operations and textual mathematical problems. Reliability (test– retest reliability 
>.90) and validity of the mathematics test are good (Hop et al., 2016). The spelling test consisted of a 
dictation of 25 words conducted by the teacher. The spelling test is considered reliable (test– retest reli-
ability >.90) and valid (Tomesen, Wouda, et al., 2016b).

Physical competencies

Aerobic fitness
Children's aerobic fitness was measured with the 20- m shuttle run test (SRT) of the Eurofit test battery 
(Van Mechelen et al., 1991). Children run back and forth between two lines that are 20 m apart, within 
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a time interval that become progressively shorter as the test progresses, meaning that children have to 
run faster as they progress. The test ends when a child does not reach a line within the time limit on 
two successive trials, or when a child voluntarily decides to stop. As a score on the test, the number of 
times a child ran back and forth was taken. The SRT is a reliable (r = .89) and valid measure of aerobic 
fitness in children (Leger et al., 1988).

Fundamental motor skills
One subtest of the Bruininks– Oseretsky test for motor proficiency (BOT- II; Bruininks, 1978; Bruininks 
& Bruininks, 2005) and the short version of the Körperkoordinationstest für Kinder (KTK; Kiphard 
& Schilling, 1974; Novak et al., 2017) were used to measure children's fundamental motor skills. Both 
test batteries are reliable (r = .80 for the BOT- II; Deitz et al., 2007; and .97 for the KTK; Kiphard & 
Schilling, 1974) and valid measures of children's motor skills. The original KTK is comprised of four 
subtests, but scores on the shortened version (without the hopping for height subtest) show substantial 
overlap (r = .97), and the shortened version is easier and quicker to conduct in school settings.

Locomotor skills. Children's locomotor skills were assessed with two KTK- subtests: jumping laterally 
and moving sideways. Both tests are considered reliable (α = .95 for jumping laterally and .85 for shifting 
platforms) and valid measures of children's locomotor skills. In the jumping laterally subtests, children 
have to make side to side jumps over a wooden slat, having two attempts of 15 s to make as many jumps 
as possible. A final score is calculated by summing the total number of correctly executed jumps. In 
the shifting platforms test, children stand on a small wooden platform and have to transfer themselves 
through space using a second, similarly shaped platform. They can receive two points for each transfer: 
one for correctly placing the platform and one for transferring the body. Children get two trials of 20 s 
in which they have to make as many transfers as possible. A final score is calculated by summing the 
number of points for the two trials. For analysis, one latent factor is constructed using scores on the 
jumping laterally and moving sideways subtests as indicators.

Balancing. Children's balancing skills are measured with the backwards balancing subtest of the KTK, 
which is a reliable (r = .80) and valid test. Children make as many steps backwards as possible on three 
balancing beams with different widths (6, 4.5 and 3 cm). For each beam, they have three attempts in 
which they can receive a maximum score of eight steps, totalling a maximum of 24 steps per beam, and 
72 in total.

Ball skills. Children's object- control skills were measured using the BOT- II ball skills subtest 
(Bruininks, 1978; Bruininks & Bruininks, 2005), which is a reliable (r = .80) and valid measure (Deitz 
et al., 2007) consisting of seven tasks that have to be executed using a tennis ball, such as aiming at a 
target or catching with one or two hands. For each task, five to seven points can be gained, resulting in 
a total maximum score of 39 points.

Procedure

Children's PE- motivation and intensity of participation were tested during one PE- lesson. Participating 
children wore the accelerometer at their right hip, attached with an elastic belt. Immediately after this 
lesson, the motivation questionnaire was administered in the children's own class by a research assistant. 
The academic achievement and physical competencies tests were taken approximately 1 week before the 
measures of motivation and PA- intensity levels. Academic achievement tests were conducted by trained 
research assistants in the children's own class, on three different days within a time frame of 2 weeks. 
Physical competencies were measured during two or three PE- lessons (depending on class size). During 
the first one or two lessons, children completed the fundamental motor skill tasks in circuit form. 
Approximately 1 week later, the SRT was administrated classically.



    | 9 of  23PE- INTENSITY AND INTRINSIC MOTIVATION

Data analysis

First, initial data analysis (reliability analysis and missing data analysis) was conducted in IBM SPSS 
Statistics, version 27. Data were missing completely at random (.60% of the cells; Little MCAR test: χ2 
[144] = 138.0, p = .63). The default full- information maximum likelihood (FIML) procedure in Mplus 
7.31 (Muthén & Muthén, 1998– 2017) was used for each analysis to handle missing data, by computing 
a likelihood function for each participant based on available data. FIML is a highly recommended ap-
proach for handling missing data (Enders, 2010).

All scores were made grade- appropriate (standardized using the mean and standard deviation of the 
participant's grade), because academic achievement tests were grade- appropriate (grade 3 completed 
easier tests than grade 4). To control for differences between intervention and control conditions in 
mean and variance of PA intensity measures (SED, LPA and MVPA), these were standardized using the 
mean and standard deviation of the condition a child was in.

Next, a multilevel structural equation (SEM) model was built in Mplus (Muthén & Muthén, 1998– 
2017), using maximum likelihood estimation with Robust standard errors (MLR). We took into ac-
count the multilevel structure of the data by clustering at class level. ICCs are presented in Table 1. 
To determine model fit, the Root Mean Square of Approximation (RMSEA), comparative fit index 
(CFI), and Tucker– Lewis index (TLI) were used, with cut- off values of .08, .90 .90 respectively (Hu & 
Bentler, 1998). The conventional chi- square statistic will be reported, but was not used for assessing 
model fit, as the chi- square is sensitive to sample size, model size and distribution of variables (Hu & 
Bentler, 1998).

In this model, latent factors were constructed for motivation (consisting of the 11 questionnaire 
items), and academic achievement (made up of children's scores in reading, mathematics and spell-
ing). PA- intensity level (SED, LPA and MVPA), academic achievement and an interaction term be-
tween the intensity levels and academic achievement were used as predictors of motivation. Gender, a 
second- order latent factor for physical competencies (consisting of the SRT, a latent factor of locomotor 
skills— using scores on the jumping laterally and moving sideways tests as indicators— balancing skills, 
object- control skills and BMI), and socioeconomic status (SES; mean parental education level of both 
parents, ranging from no education (0) to postdoctoral education (7), as measured with a parent ques-
tionnaire; Schaart et al., 2008) were included in the model as covariates, predicting PA intensity levels 
and motivation. Also, SES and gender were used as predictors of academic achievement.

R ESULTS

Descriptive statistics of motivation, academic achievement, SED, LPA and MVPA are presented in 
Table 1. Correlations between variables included in the models are presented in Table 2.

T A B L E  1  Mean scores, SD and range of motivation, academic achievement and PA- level

N Mean (SD) Min.– Max. ICC

Motivation 795 4.27 (.57) 1.33– 5.0 .029

Academic achievement

Reading, n correct 852 18.27 (4.78) 3– 25 .174

Mathematics, n correct 878 14.43 (4.30) 0– 20 .071

Spelling, n correct 870 18.20 (5.31) 1– 25 .127

PA- level

SED, percentage 727 47.8 (14.7) 14.0– 96.0 .629

LPA, percentage 727 21.3 (6.0) 2– 39.5 .411

MVPA, percentage 709 31.0 (11.8) 0– 68 .662
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Main analysis

The correlations between the included latent factors showed that there was a correlation of .89 between 
SED and MVPA, indicating that there may be a threat of multicollinearity. Multicollinearity refers to a 
high correlation (r > .85; Kline, 2005) between two or more independent variables in a multiple regres-
sion equation, which is considered problematic because it increases standard errors, thereby undermin-
ing the significance of predictor variables (Allen, 1997). The high correlation suggests that the measures 
of SED and MVPA provide similar information, only for the different ends of the intensity spectrum. 
Therefore, we decided to include only the measure of MVPA. To check whether results for SED were 
similar to those of MVPA (only in the opposite direction— i.e., negative instead of positive relations), we 
also ran a model using only SED as predictor of PE- motivation. Results of this analysis are presented 
in Appendix A and indicate that indeed results found for MVPA are similar to those for SED, only in 
the opposite direction.

A model in which PA- intensity level (LPA and MVPA), academic achievement and the interaction 
between PA- intensity level and academic achievement were added as predictors of PE- motivation, 
controlling for gender, SES and physical competencies, proved to fit the data well (χ2 [10] = 6.71, 
p = .75, RMSEA = .00, CFI = 1.00, TLI = 1.00). Significant relations in this model are presented 
in Figure 1. The full model, also including non- significant relations, is presented in Appendix B. 
In the model, LPA (β = .10 [.04], p = .006, 95% CI = .03 to .18) and MVPA (β = .16 [.04], p < .001, 
95% CI = .08 to .24) were significant positive predictors of PE- motivation. Children who spent a 
higher percentage of the PE- lesson in LPA or MVPA were also more motivated for PE after the 
lesson was finished. In addition, academic achievement was a significant predictor of PE- motivation 
(β = .10 [.04], p = .01, 95% CI = .02 to .18), indicating that children who performed better academ-
ically were also more motivated for PE. Neither the interaction between academic achievement and 
LPA (β = −.03 [.04], p = .52, 95% CI = −.10 to .05), nor between academic achievement and MVPA 
(β = .03 [.04], p = .44, 95% CI = −.05 to .11) were significant predictors of PE- motivation. The 
relation between PA- intensity and PE- motivation thus was not dependent on children's academic 
achievement.

DISCUSSION

This study had two aims: examining whether PA- intensity levels were predictive of motivation dur-
ing PE, and whether the relation between PA- levels and motivation depended on children's academic 
achievement level. Extending previous studies, we not only used MVPA as measure of PA- intensity, but 
also included LPA and SED. Adding to results of previous studies in which PE- motivation was found 
to be a predictor of PA- intensity levels (Boiché et al., 2020; Johnson et al., 2017; Owen et al., 2013), and 
in line with recent arguments of a bidirectional relation between academic achievement and motivation 
(Vu et al., 2021), we found that participation in MVPA and LPA was positively related to PE- motivation. 
Although SED is considered an independent health risk, being related to negative outcomes for chil-
dren's behaviour and health (Rodriguez- Ayllon et al., 2019; Wu et al., 2017), MVPA and SED were 
highly correlated in our study, indicating that they were related to motivation in a similar way. Therefore, 
we decided to only include LPA and MVPA in our model. Academic achievement was positively related 
to PE- motivation, but did not affect the relation between PA- intensity levels and motivation. It thus 
seems important that all children engage in LPA or MVPA during PE, independent of their academic 
achievement level. Our results are in line with recent arguments on a cycle of mutually reinforcing rela-
tions in which behaviour and motivation are bidirectionally related (Vu et al., 2021), suggesting that PA- 
levels during PE, in the short term, can facilitate children's PE- motivation, which in turn is considered 
an important predictor of PA- behaviour during PE and PA- behaviour in general (e.g., Cox et al., 2008; 
Standage et al., 2003). Longitudinal research examining the relations between motivation and behav-
iour over time is needed to get further insight into these bidirectional relations.
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Motivation and PA- intensity levels

In line with our expectations, LPA and MVPA were both positively related to PE- motivation. Our 
findings extend results of previous studies in which PE- motivation was found to be a predictor of PA- 
behaviour (e.g., Boiché et al., 2020; Johnson et al., 2017; Owen et al., 2013), underlining that this rela-
tion also works the other way around. This finding supports recent studies in other academic domains, 
arguing that academic achievement and behaviours precede motivation (see Vu et al., 2021). Our study 
is the, to our knowledge, first study to examine whether PE- behaviour is predictive of PE- motivation. 
Given the cross- sectional nature of our data, we are not able to make statements on the causality of 
the relations between PE- motivation and PA- behaviour. Further research is needed to explore the full 
motivation- behaviour cycle, preferably using longitudinal or experimental designs in order to examine 
cross- lagged and auto- regressive paths between the two constructs. Our results in combination with 
previous findings suggest that there might be a continuous cycle in which PA- behaviour predicts PE- 
motivation, which in turn predicts PA- behaviour.

In addition, our study adds to the knowledge base by examining not only MVPA as measure of PA- 
behaviour, but also LPA. The significant relation of LPA with motivation is contradictory to results of 
a previous study in which no relations between motivation and LPA were found (Boiché et al., 2020). 
Besides the fact that we examined this relation in the opposite direction, this contradiction can pos-
sibly also be explained by the way motivation was operationalized in this earlier study. In their study, 
Boiché et al. (2020) used two different measures of intrinsic motivation: towards accomplishment 
and towards stimulation. Overall measures of intrinsic motivation, such as the one used in the pres-
ent study, are thought to better capture motivated behaviours than measures of specific sub- aspects 

F I G U R E  1  SEM- model presenting significant paths between independent and dependent variables. Standardized path 
coefficients (betas) are presented in the figure. BMI, body mass index; LPA, light physical activity; MVPA, moderate- to- 
vigorous physical activity; AA, academic achievement
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of motivation, thereby showing stronger relations with antecedents and consequences of behaviour 
(Howard et al., 2020).

The results of our study underline the importance of not only using MVPA as a measure of PA- 
intensity, but also LPA. Previous studies mainly focused on relations of motivation with MVPA, de-
spite the fact that children spend most of their day in SED or LPA (Van Stralen et al., 2014; Verloigne 
et al., 2012), and despite the commonness of SED and LPA in PE (e.g., Boiché et al., 2020; Fairclough 
& Stratton, 2006; Fröberg et al., 2017; Slingerland et al., 2011). Our results on the relation between LPA 
and motivation are promising, since beneficial effects of LPA on children's health have been reported 
(Kwon et al., 2011; Poitras et al., 2016). Although the ultimate goal should be that children meet the 
PA guidelines of 60 min of MVPA each day, shifting them along the activity spectrum from SED to 
LPA might be a good start in reaching that goal (Hamilton et al., 2004; Tremblay et al., 2007). Given 
the large gap between SED and MVPA, it may not be feasible to immediately replace SED with MVPA 
(Van Stralen et al., 2014; Verloigne et al., 2012). Results of our study suggest that providing children 
with opportunities to engage in LPA and supporting their engagement in LPA might support their PE- 
motivation. In the long term, this may be beneficial for children's general motivation for PA as well, 
which is an important determinant for building a lifelong physically active lifestyle. Although SED has 
been seen as an independent health risk, in our study, it seemed to measure the opposite end of the spec-
trum from MVPA, thereby not providing information up and beyond what we learned from results on 
MVPA. This high correlation is likely because of the fact that we measured PA during one PE- lesson, 
instead of general PA (both school- based and leisure time) over a longer period of time.

It should be noted that the IMI that we used to assess children's motivation consisted of the sub-
scales interest, value, competence and effort; of which only the first two are considered true measures 
of intrinsic motivation, whereas the latter two are seen as antecedents and consequences of motivation 
(Clancy et al., 2017). It can thus be questioned whether our results are based on a representative mea-
sure of intrinsic motivation, or whether they are driven by the effects of motivational consequences/
antecedents. In further analyses, we found that the results on relations between PE- motivation and 
PE- behaviour did not change when including only the interest and value subscales (see Appendix C). 
Still, we decided to keep results of the four- subscale questionnaire, because of its previously reported 
reliability and validity, and as the two- subscale questionnaire had inadequate reliability in our study (i.e., 
α = .63).

Academic achievement

By including children's academic achievement level, we aimed to gain insight into the factors related 
to children's different experiences during PE (Fairclough & Stratton, 2006; Hollis et al., 2016; Sallis & 
Saelens, 2000). We hypothesized that there would be an interaction between academic achievement and 
PA- intensity levels in predicting children's PE- motivation, since children with higher academic achieve-
ment where thought to be able to participate in PE at higher intensity levels because of their better 
developed physical capacities, and their higher cognitive capacity to deal with the cognitive demands of 
PE. Our results do not provide evidence for these ideas however. Although both PA- intensity level and 
academic achievement were predictive of children's PE- motivation, no interaction between academic 
achievement and PA- intensity was found. Independent of academic achievement, children who spent 
more time in LPA or MVPA were more motivated for PE. This is an encouraging result, as it suggests 
that lower- achieving children do not necessarily participate differently in PE, meaning they can profit 
from the positive experiences in a similar way as their higher- achieving peers.

As our expectations regarding academic achievement were based on two hypotheses (i.e., lower 
physical competencies and/or lower cognitive capacities), there are several reasons for our unexpected 
results. Firstly, in our hypothesis we referred to cognitive capacities needed to perform at higher inten-
sity levels, for which we used academic achievement as a proxy. Yet, it might be that academic achieve-
ment is not a good proxy of cognitive capacity. For future studies, it might be worthwhile to include 
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other measures of cognitive capacities as well, by measuring for example IQ, metacognition or executive 
functioning. Also, we expected that lower academic achievement would be reflected in lower physical 
competencies, thereby explaining why lower academic achievers would participate at lower intensity lev-
els, while not necessarily being less motivated. Although physical competencies and academic achieve-
ment were related in our study, this relation was only small (.18), indicating that other variables might be 
involved. Physical competencies in itself were related to PA- levels in an expected way: More physically, 
competent children engaged more in MVPA, and less in LPA than their less competent peers. Physical 
competencies are argued to be positively linked to both PA- levels (Fairclough & Stratton, 2006) and 
PE- motivation (Ericsson, 2011), suggesting that physical competencies might be a more important fac-
tor to take into account than academic achievement when examining relations among PA- levels and 
PE- motivation.

Secondly, we hypothesized that lower academic achievers would experience a higher cognitive load 
when participating in PE- activities because of the cognitive demands inherent in physical activities, 
making it more difficult for them to participate at higher intensity levels than for their higher- achieving 
peers. Our results do not confirm this idea, as academic achievement was not related to PA- intensity 
levels. Possibly, the physical exercises offered during the PE- lessons that were examined in our study did 
not exceed the cognitive capacities of children with lower academic achievement, meaning that children 
did not experience a cognitive overload, leaving room for them to participate at higher intensity levels. 
Relatedly, teachers might have adjusted exercises to the physical and/or cognitive competency levels of 
individual children. This way, children might have experienced similar cognitive demands independent 
of their academic achievement level. For future studies, it would be interesting to examine the type of 
activities offered to children during PE more closely. This possibly provides more insight into whether 
and how the physical and cognitive demands of the PE- activities children are exposed to relate to their 
PA- related behaviour and motivation.

Although no interaction among academic achievement and PA- intensity levels was found in pre-
dicting motivation, academic achievement in itself was positively related to PE- motivation, indicating 
that higher academic achievers were more motivated for PE. The positive relation between academic 
achievement and academic motivation is generally acknowledged (Eccles & Wigfield, 2002; see Vu 
et al., 2021). Although some have found this relation to be domain- specific, meaning that the relation 
between motivation and academic achievement was strongest when examining motivation for and per-
formance in specific school domains (e.g., language, mathematics; Guay & Bureau, 2018); this seems to 
be especially true for older students. In primary school, motivation seems to be highly domain- general 
(Hornstra et al., 2016), and higher achievers are more motivated for school in general (e.g., Lepper 
et al., 2005). Average academic achievement is therefore likely to be predictive of motivation in specific 
academic domains (e.g., PE in our study) as well. Still, the relation between academic achievement and 
PE- motivation was only small in our study, and may have been stronger when academic achievement 
would have been examined specifically for PE. For further research, it would be interesting to add 
PE- achievement to the model. Adding to research in academic domains (Vu et al., 2021), this would 
give more insight into the way in which PA- behaviour in PE, PE- motivation and PE- achievement are 
(bidirectionally) related.

Moreover, our results suggest that other individual characteristics such as gender, SES and physical 
competencies play a more important role in predicting children's PE- motivation than academic achieve-
ment. In order to reach optimal motivation in all children, it thus seems necessary that individual differ-
ences between children are considered when designing PE- lessons and choosing PE- activities, so that 
psychological needs of all children can be satisfied (following SDT; Ryan & Deci, 2000; Van den Berghe 
et al., 2014). For example, by offering activities at different difficulty levels, it can be ensured that the 
need for competence is satisfied, also for children with lower physical competencies, this way fostering 
PE- motivation (Almolda- Tomás et al., 2014; see Vasconcellos et al., 2019). More research is needed to 
better understand how physical competencies are related to PE- motivation and PA- behaviour in chil-
dren, thereby providing indications on whether and how children with low or high physical capacities 
should be treated differently in order to optimally facilitate their PA- behaviour and PE- motivation.
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Strengths and limitations

A strength of this study includes the large sample size, presenting a good representation of children's 
motivation and PA- levels during Dutch PE- lessons in primary school; and enabling us to construct a 
well- fitting SEM- model, resulting in reliable estimations of the relations between the constructs that 
we examined, while simultaneously accounting for the multilevel structure of the data and adequately 
handling missing data. Furthermore, by using accelerometers to measure children's PA- intensity levels, 
we overcame the limitations inherent to more subjective measures of PA- behaviour that have been used 
in most previous studies.

The first limitation of this study is that we used data of an intervention study in which two differ-
ent PA interventions during PE were compared with regular PE- lessons. Consequently, the content of 
the lessons that were offered differed depending on the condition children were in. Although we took 
these differences into account by standardizing intensity measures based on the condition a child was 
in, it would be worthwhile for future studies to examine whether and how the type of activities offered 
during PE might play a role in explaining the intensity levels with which children participate, their mo-
tivation during the lesson, and the relation between these two constructs.

Secondly, we measured children's PA- intensity levels during the entire PE- lesson, whereas it has 
been shown that individual PA- related behaviour is not well captured when looking at an entire lesson, 
but can best be examined during periods in which children have the opportunity to be physically ac-
tive (active- only periods; Boiché et al., 2020). Yet, we believe that our results still provide an accurate 
representation of children's PA- behaviour during PE, as our results are largely in line with those found 
during active periods only by Boiché et al. (2020). Also, by examining the entire lesson, we aim to pro-
vide a representative picture of typical PE- lessons, in which time for instruction and management are 
inevitable.

It should be noted that in practice, motivation and PA- intensity levels are not necessarily two sides 
of the same coin (Aelterman et al., 2012). That is, children can participate at high- intensity levels while 
not being engaged with the lesson itself, for example being inattentive or showing disruptive behaviour, 
whereas engagement can also be reflected in other behaviours, such as being on time and helping the 
teacher (Bailey et al., 2009). For future studies, it would be interesting to include other measures of 
motivation and engagement as well, for example by measuring time on- task (see Van der Mars, 2005), to 
get more insight into the way motivation is reflected in children's behaviour during PE.

CONCLUSION

This study shows that children who engage more in LPA and MVPA during a PE- lesson are more 
motivated for PE. Adding to previous findings, our results suggest that PA- behaviour and PE- 
motivation might be related in a bidirectional way. Longitudinal and experimental studies are needed 
to better understand this motivation- behaviour cycle. Although previous studies have mainly fo-
cused on MVPA as measure of PA- intensity, our results suggest that helping children in shifting 
along the activity spectrum from SED to LPA might be a more feasible strategy to help them reach 
the PA- guidelines than trying to immediately substitute a lot of SED time with MVPA. Given the 
positive relation between PE- motivation and both LPA and MVPA, our results suggest that a focus 
on LPA instead of MVPA can still be beneficial for children's PE- motivation. Although higher 
academic achievers are on average more motivated for PE, children's academic achievement does 
not seem to play a role in the relation between PA- intensity levels and PE- motivation, meaning that 
facilitating LPA and MVPA is a feasible strategy for all children, independent of their academic 
achievement level. Unfortunately, children's PE- motivation levels seem to decline between the ages 
8 and 12 (Chanal et al., 2019). Our results suggest that the intensity with which children participate 
in PE may be an important factor to take into account when considering this decline. By offering 
a variety of fun activities during which PA- behaviour is facilitated and during which children can 
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participate at their own level, children can have more positive experiences and might be more mo-
tivated for PE. As motivation during PE is an important predictor of a lifelong physically active 
lifestyle as well, it seems even more important to ensure that all children experience PE as a fun and 
stimulating environment.
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A .1  | A NA LYSIS FOR SED
A model with SED, academic achievement and the interaction between SED and academic achievement 
as predictors of PE- motivation, controlling for gender, SES and physical competencies fitted the data 
well (χ2 (4) = 1.04, p = .90, RMSEA = .00, CFI = 1.00, TLI = 1.00). The percentage of time in the PE- 
lesson in SED was a significant predictor of PE- motivation (β = −.21 [.05], p < .001, 95% CI = −.29 to 
−.12). In addition, academic achievement was a significant predictor of PE- motivation (β = .09 [.04], 
p = .03, 95% CI = .01 to .17). The interaction between academic achievement and SED was not a signifi-
cant predictor of PE- motivation (β = −.01 [.03], p = .77, 95% CI = −.06 to .04). This model is presented 
in Figure A1 below.

F I G U R E  A 1  SEM- model presenting the relations of SED, academic achievement and the interaction between SED and 
academic achievement as predictors of PE- motivation, controlling for gender, SES and physical competencies. Standardized 
path coefficients (betas) are presented in the figure. Dashed lines indicate non- significant relations. BMI, body mass index; 
SED, sedentary; AA, academic achievement
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A PPEN DI X B

Full SEM- model presenting all included paths between independent and dependent variables. Dashed 
lines are shown for insignificant relations. Standardized path coefficients (betas) are presented. Note: 
BMI, body mass index; LPA, light physical activity; MVPA, moderate- to- vigorous physical activity; AA, 
academic achievement.
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C .1 | A NA LYSIS USI NG ONLY THE I NT ER EST A N D VA LUE 
SUBSC A L ES A S M E A SUR E OF MOTI VATION
Figure C1 below presents results of a model in which only the interest (three items) and value (two items) 
subscales were included as measure of motivation. This model, with LPA, MVPA, academic achieve-
ment, and the interactions between LPA and academic achievement and MVPA and academic achieve-
ment as predictors of PE- motivation, controlling for gender, SES and physical competencies fitted the 
data well (χ2 (8) = .75, p = .75, RMSEA = .00, CFI = 1.00, TLI = 1.07).

F I G U R E  C 1  SEM- model presenting the relations of LPA, MVPA, academic achievement and the interaction between 
LPA/MVPA and academic achievement as predictors of PE- motivation— As indicated by interest and value subscales, 
controlling for gender, SES and physical competencies. Standardized path coefficients (betas) are presented in the figure. 
Dashed lines indicate non- significant relations. BMI, body mass index; LPA, light physical activity; MVPA, moderate- to- 
vigorous physical activity; AA, academic achievement
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