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A recent study has shown that within the period of 2000 and 2014 the number of 
Dutch preadolescent children (6-12 years) that achieve the recommended amount 
of moderate-to-vigorous physical activity (MVPA) is declining, while the time spent 

in physical inactivity is increasing (Hildebrandt et al., 2015). Physical activity is generally 
defined as “any bodily movement produced by skeletal muscles that results in energy expenditure” 
(Caspersen et al., 1985, p. 126). The current international physical activity guidelines for youth 
suggest that all preadolescent children should accumulate 60 minutes of daily MVPA, which 
refers to activity that is performed at 3.0 or more times the intensity of rest (WHO, 2010). This 
trend of increased time spend in physical inactivity has been reported in other countries as well 
(WHO, 2010). Because a physical inactive lifestyle tracks into adulthood (Twisk et al., 2000), it 
is important to implement and evaluate effective strategies for increasing physical activity in 
preadolescent children. 

It is already known that children that participate in MVPA regularly, improve their physical 
fitness (Kriemler et al., 2010; Kristensen et al., 2010) and lower their health risk (e.g. obesity and 
hypertension) (Janssen & LeBlanc, 2010). Physical fitness, considered as a set of subdomains 
that contribute to the ability to perform physical activity and exercise (Caspersen et al., 1985), 
is for a large part determined by the physical activity pattern over a recent period (weeks or 
months). In the current thesis, we have focused on the health-related subdomains of physical 
fitness: cardiovascular fitness, which is the capacity of the cardiovascular and respiratory 
system to perform prolonged strenuous exercise; muscular fitness, defined as the capacity of 
the muscles to perform work against a resistance; and body composition, defined as the relative 
amount of muscle, fat, bone and other vital parts of the body (Caspersen, 1985).

Lately, there is an increasing scientific interest in the hypothesis that regular MVPA might not 
only lower childhood health problems (e.g. obesity and hypertension), but might also promote 
improvements in cognitive functions. This hypothesis is partly supported by an abundant 
number of cross-sectional studies that demonstrated that improvements in physical fitness is 
related with improvements in cognitive functions (see Hillman et al., 2011; Tomporowski et al., 
2011 for reviews). Interestingly, these cognitive benefits from physical fitness are suggested to 
be selective or disproportionately larger for executive functions compared with other cognitive 
functions (Etnier et al., 2006). Executive functions, which are effortful cognitive processes that 
are necessary for goal directed cognition and behavior (Welsh et al., 2006), have a crucial role 
in mental health and are closely related with academic performance (Gathercole et al., 2004; 
St Clair-Thompson & Gathercole, 2006). Executive functions consist of at least three related 
domains: inhibition, which is the ability to avoid dominant or automatic responses and suppress 
environmental interference; working memory, which involves temporarily keeping relevant 
information and further processing this information; and cognitive flexibility, which requires 
children to switch between multiple tasks (Diamond, 2013; Miyake et al., 2000).

Typical classroom behavior of preadolescent children is mainly sedentary, with current 
curriculums contributing to around 7-8 hours a day spent in sedentary behavior (Esliger 
& Hall, 2009). Physical exercise programs that focus on increasing the time spent in MVPA 
and reducing physical inactivity during the school curriculum usually come with the loss of 
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academic instruction time. Given the competing curriculum demands and the high pressure 
on improving academic performance (Erwin et al., 2012), implementing a physical exercise 
program is therefore difficult to realize. Coupling physical and cognitive demands might be an 
important alternative strategy to enhance physical fitness, executive functions and academic 
performance. Physically active academic lessons are an innovative strategy that introduces 
MVPA in the classroom, that do not detract from children’s learning and come with the possible 
cognitive benefits from MVPA (Donnelly & Lambourne, 2011). We therefore designed and 
implemented an intervention program in which Dutch children are physically active during the 
regular mathematic and language lessons. Possible benefits of these physically active academic 
lessons could especially be of importance in children with a low socioeconomic status (SES). 
A child’s SES is a construct that is often conceptualized as the social standing or class of the 
child’s parents or caregivers (Hauser, 1994). The Dutch classification of social disadvantage 
(a dichotomous variable) is used as a measure of SES in the current thesis. Preadolescent 
children of which their parents completed less than three years of secondary education are in 
the Netherlands classified as children with a social disadvantage (SDC) (Ministry of Education, 
Culture and Science, 2006). It is well-documented that SDC are at risk for a low physical fitness 
(Duncan et al., 1994; Poulton et al., 2002) and generally score lower on academic performance 
(Chomitz et al., 2008; Sirin, 2005) compared with children without this social disadvantage (non-
SDC) (Chomitz et al., 2008). This so called achievement gap continues through adolescence 
and adulthood, with large economic and social consequences for the career of SDC during 
adolescence and adulthood (Bradley & Corwyn, 2002). The first aim of the current thesis was 
therefore to investigate the relationships between physical fitness, executive functions and 
academic performance in SDC and non-SDC. Secondly, we investigated the effects of physically 
active academic lessons on physical fitness and executive functions1.

1This thesis is closely related to another thesis that focuses on the implementation and effects of physically 
active academic lessons on academic performance (Mullender-Wijnsma, in progress).
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THEORETICAL FRAMEWORK

Possible mechanisms underlying the effects of MVPA on cognition

T he hypothesized model illustrated in Figure 1.1 provides an overview of the possible 
effects of regular MVPA on cognition in preadolescent children. Firstly, the model 
assumes that because of the physically active academic lessons are implemented 

during a time in which the children normally are required to sit still, the amount of in-school 
MPVA increases. According to the cardiovascular fitness hypothesis, regular MVPA increases 
physical fitness, which in turn leads to several structural changes in the brain (Etnier et al., 
1997). Although it is originally stated that this applies for cardiovascular fitness, gains in 
muscular fitness might also lead to structural changes in the brain. It has been shown that 
muscular fitness training in adults increases concentration levels of neurotransmitters such as 
the insulin-like growth factor I, which promotes neuronal growth (Liu-Ambrose & Donaldson, 
2009). The executive functions hypothesis, originally based on results from adult studies, states 
that MVPA leads to increased activity in selective parts of the brain structural network and 
especially improves executive functions (Colcombe & Kramer, 2003). Support for this hypothesis 
can also be found in studies that focus on preadolescent children. For example, MRI studies with 
preadolescent children have shown that physical fitness is related with increased volumes of 
specific regions of the basal ganglia (Chaddock, Erickson, Prakash, VanPatter et al., 2010) and 
hippocampus (Chaddock, Erickson, Prakash, Kim et al., 2010). There is also growing evidence 
that even a single bout of MVPA (also referred to as acute MVPA) can cause physiological and 
neurological responses, such as an improved blood flow in the brain and an enhancement of 
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Figure 1.1 Hypothesized model underlying the effects of physical activity on the relation between 
SES and cognition. 
SES: socioeconomic status; SDC: socially disadvantaged children; non-SDC: children without a social 
disadvantage; MVPA: moderate-to-vigorous physical activity.
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the concentration of various neurotransmitters involved in cognitive processes. An example 
of a neurotransmitter that is positively affected by MVPA is the brain-derived neurotrophic 
factor (BDNF), of which stimulating neurogenesis and synaptic restauration are one of its roles 
(Dishman et al., 2006; Winter et al., 2007). Although the effects of these responses typically 
disappear after a short period (Curlik & Shors, 2013), regularly challenging the brain with 
physically active academic lessons might, in the long term, result in more structural changes in 
the brain structural network (Moreau, 2015). 

Secondly, the model in Figure 1.1 assumes that there are considerable differences between SDC 
and non-SDC on cognition that should be taken into account when investigating the effects 
of physically active academic lessons. For example, if SDC score lower on physical fitness, it 
is more likely that they will improve on physical fitness, while non-SDC would need a longer 
period and/or higher intensity in order to improve their physical fitness.

13
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AIMS AND OUTLINE OF THIS THESIS

T he main aim of the research described in the current thesis is to study the effects of 
physically active academic lessons on physical fitness and executive functions in 
primary school children. We started this research by first investigating the relationships 

between physical fitness, executive functions and academic performance. These relationships 
are examined in SDC and non-SDC. Secondly, we investigated the effects of physically active 
academic lessons on physical fitness and executive functions.

The aim of Chapter 2 is to examine the relationships between physical fitness and academic 
performance. This chapter gives insight into the differences between SDC and non-SDC on 
physical fitness and academic performance. In addition, as both physical fitness (cardiovascular 
fitness and muscular fitness) and academic performance (mathematics, spelling and reading) can 
be divided in different subdomains, this chapter gives in particular insight into the associations 
between each subdomain of physical fitness and academic performance. Finally, the chapter 
examines whether physical fitness is a mediator between SES and academic performance. 

In Chapter 3 the relationships between social disadvantage, physical fitness and executive 
functions are examined. The differences between SDC and non-SDC on executive functions 
are studied. In addition, it is investigated whether physical fitness indirectly influences the 
relationship between social disadvantage and executive functions. It was hypothesized that 
SDC score lower on executive functions compared with non-SDC and that physical fitness 
was related with executive functions in both SDC and non-SDC. Secondly, it was hypothesized 
that a lower performance of SDC on executive functions can be partly explained by a lower 
performance on physical fitness. 

Chapter 4 describes the effect of physically active academic lessons on body mass index (BMI) 
and physical fitness. In a cluster-randomized controlled trial (cluster-RCT), children from 
twelve primary schools followed a 22-week intervention program in which physical activity was 
integrated in the mathematics and language lessons. The program was provided three times 
a week during school time. The control group followed the regular curriculum. The posttest 
scores on BMI and physical fitness of the intervention group was compared with the scores 
of the control group, after controlling for pretest differences. The hypothesis was that being 
physically active during these lessons would decrease BMI and increase physical fitness. 

Chapter 5 examined the effects of physically active academic lessons on physical fitness and 
executive functions after two years. The children that followed the 22-week intervention 
program in the first year of the cluster-RCT, continued following the physically active academic 
lessons in the next school year (for a period of another 22 weeks). Baseline and posttest scores 
after one and after two years of the intervention group are compared with the control group. 
Finally, in Chapter 6 a summary is provided of the most important findings of the research 
described in the current thesis. Following this summary, the conclusions, limitations and 
suggestions for future research are discussed. 
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ABSTRACT

T his study examined the differences between children with a low socioeconomic status 
[socially disadvantaged children (SDC)] and children without this disadvantage (non-
SDC) on physical fitness and academic performance. In addition, this study determined 

the association between physical fitness and academic performance, and investigated the 
possible moderator effect of SDC. Data on 544 children were collected and analyzed (130 SDC, 
414 non-SDC, mean age = 8.0 ± 0.7). Physical fitness was measured with tests for cardiovascular 
and muscular fitness. Academic performance was evaluated using scores on mathematics, 
spelling and reading. SDC did not differ on physical fitness, compared with non-SDC, but scored 
significantly lower on academic performance. In the total group, multilevel analysis showed 
positive associations between cardiovascular fitness and mathematics [β = 0.23], and between 
cardiovascular fitness and spelling [β = 0.16], but not with reading. No associations were found 
between muscular fitness and academic performance. A significant interaction effect between 
SDC and cardiovascular fitness was found for spelling. To conclude, results showed a specific 
link between cardiovascular fitness and mathematics, regardless of socioeconomic status. SDC 
did moderate the relationship between cardiovascular fitness and spelling. 
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INTRODUCTION

Children with a low socioeconomic status [socially disadvantaged children (SDC)] are 
more at risk of overweight (Danielzik et al., 2004) and have a higher prevalence of health 
threatening conditions associated with physical inactivity, such as osteoarthritis, hyper-

tension or chronic diseases (Adler & Ostrove, 2006). Because physical fitness is generally con-
sidered to be the ability to perform physical activity (Ortega et al., 2008), it is one of the most 
important health marker, as well as predictor of these health threatening conditions (Malina, 
2001). It is therefore hypothesized that SDC have relatively low fitness levels compared with 
children without a social disadvantage (non- SDC). In addition to the lower health status, a me-
dium-to-strong association exists between socioeconomic status and academic performance, 
indicating that SDC has also been linked with lower academic performance (Castelli et al., 2007; 
Chomitz et al., 2008; O’Dea & Mugridge, 2012; Sirin, 2005). 

It is possible that low physical fitness levels and low academic performance co-occur in preado-
lescent children. In preadolescent children, a small number of studies reported a global positive 
association between physical fitness and academic performance (Castelli et al., 2007; Chomitz 
et al., 2008; Eveland-Sayers et al., 2009). The studies were inconclusive regarding the possi-
ble specific association. A cross-sectional study investigated the association between physi-
cal fitness and academic performance among third- and fifth-grade children, while focusing 
on different domains of physical fitness (cardiovascular and muscular fitness) and academic 
performance (mathematics and reading) (Castelli et al., 2007). Only cardiovascular fitness was 
positively related to both mathematics and reading. Others found that both cardiovascular and 
muscular fitness were associated with mathematics, but not with reading (Eveland-Sayers et 
al., 2009). In sum, several cross-sectional studies described the association between domains 
of physical fitness and academic performance. Given the mixed findings, it remains unclear 
whether a general or specific association exists between the different domains of physical fit-
ness and academic performance. In addition, it is unknown whether or not SDC moderates these 
relations. 

Several mechanisms have been proposed that might explain the positive association between 
physical fitness and academic performance. There is evidence that through regular participation 
in physical exercise of moderate (Ruiz et al., 2006) or vigorous intensity (Adler & Ostrove, 
2006; Kwak et al., 2009), changes in cardiovascular fitness occur, leading to short and long-
term effects on cognitive performance. Regarding the short-term effects, immediate changes in 
concentration levels of neurotransmitters follow after exercise. For example, exercise increases 
concentrations of the brain-derived neurotrophic factor (BDNF), which stimulates learning 
and memory (Dishman et al., 2006; Winter et al., 2007). On the long term, chronic exercise 
will lead to morphological brain changes, caused by upregulation of growth factors which are 
responsible for synaptic plasticity and neurogenesis (Dishman et al., 2006). In addition, some 
studies suggest that the cognitive demands that underlie exercise might improve cognitive 
performance (Best, 2010; Sibley & Etnier, 2003). For example, team sport games or physical 
education contains several cognitive challenging demands, such as setting goals, making 
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decisions, employing different strategies and working together with teammates. The cognitive 
skills learned during these activities are assumed to benefit academic performance (Taras, 2005). 
To summarize, regular participation in exercise will lead to morphological brain changes, which 
benefit academic performance. Previous literature showed that lower physical fitness and lower 
academic performance is expected in SDC, compared with non-SDC, which is an indication that 
socioeconomic status is related with physical fitness and academic performance. This suggests 
that the association between physical fitness and academic performance can also be influenced 
by the socioeconomic status. 

Accordingly, the first aim of this study was to examine the differences between SDC and non-
SDC on physical fitness and academic performance. The second aim was to investigate the 
associations between different domains of physical fitness (cardiovascular and muscular fitness) 
and academic performance (mathematics, reading and spelling). The third aim was to examine 
whether SDC moderates the relation between physical fitness and academic performance. 
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METHODS

Participants 

We obtained data from 544 primary school children of the second and third grade. All 
children were enrolled across 16 schools in the Northern part of the Netherlands. 
Children were included if they were healthy, i.e. not suffering from any physical 

illness or injury at the time of testing. In Table 2.1, the descriptive characteristics of the 
study population are shown. The study population included 286 girls and 258 boys, with 51% 
second-grade children (n = 277) and 49% third-grade children (n = 267). The children’s mean 
age was 8.0 (SD = 0.7; range 7–10 years). Children were categorized in SDC or non-SDC based 
on the education of the person(s) who is (or are) responsible for the daily care. Data about the 
education were retrieved from the personal school file of each child. Children for whom both 
parents, or the person(s) responsible for daily care, completed less than 3 years of the secondary 
school were classified as SDC (n = 130) (Ministry of Education, Culture and Science, 2006). All 
other children were classified as non-SDC (n = 414). In addition to the SDC classification, the 
person responsible for the daily care (caregiver) was asked about the highest level of educational 
attainment, using a questionnaire. The response rate was 66.0% (n = 359). In this subsample, it 
appeared that for the caregiver of SDC 29.1% (n = 25) had no diploma, 51.2% (n = 44) completed 
secondary education and 19.8% (n = 17) completed middle-level applied education. For the 
caregiver of the non-SDC 3.3% (n = 9) had no diploma, 21.2% (n = 58) completed secondary 
education, 50.2% (n = 137) completed middle-level applied education, 19.4% (n = 53) completed 
higher professional education and 5.9% (n = 16) completed university. Educational levels of 
the caregiver of the SDC were significantly lower than those of the caregiver of the non-SDC [U 
= 4088.0, p < 0.01], indicating that the SDC classification was justified. The SDC classification 
was used in the remaining part of the study, because using the highest level of educational 
attainment as a measure of socioeconomic status would have resulted in considerable data loss. 

Overweight and obesity were defined according to the reference values for BMI in children (Cole 
et al., 2000). SDC and non-SDC were comparable on all descriptive characteristics, apart from 
age. SDCs were significantly older compared with the non-SDCs [t = -4.1, p < 0.01]. Informed 
consent was obtained for all children, and all procedures were approved by the institutional 
Ethics Committee of the Center for Human Movement Sciences of the University Medical 
Center Groningen, University of Groningen. 

Measurement instruments

Physical fitness was evaluated with five items of the Eurofit physical fitness test battery (Adam 
et al., 1988). The standardized and validated Eurofit test battery has been designed for assess-
ment of health-related fitness in both children as well as adults (Adam et al., 1988). The test 
battery was administered by instructed researchers to ensure consistency in the test adminis-
tration. The 20 m endurance shuttle run (Riddoch, 1990) and 10 × 5 m shuttle run were admin-
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istered for measuring cardiovascular fitness. Standing broad jump (explosive strength), sit-ups 
(abdominal muscle endurance) and handgrip strength (static strength) were administered for 
measuring muscular fitness. The test battery was assessed during two regular scheduled physi-
cal education lessons on each school at the start of the school year, with approximately 1 week 
between the two lessons. During one lesson, the children were familiarized with the 10 × 5 m 
shuttle run, standing broad jump, sit-ups and handgrip strength and were given two trials for 
each test. The best performance was used for further analysis. During the other lesson, the 20 m 
endurance shuttle run was assessed and body composition (BMI) was obtained through height 
and weight measures. One trial was given for the 20 m endurance shuttle run. 

Academic performance was evaluated with scores on mathematics and two domains of lan-
guage, namely spelling and reading. For each child, the ability scores on spelling and mathe-
matics were retrieved from the so-called child academic monitoring system. This is a standard-
ized norm referenced test battery that is administered twice a year by most primary schools in 
The Netherlands. The mathematics test is an individually performed pencil and paper or digital 
task which consists of three subdomains, namely geometry, time and money; number sense and 
computation; and algebra. The reliability [r varied from 0.91 to 0.96], the construct validity and 
the content validity of the mathematics test are good (Janssen et al., 2010). The spelling test 
consists of two tasks. During the first task, the teacher has to read out a sentence, and repeat 
a given word within this sentence. The child has to write down this repeated word correctly. 
The second task is to recognize given words that are spelled incorrectly (de Wijs et al., 2010). 
The reliability [r varied from 0.87 to 0.92], the construct validity and the content validity of the 
spelling test are good (de Wijs et al., 2010). The mathematics and spelling tests were adminis-
trated at the end of the previous school year. Reading was assessed with the 1-min reading test, 
in which the child had to read out loud as many words as possible within 1 min (Brus & Voeten, 
1973). After 1 min, the test was repeated with a different set of words. The test was administered 
by instructed researchers to ensure consistency in the test administration. The score was cal-
culated as the total number of words read correctly and ranges from 0 to 232. The test has been 
developed for measuring technical reading skills in children from second to sixth grade. Test 

Table 2.1 Descriptive characteristics of the study population.

SDC = socially disadvantaged children, Non-SDC = children without a social disadvantage. aIndependent 
t-test. bNon-parametric Chi-square test. cAccording to the reference values by Cole et al. (2000).
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retest reliability [r varied from 0.89 to 0.92] and construct validity [r varied from 0.78 to 0.86] of 
the 1-min reading test are good (Brus & Voeten, 1973). The 1-min reading test is not part of the 
standardized norm-referenced test battery. The test was administrated by instructed research-
ers at the start of the school year. Although mathematics, spelling and reading are important 
domains of academic performance, it should be acknowledged that academic performance rep-
resents more that these three domains. Therefore, reference to academic performance in this 
study is limited to the scores on mathematics, spelling and reading. 

Statistical analysis 

Statistical analysis was conducted using SPSS for Windows, version 20.0. For evaluating the 
differences between SDC and non-SDC, analyses of covariance (ANCOVA) were conducted. The 
first ANCOVA included standing broad jump as the dependent variable and the SDC classification 
(coded as 0 = non-SDC, 1 = SDC) as the independent variable. Age, grade (coded as 0 = second 
grade, 1 = third grade) and gender (coded as 0 = girls, 1 = boys) were used as covariates. Because 
SDCs were significantly older compared with non-SDCs, both grade and age were added as 
covariates to control for the educational experience. The same statistical analysis was repeated 
for the other domains of physical fitness (sit ups, handgrip strength, 10 × 5 m shuttle run and 20 
m endurance shuttle run) and for the domains of academic performance (mathematics, spelling 
and reading) as dependent variables. To take into account the unbalanced design, Type III sums 
of squares were used (Field, 2005) and effect size correlations were calculated in accordance 
with Rosnow et al. (2000). An effect size correlation between 0.10 and 0.30 was considered 
small, 0.30–0.50 moderate and above 0.50 large (Rosnow et al., 2000).

A principal component analysis was conducted to compute a Bartlett factor score for muscular 
fitness, summing the raw scores of standing broad jump, situps and handgrip strength and for 
cardiovascular fitness, summing the raw scores of the 10 × 5 m shuttle run and 20 m endurance 
shuttle run. The advantage of Bartlett’s approach is that it produces a score which is uncorrelated 
with scores of other factors (Grice & Harris, 1998). Only items with loading values above 0.300 
for the intended factor were included for further analysis. 

To account for the common experience the children share within each school (Telford et al., 
2012) and within each class, multilevel analyses were conducted (MLwiN, version 2.23). First, 
the raw scores of mathematics, spelling and reading performance were transformed into 
z-scores. The first multilevel analysis included mathematics as dependent variable. SDC, 
cardiovascular fitness, muscular fitness and the interaction effects between SDC and both 
cardiovascular and muscular fitness were used as possible predictors. Grade and gender were 
included as covariates. Class and school were added in the statistical model as, respectively, 
levels 2 and 3 and a random intercept for each school and class was considered. The same 
statistical analysis was repeated for spelling and reading as dependent variables. The deviances 
of the three models (mathematics, spelling and reading) were compared with the deviances of 
the covariates models, which included only the covariates (Snijders & Bosker, 2011). The final 
model included the covariates and the possible predictors. The interactions between SDC and 
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both domains of physical fitness were entered in the models, investigating if SDC moderated 
the relationships between physical fitness and mathematics, spelling or reading performance. 
Effect sizes for each predictor of the multilevel models were calculated using the explained 
variance (R2). The explained variance was calculated by comparing the total variance of the 
model including the predictor, with the total variance of the intercept only model (Snijders & 
Bosker, 2011). Statistical significance was adopted for all tests when p < 0.05.
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RESULTS

T here were no significant differences in physical fitness between the SDC and non-SDC 
(Table 2.2). Non-SDC scored significantly higher on mathematics [p < 0.01], spelling [p < 
0.01] and reading [p < 0.05], compared with the SDC. 

The physical fitness items standing broad jump, sit-ups and handgrip strength loaded high 
on factor 1, representing muscular fitness (Table 2.3). The items 10 × 5 m shuttle run and 20 
m endurance shuttle run loaded high on factor 2, representing cardiovascular fitness. All items 
loaded high on the intended factor (above 0.300) and were therefore included for further analysis. 

Table 2.3 Descriptive characteristics of the study population.

Table 2.2 Comparison of the SDC and non-SDC on the estimated mean score and standard errors of 
physical fitness and academic performance, while controlling for age, grade and gender.

ES = effect size.
aThe better the performance, the higher the score. bThe better the performance, the lower the score. cANCOVA 
(statistically adjusted for age, grade and gender).
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The outcome of the multilevel models predicting the performance on mathematics, spelling and 
reading can be found in Table 2.4. SDC scored lower on mathematics, compared with non-SDC 
[β = -0.36, p < 0.01, R2 = 0.02]. Cardiovascular fitness was positively associated with mathematics 
[β = 0.23, p < 0.01, R2 = 0.06], indicating that a higher cardiovascular fitness was associated 
with higher scores on mathematics. No significant interaction effect was found between SDC 
and cardiovascular fitness, indicating that SDC did not moderate the association. SDC scored 
also lower on spelling [β = -0.30, p < 0.01, R2 = 0.01]. A positive association was found between 
cardiovascular fitness and spelling performance [β = 0.16, p < 0.05, R2 = 0.01]. However, a negative 
interaction effect was present between SDC and cardiovascular fitness [β = -0.30, p < 0.01, R2 = 
0.00], indicating that the association between cardiovascular fitness and spelling performance 
was moderated by SDC and therefore depends on whether the child has a social disadvantage or 
not. The interaction effect demonstrates that the positive association between cardiovascular 
fitness and spelling was only found in non-SDC. For reading, SDC scored significantly lower 
compared with non-SDC [β = -0.24, p < 0.01, R2 = 0.01]. Both cardiovascular and muscular fitness 
were no significant predictors in the model, indicating that there was no association between 
physical fitness and reading performance.

Table 2.4 Standardized regression coëfficients (β) and standard errors (SE) for each factor predicting 
mathematics, spelling and reading performance.

aCoded as 0 for second grade, 1 for third grade. bCoded as 0 for girls, 1 for boys. cSDC = socially disadvantaged children, 
Coded as 0 for non-SDC, 1 for SDC.
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DISCUSSION

T his study showed that SDC scored significantly lower on all domains of academic 
performance in comparison to non-SDC. No significant differences were found for 
physical fitness. In the total population, cardiovascular fitness was positively associated 

with mathematics and spelling, but not with reading. Muscular fitness was not associated with 
academic performance. After taking SDC into account, the association between cardiovascular 
fitness and mathematics persisted, indicating that SDC did not moderate this relationship. 
However, SDC did moderate the relationship between cardiovascular fitness and spelling, which 
indicated that the positive association between cardiovascular fitness and spelling was only 
found in non-SDC and not in SDC. 

Although the strength of the associations was small, non-SDC outperformed SDC on 
mathematics, spelling and reading, which is in accordance with previous literature (Chomitz et 
al., 2008; O’Dea & Mugridge, 2012). However, no differences on the domains of physical fitness 
between SDC and non-SDC were found. According to the authors’ knowledge, no previous 
literature is available on the association between socioeconomic status and physical fitness in 
preadolescent children in developed countries. Previous literature did show that SDC are less 
likely to be physically active (Woodfield et al., 2002), which may influence children’s physical 
fitness negatively. In this study, both groups had relative low fitness scores on standing broad 
jump, sit-ups and 10 × 5 m shuttle run compared to a large sample of 8-year-old Latvian children 
(Sauka et al., 2011). For physical fitness, the school or exercise possibilities in the neighborhood 
of the children might be a stronger predictor than having a social disadvantage (Ebbeling et al., 
2002; Tappe et al., 2013). 

A weak but significant association was found between cardiovascular fitness and multiple 
domains of academic performance explaining between 1 and 6% of the variance, whereas 
muscular fitness was not related with any of the domains. In accordance with these results, 
another study showed that only cardiovascular fitness was positively related with academic 
performance in preadolescent children (8–11 years), and not muscular fitness (Castelli et al., 
2007). This specific positive association extends the evidence for the cardiovascular fitness 
hypothesis (North et al., 1990). This hypothesis states that through regular participation in 
physical exercise of moderate (Ruiz et al., 2006) or vigorous intensity (Kwak et al., 2009; Ortega 
et al., 2008), changes in cardiovascular fitness occur, which will lead to increased cerebral blood 
flow. On the long term, chronic exercise will lead to upregulation of growth factors, responsible 
for synaptic plasticity and neurogenesis (Winter et al., 2007). For example, exercise increases 
concentrations of the BDNF, which stimulates learning and memory (Dishman et al., 2006). 

Small positive associations between cardiovascular fitness and the domains mathematics and 
spelling were found in the total population but not between cardiovascular fitness and reading. 
These results are partly in accordance with other cross-sectional studies. A stronger association 
was found between total physical fitness scores and scores on mathematics compared to scores 
on English (Chomitz et al., 2008). Others found an association between cardiovascular fitness 
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and mathematics, but no association with reading (Telford et al., 2012). From these results, 
combined with our results, it seems that the association between cardiovascular fitness and 
mathematics is consistent in school-aged children. Although it should be acknowledged that 
genetic factors may have played a role and that it is easier to increase physical activity than to 
change physical fitness, a possible way to improve the mathematical performance in both SDC 
as non-SDC might be improving their cardiovascular fitness. This causality for mathematics 
is supported by a quasi-experimental study which reported a positive benefit of physical 
education on especially mathematical performance (Shephard et al., 1984). It is also supported 
by a randomized controlled intervention study which reported a significant improvement in 
mathematics, but not reading, after a cardiovascular exercise program (Davis et al., 2011). 

Strengths of this study include the statistical control for the effects on school and class level. 
The effect of the school and class culture might play a dominant role in the relation between 
physical fitness and academic performance (Telford et al., 2012). The advantage of multilevel 
analyses is that it takes into account the nested variability of children within each school 
(Snijders & Bosker, 2011). A limitation of this study is the cross-sectional design, which makes 
it unable to confirm any type of causality. It is therefore not possible to confirm that increasing 
physical fitness causes increased performance on mathematics. Second, although a binary 
classification of socioeconomic status is commonly used in literature (Chomitz et al., 2008), it 
may partly account for the limited effects found between SDC and non- SDC in this study. The 
advantage of using the current classification is that it can be obtained from the personal school 
files of the children. 

In conclusion, this study shows that SDC have a comparable physical fitness but are still behind 
in academic performance, compared with non-SDC attending to the same school. A positive 
association between cardiovascular fitness and spelling performance was found in non-SDC 
and between cardiovascular fitness and mathematics for non-SDC, as well as SDC. This finding 
is relevant in understanding the academic performance of preadolescent children given the 
worldwide pressure on and importance of improving academic performance (Chomitz et al., 
2008).
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ABSTRACT

C hildren with a social disadvantage are at risk for a low physical fitness and seem to 
underperform on executive functions in comparison with children without a social 
disadvantage. The first aim was to investigate the direct relations between social 

disadvantage, physical fitness and executive functions in primary school children. The 
second aim was to examine whether physical fitness mediates the relationship between social 
disadvantage and executive functions. Data on 431 children were collected. Children were 
categorized as socially disadvantaged children (SDC) or children without a social disadvantage 
(non-SDC) according to the parental education level (91 SDC, 340 non-SDC, age = 8.2 ± 0.7, 
mean ± SD). Physical fitness was evaluated with five items of the Eurofit, measuring muscular 
and cardiovascular fitness. Executive functions were evaluated with the Stroop (inhibition), 
Digit and Visual span backward (verbal and visual working memory) and M-WCST (cognitive 
flexibility). Results showed that SDC scored significantly lower on cognitive flexibility [ηp

2= 
0.015], compared with non-SDC. No differences were found between SDC and non-SDC on 
physical fitness. Regression analysis showed a small positive relation between aerobic capacity 
and cognitive flexibility [β = 0.16]. Results from the mediation analysis showed that physical 
fitness did not mediate the relationship between social disadvantage and executive functions. 
Increasing cardiovascular fitness in both SDC as well as non-SDC might be beneficial for 
cognitive tasks that require cognitive flexibility.
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INTRODUCTION

T he importance of executive functions for children has recently received increased 
interest, given the crucial role in mental health, and the positive relation with academic 
performance (Diamond, 2013; St Clair-Thompson & Gathercole, 2006). Much of the 

development of executive functions and the underlying neural circuitry in the prefrontal cortex 
occurs during childhood (ages 6-12), making it sensitive for environmental experiences of the 
child (Best et al., 2009). Executive functions consist of distinct, yet related domains, including 
at least: (a) inhibition, the ability to deliberately suppress an automatic, dominant or prepotent 
response, (b) working memory, the ability of updating and monitoring information and (c) 
cognitive flexibility, the ability to change between mental sets or tasks (Miyake et al., 2000). 
Maintaining or improving physical fitness through regular exercise might be one of the key 
experiences that positively influences the developmental trajectory of executive functions 
(Stroth et al., 2009). This is supported by an increasing number of studies which report a general 
benefit of physical fitness on cognition, with most of the evidence found for executive functions 
(also called executive control or cognitive control) in adult studies (Colcombe & Kramer, 2003). 
The relationship between physical fitness and executive functions in children is less well 
understood.

Possible relations between physical fitness and executive functions could especially be of 
importance in children with a low socioeconomic status (Socially Disadvantaged Children; 
SDC), as it is well-documented that SDC are at risk for a low physical fitness (Duncan et al., 
1994; Poulton et al., 2002) and score low on executive functions (Ardila et al., 2005; Noble et al., 
2007; Waber et al., 2006). Waber et al. (2006) studied 9-12 year old SDC and compared several 
neurocognitive functions with their norm scores. It was found that more errors were made on 
tests measuring executive functions, such as working memory and planning. A cross-sectional 
study, in which the correlations between degree of social disadvantage and eight different 
executive function tasks were investigated in 5- to 14-year-old children, found a significant 
positive correlation between 0.20 and 0.46 on most tasks (six out of eight) (Ardila et al., 2005). 
Several studies have argued that a poor physical health is one of the possible mediators that 
might explain the relationship between socioeconomic status and general well-being (Bradley 
& Corwyn, 2002; Noble et al., 2007). Similarly, it can be argued that physical fitness might 
mediate the association between social disadvantage and executive functions.

Physical fitness, in part genetically determined, but also highly influenced by environmental 
factors, is defined as the capacity to perform physical activity (Ortega et al., 2008). Physical 
fitness includes at least two main domains: (a) cardiovascular fitness, the capacity of the 
cardiovascular and respiratory system to perform prolonged strenuous exercise, and (b) muscular 
fitness, the capacity of the muscles to perform work against a resistance. Although research is 
limited, in two cross-sectional studies the relationship between physical fitness and executive 
functions in primary school children (6-12 years) has been examined. Results showed a small 
positive relation between cardiovascular fitness and an inhibition task, explaining between 5 
- 9% of the variance (Buck et al., 2008). In the second study, children scoring relatively high 
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on cardiovascular fitness also scored relatively high on a working memory task, indicating a 
moderate positive relation between physical fitness and working memory [η2 = 0.11](Chaddock 
et al., 2011). In both studies, cardiovascular fitness was used as a measure of physical fitness, as 
well as only one domain of executive functions, limiting the evidence for a general relationship 
between physical fitness and executive functions.

Chronic exercise aimed at improving physical fitness will lead to physiological changes in the 
brain, which might have long term positive effects on executive functions (Stroth et al., 2009). 
For example, concentration levels of growth factors responsible for synaptic plasticity and 
neurogenesis are increased (Dishman et al., 2006). Cross-sectional studies investigating the 
event-related potentials offer a further understanding of the underlying mechanisms involved 
in the possible relation between physical fitness and executive functions. The event-related 
potentials reflect the voltage pattern of a neuroelectric signal occurring before or during 
stimulus or response. Especially the P3 component, which occurs directly after a stimulus, 
gives information on how the brain processes a stimulus response task. The amplitude of the 
P3 component represents the amount of allocated attention during the task, while the latency 
has been related with stimulus processing speed (Polich & Kok, 1995). A higher cardiovascular 
fitness was strongly related with a higher P3 amplitude [η2 = 0.17] and a faster P3 latency [η2 = 
0.17] during a working memory task (Hillman et al., 2005). During an inhibition task, a moderate 
relationship was found between cardiovascular fitness and a higher P3 amplitude [η2 = 0.12], 
while no relation was found between cardiovascular fitness and P3 latency (Hillman et al., 
2009). Despite small differences between the results of working memory and inhibition, these 
findings suggest a positive relation between cardiovascular fitness and multiple domains of 
executive functions.

To summarize, along with the clear evidence of the relationship between social disadvantage 
and executive functions, physical fitness might also be related with executive functions, with 
moderate results coming from inhibition and working memory. The aim of the present study 
was therefore to investigate the direct relations between social disadvantage, physical fitness 
and executive functions in primary school children. The second aim was to examine whether 
physical fitness mediates the relations between social disadvantage and executive functions.
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METHODS

Participants

Data was obtained from 507 second and third graders (394 non-SDC and 113 SDC) across 
twelve different primary schools in the Northern part of the Netherlands (mean age = 8.1 ± 
0.7). Of these children, 431 were included and 76 were excluded (18%) because of absence 

at the time of testing (Table 3.1). Children of which both parents, or the person(s) responsible for 
daily care, completed less than three years of secondary education were classified as SDC (n = 91) 
(Ministry of Education, Culture and Science, 2006). The other children were classified as non-SDC 
(n = 340). Information of the classification (SDC or non-SDC) was retrieved from the personal 
school file of each child. SDC and non-SDC were comparable on all descriptive characteristics, 
apart from age. SDC were significantly older compared with the non-SDC [t = -2.9, p = 0.003]. The 
current study was conducted with prior approval of the institutional Ethics Committee of the 
Center for Human Movement Sciences of the University Medical Center Groningen, University of 
Groningen and informed consent was obtained for all children.

Physical fitness

Physical fitness was evaluated with five items of the Eurofit physical fitness test battery (Adam 
et al., 1988). The selected items were standing broad jump (SBJ, explosive strength, in cm), sit-
ups in 30 s (SUP, muscular endurance, in number of completed sit-ups) and handgrip strength 
(HG, static strength, in kg) for measuring muscular fitness. The 10 × 5 m shuttle run (10 × 5 m 
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Table 3.1 Descriptive characteristics of the included study population.

SD = Standard deviation, SDC = socially disadvantaged children, Non-SDC = children without a social dis-
advantage. 
aIndependent t-test. bNon-parametric Chi-square test. cAccording to the reference values by Cole et al. 
(2012).
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SR, speed-coordination, in s) and the 20 m endurance shuttle run (20 m SR, aerobic capacity, 
in number of stages) were administered for measuring cardiovascular fitness. The standardized 
and validated Eurofit test battery has been designed for assessment of health-related fitness in 
both children as well as adults (Adam et al., 1988). The test-retest reliability [r varied from 0.62 
to 0.97] and construct validity of the five items are adequate for children (van Mechelen et al., 
1991). The five items were assessed during two regular scheduled physical education lessons. 
During one lesson, the SBJ, SUP, HG and 10 × 5 m SR were assessed in a circuit form. During 
the other physical education lesson, the 20 m SR was assessed and BMI was obtained through 
height and weight measures. Two trials were given for the SBJ, HG and 10 × 5 m SR with the best 
performance used for further analysis. One trial was given for the SUP and 20 m SR. Instructed 
researchers administered the test battery to ensure consistency in the test administration.

Executive functions

Inhibition
Inhibition was measured using the Golden Stroop test (Strauss et al., 2006). Children are 
asked to read aloud 100 color words printed in black ink (word card), to name the colors of 100 
solid squares (color card), and to name the colors of 100 incongruent color words (color-word 
card) as fast as possible. In all three conditions, children are asked to name as many items as 
they can in 45 seconds. The color-word condition requires the greatest amount of inhibitory 
control because the child has to read aloud the color of the word and suppress the automatic 
response of reading the word. An interference score was computed by subtracting the number of 
correctly named colors in the color-word condition from the number of correctly named colors 
in the color condition. The score ranges from 0 to 100. The test re-test reliabilities of the word 
condition, color condition and color-word condition can be considered good [respectively 0.88, 
0.82 and 0.73] (Jensen, 1965).

Working memory
The Digit span backward and the Visual span backward, both part of the Wechsler Memory 
Scale Revised (Wechsler, 1987), were used for measuring respectively verbal and spatial working 
memory. During the Digit span task the child was asked to recall a sequence of spoken digits in 
reverse order. The instructor gave the child one practice trial in order to ensure that the child 
understood the test. The number of digits in each span increases from two to eight, with three 
sequences in each span. The test stops when the child fails to recall two of the three sequences 
in a span. The score is the total number of correctly recalled sequences and ranges from 0 to 21. 
The Visual span task consists of a card containing eight printed squares. The child was asked to 
repeat tapping sequences in reverse order that increases from two to seven squares, with two 
sequences in each span. Again, the instructor gave one practice trial in order to ensure that the 
child understood the test. The test stops when the child fails to recall both sequences in a span. 
The score is the total number of correctly tapped sequences and ranges from 0 to 12. The test re-
test reliability coefficients for the Digit span backward [r = 0.82] and the Visual span backward 
[r = 0.75] indicate that both tests are reliable within children. Factor analysis on a standardized 
sample showed high factor loadings on general working memory for the Digit span backward 
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[loading = 0.75] and the Visual span backward [loading = 0.65], indicating that both tests are a 
valid measure for working memory (Wechsler, 1987).

Cognitive flexibility
Cognitive flexibility was measured using the modified Wisconsin card sorting test (M-WCST). 
The M-WCST consists of four stimulus cards and 48 response cards. Each card contains figures 
that vary in form (triangle, cross, circle or star), number (one, two, three or four) and color 
(yellow, red, green, or blue). The examiner places the four stimulus cards in a row in front of the 
child and instructs the child to match each response card with one of the four stimulus cards. The 
child is told whether the card is sorted right or wrong. After six consecutive correct responses 
the sorting category is changed and the examiner instructs the child to find another rule. The 
test ends after six categories are correctly sorted or after all 48 cards are sorted. A categorizing 
efficiency was calculated by scoring six points for every completed category and awarding one 
point for each of the 48 cards not used (Cianchetti et al., 2007). The categorizing efficiency 
ranges from 0 to 48. The M-WCST is particularly suitable for children, because it takes less time 
to administer and is less stressful compared with the original WCST (Cianchetti et al., 2007). 
Although currently no reliability and validity scores are present in children, moderate test-
retest reliability correlations were found within adults [0.56 and 0.64 for number of categories 
and perseverative error respectively] (Lineweaver et al., 1999; Schretlen, 2010). The M-WCST 
has a strong correlation with part B of the Trail Making Test [r = -0.52], which is considered a 
reliable test measuring cognitive flexibility (Schretlen, 2010). Children were tested individually 
by instructed researchers in a quiet room at the start of the school year, approximately two 
weeks before measuring physical fitness.

Statistical analysis

To investigate the relations between social disadvantage and executive functions, while 
accounting for the family wise error between the four items of executive functions, a MANCOVA 
was calculated and univariate analyses were obtained, with scores on the Stroop interference, 
Digit span backward, Visual span backward and M-WCST as dependent variables; social 
disadvantage (coded as 0 = non-SDC, 1 = SDC) as the independent variable; age as a covariate. 
Age was included as a covariate because the SDC were significantly older. To investigate the 
relations between social disadvantage and physical fitness, a second MANCOVA was conducted 
with scores on SBJ (cm), SUP (n), HG (kg), 10 × 5 m SR (s) and 20 m SR (stage) as dependent 
variables; social disadvantage as independent variable; age as a covariate. Effect sizes were 
calculated using the partial eta squared (ηp

2), which represents the strength of the association 
between the independent variable and the dependent variable. A ηp

2 below 0.06 is considered 
small, 0.07 - 0.14 medium and above 0.14 strong (Stevens, 1996).

The mediation bootstrapping approach was used to investigate the relationship between 
physical fitness and executive functions and to test the mediation effect of physical fitness, as 
suggested by Preacher and Hayes (Preacher & Hayes, 2008). The mediation approach makes a 
distinction between direct effect, indirect effect and total effect. The total effect in the current 
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study is the prediction of executive functions from social disadvantage. The indirect effect is the 
prediction of executive functions from social disadvantage through physical fitness. The direct 
effect is the prediction of executive functions from social disadvantage, after taking account 
of the mediation effect of physical fitness (i.e. total effect = direct effect + indirect effect). The 
mediation approach tests whether the total effect of social disadvantage on executive functions 
is significantly reduced after the addition of physical fitness to the model. For the mediation 
approach, social disadvantage was used as the independent variable; SBJ, SUP, HG, 10 × 5 m 
SR and 20 m SR as proposed mediators; age as covariate and Stroop interference as dependent 
variable. Similar statistical analyses were conducted with Digit span backward, Visual span 
backward and M-WCST as dependent variables. 95% Confidence intervals (CI) were calculated 
for the indirect effect of the domains of physical fitness using 5000 bootstrap samples. If zero 
was not between the lower and upper bound of the CI, significance was adopted. A more detailed 
discussion on bootstrapping can be found elsewhere (Shrout & Bolger, 2002). Effect sizes were 
calculated using Cohen’s f2. An f2 below 0.39 is considered small, 0.40 - 0.59 medium and above 
0.59 strong (Cohen, 1988).

Bonferroni adjusted p-values were used for univariate and mediation analyses, indicating that 
statistical significance was adopted when p < 0.013 (p < 0.05 divided through 4) (Field, 2005). 
Statistical significance for all other tests was adopted when p < 0.05. All calculations were 
performed using SPSS v.20.0 software for Windows.
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RESULTS

Social disadvantage and executive functions

T able 3.2 shows the estimated mean scores for SDC and non-SDC on executive functions 
after controlling for age. Univariate analyses showed that SDC, compared with non-SDC, 
scored significantly lower on the M-WCST [F(1,430) = 6.6, p = 0.010, ηp

2 = 0.015], but no 
significant differences were found for Stroop interference [F(1,430) = 0.8, p = 0.383], Digit span 
backward [F(1,430) = 2.9, p = 0.091], or Visual span backward [F(1,430) = 4.0, p = 0.047]. All effect 
sizes were small.

Social disadvantage and physical fitness

Univariate analyses showed no significant differences between SDC and non-SDC for SBJ 
[F(1,430) = 0.1, p = 0.810], SUP [F(1,430) = 0.1, p = 0.715], HG [F(1,430) = 2.0, p = 0.158], 10 × 5 m 
SR [F(1,430) = 2.2, p = 0.141] or 20 m SR [F(1,430) = 0.4, p = 0.520] (Table 3.2). 
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Table 3.2 Comparison of the SDC and non-SDC on the estimated mean score and standard errors (SE) 
of executive functions and physical fitness, while controlling for age.

SDC = socially disadvantaged children, Non-SDC = children without a social disadvantage, M-WCST = modi-
fied Wisconsin card sorting test, SBJ = standing broad jump, SUP = sit-ups, HG = handgrip strength, 10 × 5 m 
SR = 10 × 5 m shuttle run, 20 m SR = 20 m shuttle run. aThe better the performance, the lower the score. bThe 
better the performance, the higher the score. cANCOVA (statistically adjusted for age).
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Physical fitness and executive functions

The results obtained from the mediation approach showed that the 20 m SR was positively 
related with the M-WCST [β = 0.16, p = 0.004], indicating that a higher score on the 20 m SR is 
related with a higher score on the M-WCST. The total model explained 6% of the variance [f2 
= 0.058]. No significant relations were found between the domains of physical fitness and the 
Stroop interference, Digit span backward and Visual span backward (Table 3.3).

Physical fitness as a mediator

The mediation approach showed that the total estimated effect of social disadvantage on 
executive functions was significantly negative for the M-WCST [β = -0.30, p = 0.010](Table 3). No 
significant total estimated effect of social disadvantage was found for the Stroop interference 
[β = -0.10, p = 0.383], Digit span backward [β = -0.20, p = 0.091], or Visual span backward [β = 
-0.23, p = 0.047]. The direct estimated effects of social disadvantage on Stroop interference [β 

= -0.08, p = 0.490], Digit span backward [β = -0.18, p = 0.126], Visual span backward [β = -0.21, 
p = 0.070], and M-WCST [β = -0.29, p = 0.015], were non-significant. The results showed that 
the estimated effects of social disadvantage for executive functions through physical fitness 
(indirect effect) were not significant for Stroop interference, Digit span backward, Visual span 
backward and M-WCST. This indicates physical fitness did not mediate the relationship between 
social disadvantage and executive functions. 
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Table 3.3 Regression analysis predicting the performance of executive functions with the domains of 
physical fitness and social disadvantage while controlling for gender and age: standardized regression 
coëfficiënts (β) and standard errors (SE).

Social disadvantage: 0 = non-SDC, 1 = SDC. M-WCST = modified Wisconsin card sorting test, SBJ = standing broad 
jump, SUP = sit-ups, HG = handgrip strength, 10x5m SR = 10x5m shuttle run, 20m SR = 20m shuttle run.
aThe effect of social disadvantage on executive functions, without (T; total effect) and with (D; direct effect) including 
the mediation effect of physical fitness.
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DISCUSSION

T he current study found that SDC scored lower on cognitive flexibility compared with 
non-SDC, that no differences were found between SDC and non-SDC on physical fitness 
and that aerobic capacity was positively related with cognitive flexibility. Although 

physical fitness did not mediate the relationship between social disadvantage and executive 
functions, aerobic capacity and social disadvantage were significant predictors for cognitive 
flexibility in primary school children.

According to the authors knowledge, this is the first study that examined the relationship 
between cardiovascular fitness and executive functions in children using multiple domains of 
executive functions in the same study. Based on the current findings, it can be concluded that 
aerobic capacity is related with cognitive flexibility. The finding that cardiovascular fitness is 
not related with inhibition and verbal working memory is in contrast with previous literature, 
which stated that a general rather than a selective relationship exists between cardiovascular 
fitness and executive functions (Hillman et al., 2009). In addition, previous literature reported a 
relationship between cardiovascular fitness and both working memory and inhibition (Chaddock 
et al., 2011; Dishman et al., 2006). Earlier studies including both children and adults argued 
that the relationship between cardiovascular fitness and executive functions is explained by 
the increase of both gray and white matter in the prefrontal brain areas (Colcombe et al., 2006; 
Madsen et al., 2010). Although this might explain that cardiovascular fitness is related with 
executive functions rather than other cognitive functions, it remains unclear why the current 
study found a relationship only with cognitive flexibility. Future research is therefore needed 
to better understand the complex relationship between cardiovascular fitness and executive 
functions.

The results also showed that aerobic capacity, but not muscular fitness was related with cognitive 
flexibility. Few studies focused on the relationship between muscular fitness and executive 
functions. While possible different mechanisms might be present between children and adults, 
muscular fitness training in adults increases concentration levels of neurotransmitters, such as 
the insulin-like growth factor I, which promotes neuronal survival, differentiation and growth 
(Liu-Ambrose & Donaldson, 2009). A meta-analytic study showed that combined muscular and 
cardiovascular training resulted in a larger improvement of executive functions [ES = 0.59], 
compared with cardiovascular training only [ES = 0.41] in older adults (Poulton et al., 2002). 
However, since muscular training is thought to merely prevent a cognitive decline in older 
adults (Liu-Ambrose & Donaldson, 2009), the improvement in executive functions might not 
be as effective within primary school children. This is supported by a study investigating the 
relationship between physical fitness and academic performance, using cardiovascular and 
muscular domains. It was found that the relationship between physical fitness and academic 
performance in third and fifth grade children was present for cardiovascular and not for 
muscular fitness (Castelli et al., 2007).
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Several limitations of the current study should be noted to provide a basis for further 
exploration. Although the current mediating variable analysis provides estimates of causal 
pathways, randomized controlled intervention studies are needed to provide insight into the 
actual causal effects of physical fitness on executive functions. Second, a binary classification 
of socioeconomic status is commonly used in literature (Chomitz et al., 2008), however, 
different results might have been observed when using a more continuous classification. The 
SDC classification is a standardized system in the Netherlands, used for the weighted student 
funding as a means of financing primary schools. The advantage of using such classification is 
that it can be obtained from the personal school file of the school administration record system 
without data loss. A more detailed discussion of the weighted student funding and the policy 
that introduced this classification can be found elsewhere (Driessen & Dekkers, 2008). We did 
not have access to more detailed socioeconomic data. The relative large sample of children, 
the multiple domains of physical fitness and executive functions, and the direct testing of the 
mediation effect using the bootstrapping approach are notable strengths of this study.

The current study showed that social disadvantage and aerobic capacity were related with 
cognitive flexibility; children with a social disadvantage or lower aerobic capacity scored 
lower on cognitive flexibility. Physical fitness did not mediate the relationship between 
social disadvantage and executive functions in children. Finding no relation between social 
disadvantage and physical fitness makes it likely that the lower performance on cognitive 
flexibility shown by SDC is explained by other factors, but does not take away the importance 
of cardiovascular fitness in executive functioning in children. Increasing cardiovascular fitness 
in both SDC as well as non-SDC might be beneficial for cognitive tasks that require cognitive 
flexibility.
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ABSTRACT

B ackground: Preventing overweight and improving physical fitness in primary school 
children is a worldwide challenge, and physically active intervention programs usually 
come with the cost of academic instruction time. This study aimed to investigate effects 

of physically active academic lessons on body mass index (BMI) and physical fitness in primary 
school children. Methods: Dutch children attending second- or third-grade class from 12 primary 
schools [N = 376, 8.1 ± 0.7 years] were randomly assigned to a 22-week intervention program or 
to the control group. In addition to measuring BMI before and after the intervention, physical 
fitness was measured with 5 items of the Eurofit test battery, measuring cardiovascular and 
muscular fitness. Results: Multilevel analysis showed a significant interaction effect between 
condition (intervention vs control) and grade [B = -0.47, p < 0.05]. For third-grade children, BMI 
of the intervention group did not change significantly during the intervention period, whereas 
a significant increase was found in the control group. No significant main or interaction effects 
were found for cardiovascular or muscular fitness. Conclusions: The current physically active 
academic lessons had positive effects on BMI in third-grade children, but had no effects on 
cardiovascular and muscular fitness. 
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INTRODUCTION

Overweight and obesity in primary school children are an important risk factor for numerous 
health problems, including a cluster of cardiometabolic risk factors such as hypertension, 
insulin resistance, and increased levels of blood lipids (Bailey et al., 2012; Boddy et al., 

2014). It is known that many of these risk factors persist into adulthood (Singh et al., 2008) and that 
physical inactivity in children contributes to the development of overweight and obesity (Dobbins et 
al., 2013). Nevertheless, primary school children in the Netherlands still spend the majority of their 
school time (66%) in sedentary activities and less than 5% in moderate to vigorous activities (van 
Stralen et al., 2014). The school setting is an important environment to promote physical activity 
and prevent overweight and obesity, because children spend a large part of their day in the school 
environment (Pate et al., 2006). In addition, physical activity in schools is associated with a higher 
on-task behavior (Mahar et al., 2006) and could also positively influence academic performance 
(Erwin et al., 2012). 

Preventing overweight by improving children’s body composition, as measured by body mass 
index (BMI), has proven to be difficult in school-based interventions (Demetriou & Höner, 2012; 
Harris et al., 2009). A meta-analysis that included randomized controlled trials and controlled 
clinical trials found no significant effect of a variety of physical activity interventions designed 
to improve BMI in children (Harris et al., 2009). A possible explanation for this finding is that 
the intensity of the physical activity was insufficient or that there may have been small effects 
in overweight children, but this effect is not likely to be found when studying the entire study 
population (Harris et al., 2009).

Regular physical activity in at least moderate to vigorous physical activity (MVPA) results in an 
improvement of cardiovascular fitness (Kristensen et al., 2010), which is an important predictor 
of physical health in children (Ortega et al., 2008). Six out of 11 intervention programs aiming to 
improve cardiovascular fitness through MVPA were effective according to a systematic review 
including controlled and randomized controlled trials within the school setting (Kriemler et al., 
2011). Although a general relationship between MVPA and cardiovascular fitness in children is 
weak to moderate (Kristensen et al., 2010; Strong et al., 2005), moderate to strong associations 
were found in children with initially low levels of physical activity [β = 0.63] (Kristensen et al., 
2010). This suggests that intervention programs might especially be effective in increasing the 
level of cardiovascular fitness in children with relatively low levels of physical activity or fitness. 

The focus of intervention programs is often limited to cardiovascular fitness, with less or no 
attention focused on muscular fitness (Kriemler et al., 2011). Including muscular fitness as one 
of the outcome measures is nevertheless recommended (Janssen & LeBlanc, 2010), given that 
an inverse association has been found between muscular fitness and metabolic risk factors, 
independent of cardiovascular fitness (Smith et al., 2014; Steene-Johannessen et al., 2009). 
Nevertheless, only 2 out of 11 intervention programs included muscular fitness (Kriemler et 
al., 2011). One study was unable to find a significant improvement in muscular fitness, while 
still finding an improvement in cardiovascular fitness (Sollerhed & Ejlertsson, 2008). The other 
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study did not find an improvement in both domains of physical fitness (Verstraete et al., 2007).
Given the competing curriculum demands and the high pressure on teachers to increase the 
academic performance (Erwin et al., 2012), programs that focus on improving physical fitness 
usually come with the cost of academic instruction time, making it difficult to implement. A 
more promising strategy is to include physical activity during learning activities in the classroom 
(Donnelly et al., 2009; Riley et al., 2014). Being physically active during a time in which the 
children are normally required to sit still may lead to a decrease in BMI and improvements 
in muscular and cardiovascular fitness. Previous literature has shown that after 8 months of 
physically active academic lessons (based on TAKE 10!), the BMI of 6- to 12-year-old girls who 
participated in the daily 10-minute intervention program significantly decreased (-0.47 kg/m2), 
compared to girls in the control group (0.66 kg/m2) (Liu et al., 2007). Another study has shown 
that similar physically active academic lessons significantly slowed the increasing rate of BMI 
(1.8 percentile increase of BMI for the intervention group vs 2.4 percentile increase for the 
control group) and showed significant positive results on reading, mathematics, and spelling 
(Donnelly et al., 2009). Effects on physical fitness were not included, and therefore, unknown at 
this point. Granted the inverse association with health and psychological risks, and the positive 
association with academic performance, effects on physical fitness are an important outcome 
measure for physically active academic lessons (Janssen & LeBlanc, 2010; Pate et al., 2006).

The aim of this study was to investigate effects of physically active academic lessons on BMI 
and physical fitness in primary school children in the Netherlands. It was hypothesized that 
being physically active during these lessons would decrease BMI and increase physical fitness. 
In addition, it was expected that possible effects are larger for children with an initially higher 
BMI and lower levels of physical fitness. This study is part of the project ‘‘Fit en Vaardig op 
school’’ (fit and academically proficient at school; F&V), which is a randomized controlled trial 
including a school-based intervention program for primary school children with the primary 
aim to improve academic performance. The intervention program contains lessons that include 
simple, individual physical exercises during routine learning activities such as mathematics, 

spelling, and reading tasks in the classroom (Mullender-Wijnsma et al., 2015).
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METHODS

Participants

D ata were obtained from 388 children across 12 different schools in the Northern part 
of the Netherlands. From every school, the second- or third-grade class was randomly 
assigned to the intervention group. Randomization was performed by the national 

Bureau for Economic Policy Analysis that was not involved in the study. The class that was not 
assigned to the intervention group formed the control group. Ten outliers and 2 children who 
attended less than 80% of the intervention lessons were excluded from further analyses. The 
final study sample consisted of 6 second and 6 third-grade classes in the intervention group (n 
= 181), and 6 second- and 6 third-grade classes in the control group (n = 195). The descriptive 
characteristics of the study population are shown in Table 4.1. No differences were found 
between the control and the intervention group, apart from age and grade. A higher percentage 
of third-grade children were included in the control group [B = -0.11, t(371) = 2.20, p < 0.05] 
and because of this, the control group was significantly older compared to the intervention 
group [B = -0.23, t(371) = 3.14, p < 0.05]. No significant age differences between the control 
and intervention group were found when investigating the second- [B = -0.09, t(185) = 1.05, p = 
0.297] and third-grade children [B = -0.13; t(181) = 1.27; p = 0.080] separately. Informed consent 
was obtained for all children.
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Table 4.1 Baseline characteristics of children in the intervention and control group.

Values are mean ± SD for continuous or n (%) for overweight, obesity, grade and sex.
n = number of participants.
aMultilevel regression analysis to account for clustered data.
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Instruments

Children were weighed to the nearest 0.1 kg (Model Clara 803, Seca, Chino, CA) and standing 
height was measured to the nearest cm using a portable stadiometer (Model Seca 220, Seca). 
Body mass index was calculated as weight (kg)/height (m2). Overweight and obesity were 
defined according to the reference values for BMI in children (Cole et al., 2000). Physical fitness 
was evaluated with 5 items of the Eurofit physical fitness test battery (Adam et al., 1988). The 
standardized and validated Eurofit test battery has been designed for assessment of health-
related fitness in both children as well as adults (van Mechelen et al., 1991). The selected 
items were 10 × 5 m shuttle run (10 × 5 m SR, speed-coordination, in seconds, s) and the 20 m 
endurance shuttle run (20 m SR, cardiorespiratory endurance, in number of completed stages) 
for measuring cardiovascular fitness. The standing broad jump (SBJ, explosive strength, in 
cm), sit-ups in 30 s (SUP, muscular endurance, in number of completed sit-ups), and handgrip 
strength (HG, static strength, in kg) were administered for measuring muscular fitness. The test-
retest reliability (r varied from 0.62 to 0.97) and construct validity of the 5 items are adequate 
for children (van Mechelen et al., 1991).

Procedure

F&V is a 2-year cluster-randomized controlled trial of a school-based intervention program, 
focusing on integrating physical activity into the routine academic lessons such as mathematics, 
spelling, and reading tasks in the regular education classroom. For example, the children had to 
solve a mathematical problem by giving the answer with the correct number of jumps (2 times 3 
is 6 jumps). Learning activities were matched with the regular learning activities, resulting in a 
different program for second- and third-grade children. The physical exercises were aimed to be 
of moderate to vigorous intensity, yet relatively easy to perform. Results of an implementation 
study showed that the MVPA engagement, measured during the lessons with heart rate monitors, 
was on average 64% of the time (around 16 minutes of MVPA) (Mullender-Wijnsma et al., 2015). 
Six substitute teachers, who were hired and trained to deliver the intervention lessons, took over 
the control of the classroom from the regular teacher during the lessons, which was delivered 
3 times a week, 30 minutes each time for 22 weeks. During each lesson, 10-15 minutes were 
spent on solving math problems followed by 10- 15 minutes on solving language problems. A 
detailed description of the intervention and its implementation has been described elsewhere 
(Mullender-Wijnsma et al., 2015). The physical fitness test battery was assessed during 2 regularly 
scheduled physical education classes at the start of the school year (pretest) and directly after 
the intervention period of 22 weeks (posttest). The 10 × 5 m SR, SBJ, SUP, and HG were assessed 
in a circuit form during one physical education class. The children were familiarized with the 
tests and were given one trial for the SUP and 2 trials for the 10 × 5 m SR, SBJ, and HG. The best 
performance was used for further analysis. During another class, the 20 m SR was assessed and 
BMI was obtained through height and weight measures. One trial was given for the 20 m SR. 
Height and weight were measured while the children were wearing gym clothes without shoes. 
Instructed researchers administered the test battery following the standardized protocol (van 
Mechelen et al., 1991) to ensure consistency in the test administration.
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Data analysis

Multilevel regression analyses were conducted for descriptive analyses and to assess the 
possible differences between the control and intervention group before the intervention, for 
second- and third-grade children separately. A random intercept was considered for each child 
(level 1) and for each school (level 2), to account for the common experience the children share 
within each school. The outcome measures of the pretest, BMI (kg/m2), SBJ (cm), SUP (n), HG 
(kg), 10 × 5 m SR (s), and 20 m SR (stage), were used as the dependent variables and condition 
(intervention or control) as the independent variable. To assess the possible differences 
between the intervention and control group after the intervention, multilevel regression 
analyses were conducted. A random intercept was considered for each child (level 1) and for 
each school (level 2). The outcome measure of the posttest (BMI, SBJ, SUP, HG, 10 × 5 m SR, or 20 
m SR) was treated as dependent variable and condition as an independent variable (condition 
model). Sex, age, grade, and the corresponding scores of the pretest were treated as covariates. 
To investigate whether there were different intervention effects for second-grade compared 
to third-grade children, the inclusion of the interaction between condition and grade was 
considered as an additional independent variable (condition × grade model). In the third and 
final model (condition × baseline model), the inclusion of the interaction between condition 
and pretest score was considered to investigate whether the possible effect of the intervention 
depended on the pretest scores. The model fit was evaluated by comparing the deviance of the 
covariates model, which included only the covariates, with the final model (Snijders & Bosker, 
2011). Statistical significance was adopted for all tests when p < 0.05. All statistical analyses 
were conducted using MLwiN (version 2.29).
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RESULTS

T able 4.2 shows the mean scores of the pretest for BMI and the domains of physical fitness. 
Within second-grade children and within third-grade children, no significant differences 
were found between the control and intervention group. This indicates that for BMI and 

for the domains of physical fitness, the control group did not differ from intervention group 
before the intervention. 

No significant difference was found between the intervention and control group on BMI posttest 
scores in the condition model (Table 4.3). Including condition and the interaction between 
condition and grade significantly improved the covariance model [∆χ2(2) = 6.7, p < 0.05]. The 
significant interaction between condition and grade [B = -0.47, t(369) = 2.03, p < 0.05] indicated 
that the intervention effect was different for third-grade compared to second-grade children. 
Figure 4.1 shows the predicted pretest and posttest BMI values based on the condition × grade 
model. Within the third grade, BMI of children in the control group increased significantly during 
the intervention period, whereas BMI of children in the intervention group did not change 
significantly. This interaction effect was not found within second-grade children. Including the 
interaction between condition and pretest scores did not improve the model, indicating that the 
intervention effect did not depend on the pretest scores. For the domains of physical fitness, 
including condition did not improve the model fit. This indicates that no significant differences 
were found on the posttest scores between the intervention and control group after controlling for 
sex, age, grade, pretest scores, and accounting for the clustered structure of the data. Including the 
interaction between condition and grade, or the interaction between condition and pretest scores, 
did not improve the model indicating that the effects did not depend on grade or pretest scores.
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Table 4.2 Comparison of the pretest scores for BMI and the domains of physical fitness for the control 
and intervention group.

Values are mean ± SD. No significant differences were found between the control and intervention group 
using multilevel regression analysis to account for clustered data.
n = number of participants, BMI = body mass index, SBJ = standing broad jump, SUP = sit-ups, HG = handgrip 
strength, 10 × 5 m SR = 10 × 5 m shuttle run, 20 m SR = 20 m endurance shuttle run.
aA higher score indicates a better performance. bA lower score indicates a better performance.
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Figure 4.1 Predicted pretest and posttest values for Body Mass Index (BMI) for second- and third-
grade children.

Pretest Posttest
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DISCUSSION

T he aim of this study was to investigate effects of physically active academic lessons on 
BMI and physical fitness in primary school children. It was hypothesized that possible 
effects are larger for children with an initially higher BMI and lower levels of physical 

fitness. The results of this study show that the physically active academic lessons had a 
significant effect on the BMI of third-grade children. The BMI of the intervention group did not 
change significantly, whereas a significant increase was found in the control group during the 
intervention period. No significant effects were found on physical fitness. 

Improving BMI through school-based interventions is known to be challenging and intervention 
studies were mostly unsuccessful (Demetriou & Höner, 2012; Harris et al., 2009). In this 
study, the BMI of the third-grade children in the intervention group did not change whereas 
the BMI of the control group increased, indicating that the lessons might prevent overweight 
and obesity in third-grade children. Previous literature argued that small effects of a subset 
of children in the intervention could not be noticeable in the assessment of the entire study 
population (Harris et al., 2009; Magnusson et al., 2012). A secondary aim of this study was 
therefore to investigate possible effects in children with initially higher BMI; however, no effect 
for children with initially higher BMI was found. The positive effects on BMI in third-grade 
children are comparable with the physical activity across the curriculum (PAAC) study, showing 
a significantly smaller increase in BMI for schools that delivered the lessons more than 75 
minutes per week after 3 years (Donnelly et al., 2009). Considering that the current lesson time 
was close to 75 minutes per week (Mullender-Wijnsma et al., 2015), this study has shown that 
positive effects on BMI can even be found after an intervention period of 22 weeks.

Physically active academic lessons also have the potential to improve physical fitness (Donnelly 
et al., 2009), but these effects have not been published in previous studies. This study showed 
that the intervention had no effect on muscular or cardiovascular fitness. A meta-analysis 
that investigated the effects of school-based physical activity programs argued that a lack of 
significant effects could be due to the intensity of the program (Harris et al., 2009). Heart rate 
monitoring results of the current lessons showed that the MVPA engagement was on average 16 
minutes (Mullender-Wijnsma et al., 2015). This duration of MVPA is comparable with the average 
time spend in MVPA during a physical education lesson in Dutch primary school children, which 
is around 18 minutes (Slingerland et al., 2011). School-based physical activity programs with 
comparable intensity and duration had a positive (Kriemler et al., 2010; Sollerhed & Ejlertsson, 
2008), or no effect on physical fitness in 6- to 12-year-old children (Boyle-Holmes et al., 2010; 
Verstraete et al., 2007). It therefore remains unclear which intensity and duration are needed to 
improve physical fitness in primary school children. Although more intense physical exercises 
of the lessons might have improved physical fitness, high intensity exercises during physically 
active academic lessons can have a negative impact on the academic tasks (Kamijo et al., 2004). 
Nonetheless, because the children are mostly physically inactive during the school time (van 
Stralen et al., 2014), the lessons likely decreased sedentary time which can have beneficial 
health effects in children (Verloigne et al., 2012).
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Limitations 

There are some limitations in this study that should be considered. Although this study 
controlled for several possible confounders such as sex, age, grade, and school, there are still 
some potential confounders that may have affected the results. We did not take into account 
differences in motivation for the exercises or after-school activities. It is therefore unclear 
whether or not the increase of physical activity during the school time affected the physical 
activity after school or during the weekends. The primary strengths of this study were the 
cluster-randomized controlled trial design and the fact that the program was integrated in the 
school curriculum and directed at all the children in the class, which avoided selection bias in 
the intervention group. 

Conclusions

The physically active academic lessons had positive effects on BMI in third-grade children 
during a time in which the children normally have to sit quiet, but the lessons did not affect 
physical fitness. The intensity of the lessons might need to be further increased in order to 
positively impact BMI and physical fitness in all children.

Implications

Children spend a lot of their school time in sedentary behavior (van Stralen et al., 2014). 
Reducing the time spend in this behavior and promoting physical activity during school time 
can have important health benefits. One of the biggest barriers for teachers to promote physical 
activity in primary schools are their own perceptions toward physical activity and their lack of 
knowledge about how to improve it (Riley et al., 2014). The current physically active academic 
lessons provide primary school teachers a novel strategy to integrate physical activity into the 
routine academic lessons that is both feasible and does not come with the cost of academic 
instruction time (Mullender-Wijnsma et al., 2015). A potentially important benefit that might 
lower the barriers for teachers (and school directors) is that physically active academic lessons 
might not only provide health benefits but might also enhance academic performance (Donnelly 
& Lambourne, 2011; Erwin et al., 2012; Riley et al., 2014). This study has shown that the current 
lessons have significant health benefits that are associated with an improved BMI in third-grade 
children. To improve physical fitness in children, the intensity of physically active academic 
lessons might need to be higher.
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ABSTRACT

I  ntegrating physical activity into the curriculum has potential health and cognitive benefits 
in primary school children. The aim of this study was to investigate the effects of physically 
active academic lessons on cardiovascular fitness, muscular fitness and executive functions. 

In the current randomized controlled trial, 499 second and third graders within 12 primary 
schools (mean age = 8.1 ± 0.7) were randomized to the intervention (n = 249) or control condition 
(n = 250). The physically active academic lessons were given for 2 consecutive school years, 22 
weeks per year, three times a week, with a duration of 20–30 min per lesson. Multiple tests 
were administered before, between and after the intervention period, measuring cardiovascular 
fitness, muscular fitness and executive functions. Multilevel analysis accounted for the nested 
structure of the children within classes and schools. Results showed a larger improvement in 
speed-coordination [B = -0.70, p = 0.002] and a lower improvement in static strength [B = -0.92, 
p < 0.001] for the intervention group compared with the control group. The current lessons did 
not result in a significant change in executive functions.
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INTRODUCTION

Reducing sedentary behavior and promoting regular participation in physical activity 
across the school day are essential goals to prevent chronic health conditions in 
children, including hypertension, insulin resistance and blood lipids (Bailey et al., 2012; 

Boddy et al., 2014). Emerging evidence has been collected showing that physical activity also 
has beneficial effects on cognitive performance in children (Donnelly & Lambourne, 2011; 
Tomporowski et al., 2015). Despite these benefits, Dutch children spend large amounts of 
their school-time (66%) in sedentary activities (van Stralen et al., 2014). Changing this pattern 
is difficult, given the concern in many primary schools over meeting the goals for academic 
achievement (Donnelly et al., 2013). An innovative strategy to reduce sedentary behavior and 
promote physical activity during school time is integrating physically active academic lessons 
into the curriculum (Norris et al., 2015). These types of educational lessons aim to incorporate 
physical activities with a moderate-to-vigorous intensity into the teaching of academic lesson 
content and do not come with the cost of academic instruction time. 

Although research on the effects of physically active academic lessons is still in its infancy, 
it is already known that children that participate in moderate-to-vigorous physical activity 
(MVPA) regularly, improve their cardiovascular fitness (Kriemler et al., 2010; Kristensen et al., 
2010). Considering the wide variety of physical exercises provided in physically active academic 
lessons, including lunges and squats, these lessons might also improve muscular fitness. This 
can result in additional physical health benefits, such as an improved bone health (Ortega et al., 
2008; Smith et al., 2014). 

The benefits of integrating physical activity into the curriculum might even extend beyond the 
physical health benefits. Emerging evidence indicates that physical activity is beneficial for 
academic achievement (Donnelly & Lambourne, 2011; Mullender-Wijnsma et al., 2015a) and 
executive functions (EF) in children (Best, 2010; Guiney & Machado, 2013; Sibley & Etnier, 
2003; Verburgh et al., 2014). EF are those cognitive processes that are needed for complex, 
goal-oriented cognition and behavior (Welsh et al., 2006) and consists of at least three 
related domains: inhibition, which is the ability to avoid dominant or automatic responses 
and suppressing environmental interference; working memory, which involves temporarily 
keeping relevant information and further processing this information; and cognitive flexibility, 
which require children to switch between multiple tasks (Diamond et al., 2007; Miyake et al., 
2000). Previous studies have shown that it is possible to improve EF in primary school children 
through a 9-month physical activity program, including at least 70 min of daily MVPA (Castelli 
et al., 2011; Hillman et al., 2014; Kamijo et al., 2011). The rationale for physical activity to 
improve EF in the long term is that regular participation in physical activity of moderate-to-
vigorous intensity results in improvements in physical fitness (Kriemler et al., 2010; Kristensen 
et al., 2010), leading to several physiological changes. Physical activity is thought to enhance 
the angiogenesis and neurogenesis in areas of the brain that support memory and learning 
(Chaddock et al., 2011), which in turn can increase the perfusion capacity in the brain, 
subsequently enhancing EF (Querido & Sheel, 2007; Verburgh et al., 2014). For example, an 
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increase in physical fitness is found to be associated with greater gray and white matter volume 
in the hippocampus and basal ganglia (Chaddock, Erickson, Prakash, VanPatter et al., 2010; 
Chaddock, Erickson, Prakash, Kim et al., 2010). To date, however, no studies have reported 
effects of physically active academic lessons on EF. 

The aim of this study was to examine the effects of physically active academic lessons on 
cardiovascular fitness, muscular fitness and EF after 2 years. It was hypothesized that physically 
active academic lessons improve physical fitness and EF. This study is part of the project ‘Fit 
en Vaardig op school’ (Fit and academically proficient at school; F&V), a cluster-randomized 
controlled trial (RCT), in which primary school children were randomly assigned to a control 
group or a 22-week classroom-based intervention program. A relatively large pilot-study in six 
schools has shown that the F&V lessons can be successfully implemented in the curriculum and 
improve academic performance in third grade children (Mullender-Wijnsma et al., 2015a). Sub-
analysis of the data collected in the first intervention year of the cluster-RCT showed an average 
MVPA engagement of 60% (Mullender-Wijnsma et al., 2015b).
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METHODS

Participants and study design

Based upon the results of the physical activity across the curriculum (PAAC) study, an 
effect size of 0.44 was expected (J. E. Donnelly and J. L. Greene, personal communication) 
(Donnelly et al., 2009). Assuming an average class size of 25 children, power analysis 

[power = 0.80; α = 0.05; 1-tailed; Intraclass correlation = 0.10] resulted in a required sample 
size of 10 intervention classes and 10 control classes (Spybrook & Raudenbush, 2008). Twelve 
primary schools in the Northern part of the Netherlands participated in the 2-year intervention 
program. A second or third grade class from each school was randomly assigned to serve as an 
intervention group. All children from that class participated in the intervention program. The 
class that was not assigned to the intervention group was automatically classified as the control 
group. In total, data from 499 primary school children were obtained. The mean (SD) age of the 
study population was 8.1 (0.7) years and included 226 boys (45.3%) and 273 girls (54.7%). After 
randomization, 249 children were in the intervention group and 250 in the control group (Table 
5.1). The control group consisted of a higher percentage of third grade children [χ2(1) = 5.22; p 
= 0.025] and was significantly older [t(497) = 2.24; p = 0.026] due to a difference in number of 
children within each class. No significant age differences were found when analyzing the second 
and third grade children separately. The intervention and control group were comparable on all 
other descriptive characteristics. In Figure 5.1 the number of participants are shown during each 
measurement period. Common reasons for not completing the tests were absence from school 
or leaving to attend another school. Due to circumstances not related to the intervention, two 
schools did not start the second intervention period, resulting in a lower sample size at T2 for both 
the control and intervention group. A loss of two schools was taken into account during the power 
analysis. Informed consent was obtained for all children and all procedures were approved by the 
institutional Ethics Committee of the Center for Human Movement Sciences of the University 
Medical Center Groningen, University of Groningen. 

Table 5.1 Baseline demographics of the included study population.

aIndependent t-test. bNon-parametric Chi-square test. cAccording to the reference values by Cole et al. (2012).
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Measurements
Cardiovascular and muscular fitness
Physical fitness consists of at least two related domains: cardiovascular fitness, the capacity of 
the cardiovascular and respiratory system to perform continuous strenuous physical exercise; 
and muscular fitness, the capacity to perform work against a resistance (Ortega et al., 2008). The 
10 × 5 m shuttle run (SR) (10 × 5 m SR, speed-coordination, in seconds) and the 20 m endurance 
SR (20 m SR, cardiorespiratory endurance, in number of completed stages) were administered 
for measuring cardiovascular fitness (de Greeff et al., 2014). Standing broad jump (SBJ, explosive 
strength, in cm), sit-ups in 30 s (SUP, muscular endurance, in number of completed SUP) and 
handgrip strength (HG, static strength, in kg) were administered for measuring muscular fitness 
(de Greeff et al., 2014). All tests were part of the standardized Eurofit test battery, which has 
been designed for the assessment of health-related fitness in both children as well as adults 
(Adam et al., 1988). Test-retest reliability [r between 0.62 and 0.97] and construct validity of all 
tests are adequate (van Mechelen et al., 1991). 

Executive functions
The Golden Stroop test was used to measure inhibition (Strauss et al., 2006). In the first 
condition, children had to read aloud the words from a word card (color words printed in 
black ink). In the second (congruent) condition, children had to name the colors of colored 
rectangles from a color card (solid rectangles printed in red, green, yellow or blue ink). In the 
final (incongruent) condition, children had to name the color of the ink in which the words 
were written (color words printed in red, green, yellow or blue ink in which the ink does not 
match the word). For each card, the time was limited to 45 s and the score ranged from 0 to 100 
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Figure 5.1 Flow chart showing the number of participants in each part of the study.
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correctly named words or colors. The Stroop interference score was calculated by subtracting 
the score of the incongruent condition from the score of the congruent condition (Strauss et al., 
2006). The test re-test reliability [r = 0.81] indicate that the Stroop interference score has a good 
reliability within children (Neyens & Aldenkamp, 1997). 

For working memory, the Digit span backward and Visual span backward were used (Wechsler, 
1987). The Digit span backward involved presenting a sequence of spoken digits by the 
instructor followed by asking the child to recall the sequence in a reverse order. The number of 
digits in a sequence increased from two to eight. The test stopped when the child failed to recall 
at least two out of the three sequences within a span. The score ranged from 0 to 21 correctly 
recalled sequences. One practice trial was given to ensure that the child understood the test. 
The Visual span backward involved tapping a sequence of squares by the instructor on a card 
containing eight printed squares, followed by asking the child to tap the same squares in a 
reverse order. The number of tapped squares in a sequence increased from two to seven and the 
test stopped when the child fails to recall two sequences with the same length. The score was 
the total correctly tapped sequences and ranged from 0 to 12. Test re-test reliability for the Digit 
span backward [r = 0.82] and Visual span backward [r = 0.75] indicate that both tests are reliable 
(Wechsler, 1987). In addition, the factor loadings with general working memory indicate that 
both the Digit span backward [loading = 0.75] and the Visual memory span [loading = 0.65] are 
a valid measure for working memory (Wechsler, 1987).

Cognitive flexibility was measured using a modified version of the Wisconsin card sorting test 
(M-WCST), which is more suitable for children compared with the regular version (Cianchetti 
et al., 2007). The instructor placed four stimulus cards on a table in front of the child. Each 
stimulus card contained a unique shape (triangle, cross, circle or star), a unique color (yellow, 
red, green or blue) and a unique number of shapes (one, two, three or four). The child was 
instructed to sort the 48 response cards according to one of the unique characteristics. The child 
was told whether the card was sorted correctly or incorrectly. Only one sorting rule applied, 
after six consecutive correct responses the sorting rule changed and the instructor instructed 
the child to find another rule. The test stopped when all 48 cards were sorted, or when the child 
sorted the cards according to six different rules. A categorizing efficiency score was calculated 
(Cianchetti et al., 2007), meaning that for every correctly sorted rule six points were awarded 
and one point for each of the 48 cards not used.

Intervention program

The intervention program had a duration of 2 school years (2012–13 and 2013–14), 22 weeks 
per year (October until May), and consisted of three F&V lessons per week. The F&V lessons had 
a duration of 20–30 min, with 10–15 min spend on solving mathematical problems and 10–15 
min spend on language. During the school holidays the lessons were not continued. Each F&V 
lesson was supported by a PowerPoint presentation and a manual describing the tasks in detail. 
In the first year, six primary school teachers were hired and trained to deliver the lessons. In the 
second year, the regular classroom teacher received a training in delivering F&V lessons and 
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was made responsible for delivering the lessons. All F&V lessons were cognitively matched with 
the development of the children at each grade level. The physical activities were aimed to be of 
moderate-to-vigorous intensity. During the F&V lessons all children started with performing a 
basic exercise, such as jogging, hopping in place or marching. A specific exercise was performed 
when the children solved an academic task. For example, for mathematics, children had to jump 
eight times to solve the multiplication ‘4 × 2’. For language, children had to perform a squat 
for every spelled letter in the word ‘dog’. After performing the specific exercise, children had 
to continue performing the basic exercise until the next academic task was shown. Heart rate 
monitoring results of the F&V lessons during the first intervention year of the cluster-RCT 
showed an average MVPA engagement of 60%, which can be translated in 14 min of MPVA 
per lesson (Mullender-Wijnsma et al., 2015b). A more detailed description of the intervention 
program and its implementation can be found elsewhere (Mullender-Wijnsma et al., 2015a; 
Mullender-Wijnsma et al., 2015b). 

Procedure

In October 2012 (T0), EF were individually assessed in a quiet room at the school by instructed 
researchers. Approximately 2 weeks later, muscular and cardiovascular fitness were assessed 
during two regular physical education classes. Each instructed researcher received a 2 h training 
to get familiar with the EF and physical fitness tests and were mostly blinded to the condition 
children had been allocated to (during 88.6% of the measurements). The 12 intervention classes 
followed the intervention program directly after the baseline measurements, while the 12 
control classes followed the regular lessons. In May 2013, 6 months after the start of the first 
intervention period (T1) and in May 2014 (directly after the second intervention period; T2), 
the children were tested using the same EF and physical fitness tests as was used during T0. 
During T1 and T2, assessments started with muscular and cardiovascular fitness to ensure that 
the physical fitness tests were administered as close to the start and end of the intervention 
program as possible. 

Statistical analysis

Preliminary descriptive statistics were performed using SPSS for Windows (Version 22.0). 
Independent t-tests were performed on each test of cardiovascular fitness, muscular fitness and 
EF, comparing the scores of intervention group with the control group at T0, T1 and T2. 

Multilevel regression analyses (MLwiN, version 2.29) were conducted for the main analysis. 
Multilevel analysis is particularly appropriate when using data with a nested source of variability, 
which is the case when studying children within multiple classes and schools (Snijders & 
Bosker, 2011). The outcome measures of the cardiovascular fitness tests (10 × 5 m and 20 m 
SR), muscular fitness tests (SBJ, SUP and HG) and the EF tests (Stroop test, Digit span, Visual 
span and M-WCST) at T2 were used as the dependent variables. For each dependent variable, 
three models were built in order to investigate the effects of the intervention on cardiovascular 
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fitness, muscular fitness and EF. The covariates model contained only measurement period 
(categorical; T0, T1 and T2), grade and sex as fixed effects. Model 1 contained condition 
(intervention or control) as an additional fixed effect. Model 1 was used to investigate whether 
the intervention group differed from the control group after 2 years. Model 2 contained 
condition and the interaction between condition and measurement period (Condition × T1 and 
Condition × T2) as additional fixed effects. Model 2 was used to investigate whether the possible 
effects after 1 year were different from the effects after 2 years. For each model, school (level 3), 
child (level 2) and measurement period (level 1) were treated as random effects. The model fit 
was evaluated by comparing the deviance of the covariates model with the deviance of Model 1 
and 2. Statistical significance was adopted for all tests when p < 0.05. 
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RESULTS

Descriptive statistics

T able 5.2 shows the results of the cardiovascular fitness, muscular fitness and EF outcomes 
at T0, T1 and T2. Children in the control group scored significantly higher on HG at T2 
[t(341) = 2.87; p = 0.004] compared with the intervention group. For the 10 × 5 m SR, the 

intervention group performed significantly lower compared with the control group at T0 [t(480) 
= -2.31; p = 0.021) and at T1 [t(453) = -2.55; p = 0.011]. No significant differences between the 
control and intervention group were found for SBJ, SUP and the 20 m SR. Also, no significant 
differences were found for the tests of EF.

Effects on cardiovascular and muscular fitness

Table 5.3 shows the effects of the intervention (Model 2) on the tests of cardiovascular and 
muscular fitness. For HG, Model 2 significantly improved the model fit compared with the 
covariates model [∆χ2(3) = 17.1; p < 0.001]. T2 [B = 3.26; p < 0.001] and the interaction Condition 
× T2 were significant [B = -0.92; p < 0.001], indicating that HG has improved at T2, but the 
improvement for the intervention group [B = 2.36] was significantly smaller than the control 
group [B = 3.26]. No differences between the groups were found at T0 and T1. For the 10 × 5 m 
SR, Model 2 showed a significant improvement in model fit compared with the covariates model 
[∆χ2(3) = 17.5; p < 0.001]. A significant effect was found for T2 [B = -0.85; p < 0.001], Condition 
[B = 0.65; p = 0.002] and the interaction Condition × T2 [B = -0.70; p = 0.002]. This indicates 
that at T0, the intervention group [B = 0.65] was significantly slower than the control group. 
At T2, scores for the intervention group [B = -0.90] did not differ significantly from the control 
group [B = -0.85]. In other words, the intervention group demonstrated a larger improvement 
on the 10 × 5 m SR after 2 years, compared with the control group. As their performance at T0 
was significantly lower, the intervention group did not score significantly higher at T2. For 20 
m SR, SBJ and SUP, adding condition to the model (Model 1), or adding the interaction between 
condition and the intervention period (Model 2) did not significantly improve the covariates 
model.

Effects on EF

For EF, neither adding condition to the model (Model 1), nor adding the interactions between 
condition and intervention period (Model 2) did significantly improve the covariates model 
for any of the tests (Table 5.4). This indicates that there were no differences between the 
intervention and control group during T0, T1 and T2. 
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Table 5.2 Mean scores on the domains of cardiovascular fitness, muscular fitness and executive 
functions at T0, T1 and T2, separated for the intervention and control group.

Values are mean (SD). 
M-WCST = modified Wisconsin card sorting test.
*Significant differences between control and intervention group with p < 0.05;**Significantly different at 
p < 0.01.
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DISCUSSION

T he aim of this study was to examine the effects of physically active academic lessons on 
cardiovascular fitness, muscular fitness and EF after 2 years. The results showed that, 
for cardiovascular fitness, a larger improvement in speed-coordination (assessed with 

the 10 × 5 m SR) was found in the intervention group, compared with the control group. For 
muscular fitness, a smaller improvement in static strength (assessed with HG) was found in the 
intervention group compared with the control group. For EF, no significant differences were 
found between the control and intervention group after 1 or 2 years. 

Although the intervention group had significantly lower baseline scores, the increase in speed-
coordination after 2 intervention years was larger for the intervention group compared with 
the control group. This larger increase for the intervention group could be due to the short 
intermitted nature of most of the physical activities during the physically active academic 
lessons. For example, the children had to spell a word by jumping in place for every mentioned 
letter. After spelling the word, children had to switch to jogging in place until the next word 
was shown. The intervention program did not result in an improvement of cardiorespiratory 
endurance (assessed with the 20 m SR) after 2 intervention years. A previous study has shown 
that a 9-month physical activity program, which provided first and fifth graders about 13 
min of additional in-school MVPA on a daily basis, resulted in a significant improvement of 
cardiovascular fitness (Kriemler et al., 2010). The children in this study engaged in similar 
amounts of MVPA per lesson, but the lessons were provided three times a week instead of daily. 
It is possible that the frequency of the physically active academic lessons was not enough to 
positively affect the scores of both tests measuring cardiovascular fitness. Several other studies 
recommended at least 30 min of daily MVPA to improve cardiovascular fitness in school-aged 
children (Hillman et al., 2014; Janssen & LeBlanc, 2010; Kamijo et al., 2011). We therefore 
hypothesize that future studies may need to focus on interventions programs that provide 
MPVA on a daily basis in order to positively affect cardiovascular fitness. 

It is widely assumed that physical activity has a positive effect on EF in children (Best, 2010; 
Guiney & Machado, 2013; Sibley & Etnier, 2003; Tomporowski et al., 2015; Verburgh et al., 
2014). A recent meta-analysis, investigating the effects of physical activity on EF, showed a 
moderate positive effect size for studies that measured EF directly (within minutes or hours) 
after a single short-term exercise bout [d = 0.57] (Verburgh et al., 2014). However, as a result 
of insufficient studies with a high-quality design, it is difficult to make conclusions about the 
effect of long-term physical activity interventions on EF (Chaddock et al., 2011; Guiney & 
Machado, 2013). This study showed that the children did not significantly improve on the four 
tests representing EF after 2 years. In contrast, a 9-month after-school physical activity program 
(FIT Kids program), including at least 70 min of MVPA per day, resulted in improvements in 
working memory (Hillman et al., 2014; Kamijo et al., 2011), inhibition and cognitive flexibility 
(Hillman et al., 2014). In addition, children participating in the FIT kids program improved their 
cardiovascular fitness (Hillman et al., 2014). A possible explanation for these conflicting results 
is that the effect of physical activity on EF could partly be mediated by cardiovascular fitness. 
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The cardiovascular fitness hypothesis states that changes in cardiovascular fitness, as a result of 
regular MVPA, leads to physiological changes in the brain structural network (Etnier et al., 2006). 
Examples of these physiological changes are an elevated cerebral blood flow and an increased 
concentration level of growth factors responsible for neurogenesis and the synaptic plasticity 
of the brain (Dishman et al., 2006; Hillman et al., 2008). The current intervention program, in 
contrast with the FIT Kids program, was unable to improve cardiovascular fitness, which might 
partly explain the lack of significant effects in the present study. However, more research on 
the mediating role of cardiovascular fitness in this age group needs to be undertaken before the 
effects of physical activity on EF is clearly understood. 

Some limitations should be considered for future research. First, despite randomly assigning 
the classes to either the control or intervention group, age and the number of second and 
third graders differed at baseline. As no age differences were found when analyzing the second 
and third grade children separately, the significant differences in grade likely resulted in 
the significant age difference. To control for these differences, grade was added as a control 
variable in the multilevel models. In addition, the intervention group performed lower on 
speed-coordination at baseline, compared with the control group. Although we controlled 
for differences at baseline in the multilevel models, the results need to be interpreted with 
caution. Second, it remains unclear whether or not physically active academic lessons affected 
the physical activity during out-of-school time. According to the ‘activitystat hypothesis’, 
children compensate the increased physical activity during one part of the day by a decrease 
in physical activity during another part of the day in order to maintain a particular physical 
activity set point (Ridgers et al., 2014; Rowland, 1998). It is therefore possible that the children 
in the intervention group were less active during out-of-school time because of the increase in 
physical activity during in-school time. Future intervention studies should therefore measure 
the time spend in out-of-school and in-school MVPA. Last, in the second intervention year the 
regular classroom teacher delivered the intervention instead of the hired teacher. Although the 
effects of the first intervention year did not differ from the second intervention year, this change 
in teacher could have confounded the efficacy of the delivery of the intervention. Strengths of 
this study were the RCT design and the large sample size.

In conclusion, our program provided a unique approach as it integrated physical activity into 
the teaching of academic lesson content. This study is, according to the authors knowledge, 
the first to report long-term effects of physically active academic lessons on cardiovascular 
fitness, muscular fitness and/or EF. Effects on cardiovascular and muscular fitness were small, 
but the intervention program resulted in an improvement in speed-coordination. The current 
lessons did not result in a significant change in EF. These results again highlight the difficulty 
to positively influence some of the health and cognitive aspects in primary school children. Our 
findings nevertheless provide important practical considerations for future studies that focus 
on physically active academic lessons. 
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SUMMARY OF THE MAIN FINDINGS

In Chapter 1 we hypothesized that physical fitness is a mediator between socioeconomic 
status (SES) and cognition (executive functions and academic performance). Physical 
fitness can only be considered a mediator when all relations between SES, physical fitness 

and cognition are significantly related with each other. Therefore, we started the research of 
the current thesis by first investigating the relationships between physical fitness, executive 
functions and academic performance in both socially disadvantaged children (SDC) and 
children without this disadvantage (non-SDC). The second purpose and the main aim of the 
current research, was to investigate the effects of physically active academic lessons on physical 
fitness and executive functions. 

Chapter 2 showed that SDC scored significantly lower on academic performance compared with 
non-SDC. Secondly, Chapter 2 showed that SDC and non-SDC did not differ on physical fitness 
and that within both SDC and non-SDC, cardiovascular fitness was positively related with 
mathematics. For spelling, the relationship with cardiovascular fitness was only found in non-
SDC and not in SDC. In Chapter 3 the two main findings were that SDC scored lower than non-
SDC on one of the domains of executive functions (cognitive flexibility) and that cardiovascular 
fitness was related with cognitive flexibility. The findings in Chapter 2 and 3 therefore indicate 
that SDC scored lower than non-SDC on cognitive flexibility and academic performance. SDC 
did not differ from non-SDC on physical fitness and therefore physical fitness is not a mediator 
between SES and cognition. Chapter 2 and 3 also indicate that physical fitness was related with 
multiple domains of cognition. From these findings we cannot confirm any type of causality, 
however, increasing cardiovascular fitness in both SDC as well as non-SDC might be beneficial 
for mathematics or cognitive tasks that require cognitive flexibility.

During this thesis, a 2-year classroom-based intervention program was developed that focuses 
on integrating physical activity into the routine academic lessons such as mathematics, spelling 
and reading (‘Fit en Vaardig op school’). In Chapter 4 and 5 the effects of these physically active 
academic lessons on BMI, physical fitness and executive functions are investigated. The two 
main findings from Chapter 4 are that after one intervention year, the lessons had no effects 
on cardiovascular or muscular fitness and a positive effect on BMI in third grade children. In 
this subgroup, BMI of the intervention group did not change, whereas BMI in the control group 
increased significantly. The main findings from Chapter 5 were that after two intervention 
years, the lessons had a positive effect on speed-coordination and a negative effect on static 
strength. The lessons had no effect on executive functions. 

Relationships between physical fitness, executive functions and academic performance 
in SDC and non-SDC

The current thesis shows that cardiovascular fitness was related with a specific domain of 
executive functions (cognitive flexibility) and with multiple domains of academic performance 
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(mathematics and spelling). These findings complement the results of previous studies 
which shows that improvements in cardiovascular fitness co-occur with improvements in 
the brain structural network responsible for learning, such as increased white matter in the 
hippocampus (Chaddock, Erickson, Prakash, Kim et al., 2010) and the basal ganglia (Chaddock, 
Erickson, Prakash, VanPatter, et al., 2010). These findings also provide some support for the 
cardiovascular fitness hypothesis (Etnier et al., 2006), which states that by being physically 
active regularly, cardiovascular fitness will improve which results in improvements in cognition. 
It is hypothesized that by being physically active regularly, cerebral blood flow increases and, 
in the long term, structural changes of the brain structural network occur which will result in 
cognitive improvements (Etnier et al., 2006). However, these cross-sectional relationships did 
not provide insight into the causality and further research is needed to support this hypothesis. 
It did however provide a good argument for starting a randomized controlled trial which 
investigates the effects of physical activity on cognition.

One of the additional questions in Chapter 2 and 3 was whether or not differences could be 
found between SDC and non-SDC in physical fitness, executive functions and academic 
performance. Previous literature has shown that SDC are at risk for low physical fitness levels 
(Duncan et al., 1994; Poulton et al., 2002) and score low on executive functions (Ardila et al., 
2005; Waber et al., 2006) and academic performance (Chomitz et al., 2008; Sirin, 2005). It was 
therefore hypothesized that SDC scored lower on physical fitness, executive functions and 
academic performance compared with non-SDC. Assuming that physical fitness is related with 
cognition, it was also hypothesized that a low physical fitness in SDC might partly explain their 
lower scores on executive functions and their low academic performance. The results in Chapter 
2 confirmed that SDC scored lower on all domains of academic performance (mathematics, 
spelling and reading) and the results in Chapter 3 confirmed that SDC scored lower on one of 
the domains of executive functions (cognitive flexibility). However, SDC did not score lower on 
physical fitness. These results indicate that the lower academic performance cannot be partly 
explained by physical fitness and physical fitness is therefore not a mediator between SES and 
cognition.

Effects of physically active academic lessons on physical fitness and executive functions

A 2-year classroom-based intervention program was developed that focuses on integrating 
physical activity into the routine academic lessons such as mathematics, spelling and reading 
(‘Fit en Vaardig op school’). The children in the intervention group participated in three 
physically active academic lessons per week with a duration of 20-30 minutes per lesson. After 
two intervention years (22 weeks per year), only small or no significant effects were found 
on physical fitness and executive functions. In addition, Chapter 4 showed that there we no 
differential responses by initial level of physical fitness. This indicates that there were also 
no effects on physical fitness or executive functions for the children with initial lower levels 
of physical fitness. Based on previous studies, larger effects on physical fitness and executive 
functions were expected. For example, a 9-month after-school physical activity program (FIT 
Kids program), including at least 60 min of MVPA per day, resulted in improvements in working 
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memory (Hillman et al., 2011; Kamijo et al., 2011), inhibition and cognitive flexibility (Hillman 
et al., 2011). Furthermore, the FIT Kids program also resulted in improved cardiovascular fitness 
(Kamijo et al., 2011). As was explained in Chapter 1, it was assumed that regular MVPA increases 
physical fitness which in turn leads to cognitive improvements. The fact that the physically 
active academic lessons did not result in improvements in physical fitness might explain the 
lack of significant improvements in executive functions. 

It is known that increasing physical fitness in preadolescent children can be challenging, because 
it is determined for a large part by other factors such as genetic factors. It is possible that the 
children already scored relatively high on physical fitness, making it difficult to improve it even 
further. However, in Chapter 2 the performance on physical fitness was compared with a relative 
large sample of 8-year-old Latvian children (Sauka et al., 2011), which showed that both SDC 
and non-SDC in the current research had lower cardiovascular and muscular fitness scores. In 
addition, Chapter 4 has shown that for children with initially lower levels of physical fitness 
or children with initially higher BMI no effects were found on physical fitness. An alternative 
explanation can be found when looking at the (internal) exercise load of the lessons which 
was objectively measured during the first intervention year with heart rate monitors. Although 
the differences in mean heart rate between children was large, heart rate monitoring results 
showed an average estimated MVPA engagement of 60%, which can be translated in 14 minutes 
of MVPA per lesson (Mullender-Wijnsma et al., 2015). It can be argued that an intervention 
program that provides an average of 14 minutes of extra in-school MVPA, three times a week, is 
not enough to improve physical fitness in this age range.

Conclusions and future recommendations

Research on integrating physical activity into academic lessons is in its infancy and the true 
potential has yet to be fully understood, but it has undoubtedly important potential value in the 
school curriculum. This research has shown that it is possible to implement physical activity 
into the classroom without the cost of academic instruction time. The current lessons provide 
primary school teachers a novel strategy to integrate physical activity into the regular academic 
lessons. By integrating physical activity into the academic content children were challenged and 
motivated throughout the schoolyear. After one intervention year, the lessons had a positive 
effect on BMI in third grade children. The lessons had small or no effects on physical fitness 
and no effect on executive functions. Despite these limited findings, the major strengths of the 
‘Fit en Vaardig op school’-project was that it used a cluster randomized controlled study design, 
a large sample size and a relative long intervention period, making it possible to draw strong 
conclusions from the data. 

The findings in the current thesis have also provided us some important suggestions for future 
directions. First, one of the challenges in this line of research is the difficulty in measuring 
executive functions in typically developing children. Although the tests are reliable and valid 
for preadolescent children (for details see method section in Chapter 3), the tests are originally 
developed for detecting deficiencies in a normal child’s brain (Pennington & Ozonoff, 1996). It 
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is unknown how suitable the tests are in measuring changes over time in preadolescent children 
without deficiencies. Chapter 5 showed that grade was a significant predictor for the scores on 
all of the tests for executive functions, indicating that third grade children scored significantly 
higher on all tests compared with second grade children. It is therefore likely that the tests 
are sensitive enough to detect developments in executive functions after one schoolyear. It is 
possible that a smaller but still relevant increase in performance cannot be detected by the tests 
used in the current thesis.

Second, the finding that physically active academic lessons did not improve physical fitness 
highlight the difficulty to positively influence physical fitness in primary school children. 
Recently, an increasing number of studies are beginning to question whether it is crucial to 
increase physical fitness in order to achieve cognitive benefits (Koutsandreou, 2016; Pesce, 
2013). It is possible that the cognitive demands of physical activity moderate the effect of 
physical activity on cognitive functions. This indicates that physical activity programs with a 
high cognitive engagement (e.g. motor coordination or complex coordinative exercises), rather 
than low cognitive engagement (e.g. repetitive and nonadaptive exercises) might enhance 
cognitive performance. Future research should therefore not only focus on the quantitative 
characteristics of physical activity (i.e. dose-response relations between physical activity and 
cognitive performance), but also on the qualitative characteristics of physical activity (i.e. type 
of physical activity) (Pesce, 2012). To further understand the effects of physical activity on 
cognition in primary school children, we will therefore examine the effects of two intervention 
programs with different cognitive demands (aerobic exercise versus coordinative exercise) on 
cognitive performance.
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NEDERLANDSE SAMENVATTING

Het is al bekend dat wanneer kinderen regelmatig matig tot intensief bewegen het risico 
op negatieve gezondheidseffecten zal afnemen (bijvoorbeeld hart- en vaatziekten).  
Daarom adviseert de Wereldgezondheidsorganisatie (Engels: World Health 

Organization, WHO) kinderen om per dag 60 minuten te besteden aan matig tot intensieve 
fysieke activiteit. Het aantal Nederlandse kinderen dat de dagelijkse norm van een uur bewegen 
haalt is in de periode van 2000 tot 2014 echter afgenomen, terwijl de tijd die kinderen spenderen 
aan fysieke inactiviteit is toegenomen. Aangezien een fysiek inactieve levensstijl tijdens de 
basisschoolperiode een belangrijke voorspeller is voor een inactieve levensstijl op volwassen 
leeftijd, is het noodzakelijk om al tijdens de basisschoolperiode effectieve strategieën te 
implementeren die de mate van fysieke activiteit verhogen.  

Er is ook steeds meer bewijs dat regelmatig matig tot intensief bewegen de cognitieve functies 
kan verbeteren, met name de executieve functies. Executieve functies zijn cognitieve processen 
die het mogelijk maken dat een kind doelgericht bezig is en bestaan in dit proefschrift uit drie 
gerelateerde componenten: Inhibitie, werkgeheugen en cognitieve flexibiliteit. Uit eerder 
onderzoek is al gebleken dat executieve functies een belangrijke voorwaarde vormen voor het 
leerproces van kinderen en dat er een sterke positieve relatie is tussen executieve functies 
en schoolprestaties. Schoolprestaties worden in dit proefschrift gedefinieerd als prestaties 
op vaardigheden die op de basisschool geleerd worden en bestaan in dit proefschrift uit drie 
onderdelen: rekenen, spelling en lezen. De hypothese is dat regelmatig matig tot intensief 
bewegen een verbetering in fysieke fitheid oplevert en dat deze verbetering ervoor zorgt dat de 
executieve functies verbeteren. Fysieke fitheid is het vermogen om fysieke activiteit te kunnen 
leveren en wordt in dit proefschrift opgedeeld in drie gezondheid gerelateerde componenten: 
Uithoudingsvermogen, kracht en Body Mass Index (BMI). Om deze hypothese te toetsen is, 
als onderdeel van de studie ‘Fit & Vaardig op school’, een interventieprogramma ontwikkeld 
waarbij matig tot intensieve fysieke activiteit wordt geïntegreerd in de taal- en rekenlessen. 
Tijdens de reken- en taalles zijn de kinderen van groep 4 of groep 5 van 12 basisscholen drie 
keer per week, gedurende 30 minuten, matig tot intensief aan het bewegen.

Mogelijke voordelen van fysiek actieve taal- en rekenlessen zijn maatschappelijk gezien 
voornamelijk belangrijk voor kinderen met een lage sociaaleconomische status (SES). 
Basisschoolleerlingen waarvan de ouders een (zeer) laag opleidingsniveau hebben 
(achterstandsleerlingen) zijn vaak minder fit en hebben over het algemeen lagere 
schoolprestaties dan basisschoolleerlingen zonder deze achterstand. Deze academische 
prestatiekloof ontstaat tijdens de basisschoolperiode, loopt door tijdens de adolescentie en 
wordt vaak niet meer ingehaald. Dit kan grote sociale en economische gevolgen hebben voor 
het kind. In de studies beschreven in de eerste twee hoofdstukken van dit proefschrift is eerst 
onderzocht of achterstandsleerlingen lager scoren op fysieke fitheid, executieve functies 
en schoolprestaties dan leerlingen zonder deze achterstand. In hoofdstuk 3 en 4 zijn studies 
beschreven waarin de effecten zijn onderzocht van de fysiek actieve taal- en rekenlessen op 
fysieke fitheid en executieve functies.
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Hoofdstuk 2 beschrijft een cross-sectionele studie waarin is onderzocht of er een verband 
is tussen SES (vastgesteld op basis van opleidingsniveau van de ouders) en schoolprestaties, 
tussen SES en fysieke fitheid en tussen fysieke fitheid en schoolprestaties. De resultaten laten 
zien dat achterstandsleerlingen significant lager scoren op reken-, spelling- en leesvaardigheid 
vergeleken met kinderen zonder achterstand, maar dat ze geen lagere fysieke fitheid hebben. 
Ook is er aangetoond dat uithoudingsvermogen is gerelateerd aan rekenvaardigheid. 
Uithoudingsvermogen is ook gerelateerd aan spelling, maar alleen voor kinderen zonder 
achterstand. Fysieke fitheid is niet gerelateerd aan leesvaardigheid.

Hoofdstuk 3 beschrijft een cross-sectionele studie waarin het verband tussen SES en executieve 
functies is onderzocht en of dit verband samenhangt met fysieke fitheid. Uit deze studie blijkt 
dat achterstandsleerlingen lager scoren dan leerlingen zonder achterstand op één van de drie 
onderdelen van executieve functies, namelijk cognitieve flexibiliteit. Achterstandsleerlingen 
scoren niet lager dan kinderen zonder achterstand of hoger op inhibitie of werkgeheugen. 
Daarnaast is aangetoond dat uithoudingsvermogen is gerelateerd aan cognitieve flexibiliteit. 
Met deze bevindingen kan geen causaliteit worden aangetoond, maar het verbeteren van 
uithoudingsvermogen bij zowel achterstandsleerlingen als leerlingen zonder achterstand zou 
een verbetering van rekenvaardigheid en cognitieve flexibiliteit kunnen opleveren.  

Om de executieve functies en schoolprestaties te verbeteren hebben we een 2-jarig 
interventieprogramma ontwikkeld en uitgevoerd waarbij fysieke activiteit werd geïntegreerd 
in de reguliere taal- en rekenlessen (‘Fit en Vaardig op school’). Deze lessen werden 3 keer per 
week in het klaslokaal gegeven, met een totale duur van 22 weken per jaar. Elke les bestond uit 
10-15 minuten rekenen, gevolgd door 10-15 minuten taal. Op het digitale schoolbord werden de 
taal- en rekenopdrachten samen met de fysieke oefeningen zichtbaar gemaakt. Zo moesten de 
kinderen bijvoorbeeld een woord spellen door een sprong te maken bij elke uitgesproken letter of 
moesten ze antwoord geven op een rekensom door het juiste aantal keer een wisselsprong uit te 
voeren. De nadruk van de lessen lag op het automatiseren en herhalen van de lesstof. Hoofdstuk 
4 en 5 beschrijft de cluster-gerandomiseerde studies waarin de effecten van deze lessen op BMI, 
fysieke fitheid en executieve functies zijn onderzocht. Hieruit blijkt dat kinderen die deelnemen 
aan het interventieprogramma niet significant meer vooruit gaan op uithoudingsvermogen of 
kracht dan kinderen die dit programma niet volgen. Daarnaast blijkt dat na 1 jaar de BMI van de 
kinderen in groep 5 die het interventieprogramma niet volgen significant omhoog gaat, terwijl 
de BMI van de kinderen in groep 5 die het interventieprogramma wel volgen gelijk blijft (hoe 
hoger de BMI, hoe groter de kans op overgewicht en obesitas wordt). De kinderen in groep 5 die 
het interventieprogramma volgen hebben dus een lagere kans op overgewicht en obesitas. Na 2 
interventiejaren blijkt dat kinderen die het interventieprogramma volgen meer vooruitgaan op 
snelheid/wendbaarheid, maar minder vooruit gaan op statische kracht dan de kinderen die het 
interventieprogramma niet volgen. Er zijn geen verschillen gevonden voor executieve functies. 

Onderzoek naar fysiek actieve taal- en rekenlessen staat nog in de kinderschoenen, maar 
het huidige proefschrift laat zien dat fysieke activiteit kan worden geïmplementeerd in het 
taal- en rekenonderwijs. Concluderend kan gesteld worden dat achterstandsleerlingen niet 
minder fit zijn dan kinderen zonder deze achterstand. Daarnaast hebben de fysiek actieve 
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taal- en rekenlessen met de huidige intensiteit en frequentie weinig effecten opgeleverd 
voor wat betreft de fysieke fitheid en executieve functies. Recentelijk onderzoek laat zien dat 
het verbeteren van fysieke fitheid niet noodzakelijk is voor het verbeteren van executieve 
functies bij basisschoolkinderen. Bovendien is het mogelijk dat cognitief uitdagende fysieke 
activiteit wellicht meer effect oplevert op executieve functies dan fysieke activiteit gericht op 
het verbeteren van fysieke fitheid. Vervolgonderzoek zou zich daarom kunnen richten op het 
vergelijken van fysieke activiteiten met een verschillende mate van cognitieve uitdaging.
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kwam, je man en kinderen kon ontmoeten, toen heb ik je pas echt leren kennen. Je focus en je 
doorzettingsvermogen is enorm en ik heb veel van je kunnen leren. Je bent fantastisch om mee 
samen te werken.

Beste prof. dr. Chris Visscher, mijn promotor. Jij hield de grote lijnen in de gaten en daagde mij 
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Ik wil alle studenten, testleiders, interventieleerkrachten, directeuren, leerkrachten en 
de kinderen die mee hebben gedaan aan het onderzoek enorm bedanken voor jullie inzet 
en gezelligheid. In het bijzonder wil ik Grietje en Lidewij bedanken. Jullie waren de eerste 
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momenten. Daarnaast wil ik de mensen van de technische ondersteuning, Wim, Emyl, Henry 
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