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CHAPTER 7

7.1 MAIN AIM OF THE DISSERTATION

The main aim of this dissertation was to examine the effects of two types of 
physical activity, aerobic physical activity and cognitively-engaging physical 
activity, on primary school children’s academic achievement and brain activation. 
As a first step, the relations among physical, cognitive, and academic skills were 
explored, as well as the relations between physical skills and brain activation. 
These studies focused on: 1) the mediating role of executive functioning in 
the relation between physical fitness and low academic achievement; 2) 
the differential relations of aerobic fitness and motor skills with academic 
achievement in reading, mathematics, and spelling; and 3) the relations of 
aerobic fitness and motor skills with brain activation. Results of these studies 
were used to formulate hypotheses for the second part of the dissertation, in 
which the effects of an aerobic physical activity intervention and a cognitively-
engaging physical activity intervention on academic achievement and brain 
activation were examined. 

7.2 SUMMARY OF THE MAIN FINDINGS

Chapter 2 showed that physical fitness and executive functions were not 
independent predictors of low academic achievement, but that executive 
functions significantly mediated the relation between physical fitness and low 
mathematics and spelling achievement. This mediating relation was found to 
be specific for the two academic domains examined. In mathematics, verbal 
working memory and visuospatial working memory mediated the relation 
between physical fitness and academic achievement, whereas in spelling only 
verbal working memory was a significant mediator.

In Chapter 3, the specific relations of aerobic fitness and motor skills with 
academic achievement in the domains of reading, mathematics, and spelling 
were examined. Motor skills were found to be a significant predictor of overall 
academic achievement, whereas aerobic fitness was not. However, when 
academic achievement was separated into reading, mathematics and spelling, 
the relations of aerobic fitness and motor skills were found to be specific for the 
distinct domains. Motor skills significantly predicted mathematics and spelling 
achievement, whereas aerobic fitness was a predictor of mathematics and 
reading achievement.
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Chapter 4 describes children’s brain activation pattern during a visuospatial 
working memory task (measured with functional MRI), and its relations with 
aerobic fitness and motor skills. Performance on a visuospatial working memory 
task was associated with increases in brain activation in the angular gyrus (right 
hemisphere) and superior parietal cortex (bilateral), coupled with deactivation 
in the inferior and middle temporal gyrus (bilateral). This task-activation pattern 
largely coincides with results of previous studies. Surprisingly, aerobic fitness 
and motor skills were not predictive of working memory related brain activation.

The effects of two physical activity interventions on academic achievement 
are described in Chapter 5. One intervention focused on aerobic physical 
activity, aiming to improve aerobic fitness via exercises at a moderate-to-
vigorous intensity level, the other on cognitively-engaging physical activity, 
challenging both motor skills and cognition via games and exercises with 
complex rules or movements. The interventions did not have significant effects 
on academic achievement in reading, mathematics, or spelling. The volume of 
moderate-to-vigorous physical activity (MPVA) was found to be important, as 
a higher volume of MVPA resulted in better mathematics achievement at the 
posttest for both intervention groups, and better posttest spelling achievement 
for the cognitively-engaging intervention group specifically. In addition, pretest 
achievement was taken into account in examining the intervention effects, 
showing that lower-achieving children in reading benefited more from the 
cognitively-engaging intervention, with higher posttest reading achievement 
compared to lower-achievers in the control group. 

In Chapter 6, the effects of the two physical activity interventions on brain 
activation during a visuospatial working memory task are presented. The 
interventions did not result in significant changes in overall brain activation. 
However, there were indications of differences in brain activation patterns 
– mainly in frontal, occipital, and parietal regions - that were obtained when 
comparing the intervention groups to the control group, suggesting that 
the interventions did have an effect on task-related brain activation. Further, 
intervention-specific differences were found when comparing the two 
intervention groups. The results were instable however, because of large inter-
individual variability in intervention effects. Although we have to be cautious 
with drawing strong conclusions based on these results, they do provide 
suggestions of brain areas that are susceptible to change as a result of physical 
activity interventions. We tentatively conclude that physical activity interventions 
have an effect on children’s brain activation, with different effects depending 
on the type of activity used. 

7
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7.3 GENERAL DISCUSSION

7.3.1 RELATIONS BETWEEN PHYSICAL, COGNITIVE, AND ACADEMIC 
SKILLS
This dissertation confirms the previously found relations between the physical, 
cognitive, and academic domain (de Greeff et al., 2018a; Santana et al., 2016). Both 
(aerobic) physical fitness (Chapters 2 and 3) and motor skills (Chapter 3) were found 
to be predictive of academic achievement. Moreover, results of this dissertation 
provide a better insight into these relations by showing that they are specific, 
meaning that different relations were found for the distinct academic domains. 
In Chapter 2, specific mediating relations of the distinct executive functions in the 
relation between physical fitness and academic achievement were found for the 
domain of mathematics, compared to the domain of spelling. In line with this, in 
Chapter 3 it was shown that the relations of aerobic fitness and motor skills with 
academic achievement differed depending on the academic domain involved. 

The results presented in Chapter 2, where executive functions were found to 
be mediators in the relation between the physical and the academic domains, can 
provide an explanation for the specific relations between aerobic fitness, motor 
skills, and academic achievement in reading, mathematics, and spelling that are 
presented in Chapter 3. The executive functions needed for good performance 
in one academic domain (e.g. mathematics), differ from those needed in another 
domain (e.g. reading or spelling; Lubin, Regrin, Boulc’h, Pacton, & Lanoë, 2016). 
It can consequently be hypothesized that the link between aerobic fitness and 
reading needs to be explained by a closer relation between aerobic fitness and 
the executive functions needed for reading, whereas motor skills are probably 
more closely related to the executive functions needed in spelling. This hypothesis 
has not been examined, but results of previous studies suggest that physical 
fitness and motor skills are differently related to the different aspects of executive 
functioning (Marchetti et al., 2015; Niederer et al., 2011; also see Haapala, 
2013), providing some support for this idea. Further examination of whether 
the different relations between physical fitness and motor skills with aspects of 
executive functioning can explain the specific relations between fitness, motor 
skills and academic achievement in the distinct domains is important for future 
research. A full mediation model including physical, cognitive, and academic 
measures could be used to examine this hypothesis. In addition to providing 
insight into the exact relations between physical, cognitive, and academic skills, 
this model will provide important suggestions for how improvements in fitness/
motor skills can be beneficial for academic achievement, and how different types 
of physical activity can be helpful in that sense.
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7.3.2 MECHANISMS UNDERLYING EFFECTS OF PHYSICAL ACTIVITY ON 
ACADEMIC ACHIEVEMENT
Following the hypothesis presented above, it was expected that effects of 
physical activity on academic achievement would depend on the type of 
physical activity involved. Therefore, the second aim of this dissertation was 
to examine the effects of two different types of physical activity interventions 
on academic achievement. The interventions were developed based on the 
two neurobiological mechanisms that have been brought forth to explain 
effects of physical activity on cognition and academic achievement. The first 
of these are physiological mechanisms, which state that aerobic physical activity 
results in changes in brain structure and functioning as a result of physiological 
changes in the brain (Alvarez-Bueno et al., 2017; Best, 2010; Donnelly et al., 2016).  
The second is a cognitive stimulation mechanism, in which it is argued that 
cognitively-engaging physical activity activates the same brain areas as those 
used during cognitive and academic tasks, thereby improving the efficiency with 
which these regions work (Crova et al., 2014; Pesce, 2012). As both mechanisms 
refer to underlying changes in the brain, the effects of the two interventions 
on brain activation were examined as well. By comparing the effects of two 
interventions on academic achievement and brain activation, the aim was to get 
a better understanding of how physical activity affects academic achievement.

In contrast to what was expected, the interventions did not improve 
children’s achievement in reading, mathematics, or spelling, nor did they 
result in significant changes in brain activation. Some support was provided 
for the physiological and developmental mechanisms, as a higher volume of 
MVPA was found to bring about positive effects on academic achievement. It 
thus seems important to expose children to a high enough volume of MVPA in 
order to result in improved academic achievement. Especially in the cognitively-
engaging intervention, the intensity of physical activity proved to be important, 
as children who were exposed to a higher volume of MVPA performed better 
in mathematics and spelling at the posttest. For the aerobic intervention, this 
improvement in performance for children who participated at a higher volume 
of MVPA was only found for mathematics. Based on this finding, it can be 
hypothesized that the two mechanisms by themselves, thus a focus on either 
intensity (aerobic) or type (cognitively-engaging) of physical activity, were not 
strong enough to bring about improved academic achievement. Probably, both 
the quantitative and qualitative aspects of physical activity are important to 
take into account when trying to improve academic achievement via physical 
activity. In line with this argumentation, a study by Schmidt and colleagues (2015) 

7
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reported the strongest effects on cognition for aerobic physical activity that also 
contained cognitively-engaging exercises. Further examination of the effects of 
this type of physical activity on academic achievement thus seems promising. 

Although the aim of the project was to tear apart the effects of different types 
of physical activity by implementing two different physical activity interventions, 
it should be noted that the interventions were not purely aerobic or purely 
cognitively-engaging. That is, the aerobic intervention also included cognitively-
engaging aspects, for example when children had to work in teams, or when they 
engaged in dancing activities. Likewise, the cognitively-engaging intervention 
included aerobic aspects such as running and jumping. In practice, most types 
of physical activity include both aerobic and cognitively-engaging aspects, 
however, making it difficult to isolate the two (Schmidt, Jäger, Egger, Roebers, & 
Conzelmann, 2015). This underlines the importance of further examining physical 
activity that combines cognitive engagement with aerobic activities.

The non-significant intervention effects are contrasting positive results of 
studies that have examined effects of physically active learning on academic 
achievement, that is: being physically active while solving academic tasks (e.g.; 
Mullender-Wijnsma et al., 2016). Although these studies also examine effects 
of physical activity on academic achievement, they differ in the way they aim to 
bring about these effects, by integrating physical activity and learning instead 
of focusing on physical activity in itself. Further, they partly rely on a different 
theoretical framework, namely embodied cognition (Kontra, Goldin-Meadow, & 
Beilock, 2012). These differences provide an explanation for why positive effects 
of this type of interventions are found, whereas our interventions did not bring 
about significant changes in academic achievement. 

7.3.3 EXPLORING THE EFFECTS OF PHYSICAL ACTIVITY ON THE BRAIN
In addition, by examining effects of physical activity on brain activation we aimed 
to reveal mechanisms underlying the effects of physical activity on academic 
achievement. However, this proved to be difficult, since no significant effects on 
academic achievement were found. Still, it is known from previous research that 
changes in the brain can precede behavioral effects (e.g. Ross & Tremblay, 2009; 
Tremblay, Kraus, & McGee, 1998). The non-existent behavioral effects on academic 
achievement did thus not necessarily rule out neuronal effects on brain activation. 

Unfortunately, in line with the non-significant intervention effects on academic 
achievement, the interventions did not have significant effects on brain activation 
during a visuospatial working memory task. On the one hand, this seems to 
implicate that physical activity does not bring about changes in brain activation, 
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meaning that the neurobiological framework as presented here might not be 
suitable to explain how physical activity affects academic achievement. On the 
other hand, an explanation for these non-significant effects can be found in the 
task that was used during brain imaging. No significant relations between physical 
fitness, motor skills, and task-related brain activation were found in Chapter 4, 
and characteristics such as age and gender were not related to brain activation 
patterns. This is a very surprising finding, as there are strong reasons to believe 
that such background characteristics are associated with visuospatial working 
memory related brain activation (e.g. Barriga-Paulino, Benjumea, Rodríguez-
Martínez, & González, 2015; Schweinsburg, Nagel, & Tapert, 2005; Thomason 
et al., 2009; Zilles et al., 2016). Based on these results, it can be questioned 
whether the visuospatial working memory task that we used was sensitive 
enough to pick up intervention effects on brain activation. Before arguing that 
the neurobiological framework needs to be discarded as an explanation of 
the link between physical activity and academic achievement, it thus seems 
important for future research to also implement other methods to assess effects 
of physical activity on brain activation. This conclusion is substantiated by the 
fact that we found some indications of changes in brain activation patterns when 
comparing the three groups. Although we have to be cautious with drawing firm 
conclusions from these results, because of their instability, they suggest that 
the neurobiological framework should not immediately be discarded in future 
studies. Although the evidence provided here is not overwhelming, it seems that 
physical activity can have effects on children’s brain activation, with different 
effects depending on the type of activity used. 

7.3.4 INTRA-INDIVIDUAL VARIATION IN INTERVENTION EFFECTS
Interestingly, there seemed to be large variation between children in the 
intervention groups in posttest academic achievement and brain activation, 
suggesting that the intervention effects were different for individual children. 
One factor that seemed to influence intervention effectiveness was initial level 
of academic achievement. Lower-achieving children in reading at baseline 
performed better in reading after the cognitively-engaging intervention 
compared to children in the control group. It was already expected that lower-
achieving children would benefit more from the interventions, because they have 
most room for improvement (Diamond, 2012; Diamond & Lee, 2011; Diamond & 
Ling, 2016). Following this line of reasoning, a similar effect could be expected 
for low achievers in mathematics and spelling however. It is therefore surprising 
that this effect was only found for lower-achieving children in reading. Possibly, 

7
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it is not per se that lower achievers have more room for improvement, but rather 
that they benefit from physical activity in a different manner (Diamond & Lee, 
2011). As was shown in Chapter 2, physical fitness was related to low academic 
achievement via different executive functions, depending on the domain of low 
performance. Although the relations were not compared for lower-achieving and 
higher-achieving children, it can be hypothesized that these relations differ for 
the two groups, thereby possibly also explaining why lower-achieving children 
benefit from physical activity interventions in a different manner. For future 
work, it would be interesting to examine whether cognitive functions such as 
executive functioning are differently targeted by physical activity interventions 
in lower-achieving compared to higher-achieving children, and whether that can 
explain the differential effects on academic achievement.

In previous research it has been argued that the way in which physical 
activity affects cognition and academic achievement is not only influenced by 
characteristics of physical activity, such as intensity, duration, or type, but also 
by characteristics of the individual involved (Pesce, 2012). This makes it likely 
that other factors than initial achievement are related to the large variation 
in intervention effects that was found here. Factors that are mentioned as 
moderators in the relation between physical activity and cognitive and academic 
performance are physical fitness level, health status (being overweight), 
psychosocial factors (Pesce, 2012), as well as gender, age, socioeconomic 
status, and cultural background (Tomporowski, Lambourne, & Okumura, 2011). 
Children might therefore respond differently to physical activity interventions, 
depending on their individual characteristics. This suggests that physical activity 
interventions should be individualized, by adapting the physical activity program 
to characteristics of the child (Gearin & Fien, 2016). Following Vygotsky’s 
idea on the zone of proximal development (Vygotsky, 1978), physical activity 
interventions are possibly most effective when the games and exercises involved 
are offered at a level that is challenging children’s cognitive and physical skills, 
but still doable under guidance of, or in collaboration with others. This implies 
that interventions should not be offered in the same way to an entire class, but 
rather in different forms to smaller groups of children with a similar skill level. 
Although this kind of differentiation is common good in academic classes, it 
is less often implemented in physical education. Physical education teachers 
indicate that they find differentiation important, but that they do not explicitly 
apply differentiation in their lessons, partly because they do not always know 
what works for which child (Spithoff, Naayer, Hartman, & Timmermans, 2017). 
More research into the individualized effects of physical activity therefore seems 
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vital, as this will greatly increase our knowledge of what works for whom. This 
research might also give more insight into the mechanisms underlying effects of 
physical activity on academic achievement, thereby possibly also explaining why 
we did not find overall effects on academic achievement and brain activation.

7.3.5 EXAMINATION OF ADDITIONAL MECHANISMS 
Although there is a strong rationale for examining changes in brain structure and 
functioning when trying to explain the effects of physical activity on academic 
achievement (see Donnelly et al., 2016), it can be questioned whether effects 
of physical activity on academic achievement can solely be explained by such a 
neurobiological framework. The inconclusive results of our study regarding the 
validity of the neurobiological framework suggest that it is important to also start 
exploring additional mechanisms that can explain the effects of physical activity 
on academic achievement. In line with this, more and more researchers underline 
the importance of taking into account different perspectives when trying to 
explain effects of physical activity on academic achievement (Bailey, 2016). 

In explaining the effects of cognitively-engaging physical activity, a different 
mechanism already needs to be taking into account. It is expected that this type 
of physical activity not only results in neurobiological changes in the brain, but 
also in psychological changes via social interactions (Crova et al., 2014). This is an 
example of a psychosocial mechanism, in which it is hypothesized that physical 
activity affects academic achievement via psychosocial factors (Bailey, 2016; 
Lubans et al., 2016). In line with this mechanism, participation in physical activity 
results in amongst others higher levels of self-esteem, reduced anxiety (Biddle 
& Asare, 2011), and higher school engagement (Owen et al., 2016), which are 
consequently expected to be beneficial for children’s academic achievement 
as well (Bailey, 2016; Lubans et al., 2016). Although the effects of cognitively-
engaging physical activity on academic achievement were examined in this 
project, these mechanisms were not taken into account, as the focus was on 
explaining effects via neurobiological changes in the brain. Yet, especially in 
the scholastic setting, the psychosocial mechanisms can be expected to play 
a role, because it is one of the goals of education to contribute to children’s 
psychosocial development by fulfilling their psychological and social needs. 

Another mechanism that has been largely neglected in this domain of 
research is a behavioral mechanism, which hypothesizes that physical activity 
brings about positive effects on behaviors that are associated with mental and 
cognitive outcomes (Lubans et al., 2016). Increases in physical activity behavior 
are expected to result in amongst others higher sleep quality, and improved 

7
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self-regulation and coping skills, which are consequently important predictors 
of academic achievement as well (Bailey, 2016; Lubans et al., 2016). For future 
research, it seems of vital importance to start examining these alternative 
hypotheses, besides the neurobiological framework, as they will help increasing 
our understanding of how physical activity can improve academic achievement. 

7.3.6 PRACTICAL IMPLICATIONS
The findings from this project prove that spending more time on primary school 
physical education can result in improved academic achievement, depending 
on the type and amount of physical activity provided, and taking into account 
individual differences. In that sense, not the type or amount of physical activity 
per se, but rather a combination of the two seems to be important. The results 
of this dissertation suggest that the most beneficial effects are reached when 
children are engaged in cognitively-engaging physical activities at a moderate-
to-vigorous intensity level. Further, lower-achieving children in reading seem to 
benefit from cognitively-engaging physical activity to a larger extent. 

The results of this dissertation further suggest that the effects of physical 
activity interventions are different for individual children. One factor that was 
found to influence intervention effectiveness was children’s initial achievement 
level. For educational practice, these results suggest that it is important to 
take into account individual differences between children when implementing 
physical activity programs. One way of achieving this is by adapting exercises 
to children’s individual achievement level, i.e. differentiation. 

Also, it was shown in this dissertation that it is feasible for primary schools to 
allocate more time to physical education than is currently done. Although the 
intended four lessons each week were not reached, on average children in the 
intervention groups were exposed to 3.2 lessons per week, which is substantially 
more than the two lessons per week they typically get. These are important 
findings, as many children do not meet the daily-recommended amount of 
physical activity, because they spend most of their time sedentary (Verloigne et 
al., 2012). This project shows that it is possible for primary schools to contribute 
to the daily amount of physical activity that children engage in.

In addition, it proved to be feasible to increase the intensity of physical 
education lessons. Previous research has shown that children in the Netherlands 
spend on average only 18 minutes in MVPA during physical education lessons 
(Singerland, Oomen, & Borghouts, 2011). This is partly the result of one of the main 
goals of physical education, namely learning motor skills, which is often done at 
a low intensity level. Still, 18 minutes per lesson is worryingly low, especially since 
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being exposed to a higher volume of MVPA seems to bring about more beneficial 
effects on academic achievement (as was shown in this dissertation). Therefore, it 
seems important to increase the amount of time children are active in MVPA. In 
our study, children in the aerobic intervention spent on average 28% more time 
in MVPA compared to children in the control group, showing that it is feasible 
to increase the volume of MVPA in primary school physical education lessons. 

7.4 CONCLUSION

Given the importance of physical activity for children’s physical fitness, motor 
development, and health and wellbeing, children should be provided with many 
opportunities to be physically active. Schools present the perfect environment 
to provide these opportunities, as children spend most of their active time 
at school. Following the results presented in this dissertation, I agree with an 
argumentation that was recently made by Bailey (2016, p. 16): 

“… the ways in which schools are organized and presented to young people 
need to change. They are outdated and inadequate since they were designed 
(more than 100 years ago) with the vision of the child as passive and still, when 
it is now known that the child is an active and moving learner. Based on the 
evidence reported here, it can be plausibly claimed that schools need to offer 
a wide range of positive, attractive physical activities to all students.” 

Although physical activity thus can be seen as a promising method for 
enhancing children’s academic achievement without focusing on the academic 
subject itself, the same argumentation can be put forward for other non-academic 
subjects such as music or arts (see Diamond & Ling, 2016). Yet, physical activity 
has additional benefits up and above the effects on cognition and academic 
achievement, as  physical activity is also important for children’s physical fitness, 
motor skills, and general health (Kohl & Cook, 2013; Morgan et al., 2013; Wu et 
al., 2017), as well as their social, emotional, and personality development (Bailey 
et al., 2009). Providing children with opportunities to be physical active during 
the school day can help in meeting the daily physical activity guidelines, thereby 
not only having positive effects on academic achievement, but also on children’s 
physical, social, emotional, and personality development. 

7
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