Active commuting to school, cognitive performance, and
academic achievement:
Citation for published version (APA):
Van Dijk, M., De Groot, R., Van Acker, F., Savelberg, H. HCM., & Kirschner, P. A. (2014). Active commuting to
school, cognitive performance, and academic achievement: an observational study in Dutch adolescents using
accelerometers. BMC Public Health, 14, 1-11. [799]. https://doi.org/10.1186/1471-2458-14-799

DOI:
10.1186/1471-2458-14-799
Document status and date:
Published: 05/08/2014
Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be important differences between
the submitted version and the official published version of record. People interested in the research are advised to contact the author for the
final version of the publication, or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
https://www.ou.nl/taverne-agreement
Take down policy
If you believe that this document breaches copyright please contact us at:
pure-support@ou.nl
providing details and we will investigate your claim.

Downloaded from https://research.ou.nl/ on date: 10 May. 2021

Open Universiteit
www.ou.nl

Van Dijk et al. BMC Public Health 2014, 14:799
http://www.biomedcentral.com/1471-2458/14/799

RESEARCH ARTICLE

Open Access

Active commuting to school, cognitive
performance, and academic achievement: an
observational study in Dutch adolescents using
accelerometers
Martin L Van Dijk1*, Renate HM De Groot1, Frederik Van Acker1, Hans HCM Savelberg2 and Paul A Kirschner1

Abstract
Background: The current study examined the associations between active commuting to school, cognitive
performance, and academic achievement in Dutch adolescents. In addition, it was explored whether these
associations were moderated by sex and mediated by depressive symptoms.
Methods: Students in grades 7 and 9 (N = 270; mean age 13.4 years; 53% boys) were included. Active commuting
to school was measured objectively by an ActivPAL3™ accelerometer. Cognitive performance was measured by
the d2 Test of attention (key components of executive functioning) and the Symbol Digit Modalities Test
(information-processing speed). Academic achievement was determined by the mean of the school grades
obtained in Dutch, mathematics and English. Depressive symptoms were self-reported.
Results: Active commuting to school constituted 28% of the total amount of time spent moving per week.
Active commuting to school was not significantly associated with cognitive performance and academic
achievement, overall. However, active commuting to school was positively associated with performance on the
d2 Test of attention in girls (β = .17, p = .037), but not in boys (β = −.03, p = .660). The associations were not
mediated by depressive symptoms.
Conclusions: The associations between active commuting to school and cognitive performance and academic
achievement are weak and might be moderated by sex, while the greatest benefits on cognition due to active
commuting to school might be with regard to executive functioning. Future studies might make use of
experimental designs, because causal relations between active commuting to school and cognitive performance
or academic achievement would provide important implications for both education and public health.
Keywords: Exercise, Physical activity before school, Accelerometry, Executive functioning, School performance,
Youth

Background
An increasing amount of literature investigates the correlations between active commuting to school (i.e. walking,
cycling and other forms of non-motorised transportation)
and health outcomes. For example, active commuting to
school is positively associated with cardiovascular fitness
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[1] and negatively associated with overweight [2]. In
addition, active commuting to school is an opportunity
to increase physical activity levels [3]. Physical activity
in turn has been shown to have positive effects on
brain structures [4] as well as on cognitive performance [5] and academic achievement [6] in adolescents.
As a result, habitual active commuting to school activity may be positively associated with physical activity
levels, and consequently cognitive performance and academic achievement in adolescents. Furthermore, active
commuting to school can be considered as an acute bout

© 2014 Van Dijk et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Van Dijk et al. BMC Public Health 2014, 14:799
http://www.biomedcentral.com/1471-2458/14/799

of exercise immediately before the start of school. An
acute bout of exercise may immediately increase several
cognitive functions [7], which may enhance academic
achievement [8]. Therefore, active commuting to school
may have acute positive effects on daily cognitive performance at school, and consequently long-term academic
achievement. Taken together, habitual active commuting
to school might have long-term positive effects on cognitive performance and academic achievement by increasing
physical activity levels, as well as long-term positive effects
on academic achievement by increasing daily cognitive
performance at school.
To the best of our knowledge, no study so far investigated the association between active commuting to
school and academic achievement, while only one study
has examined the association between active commuting
to school and cognitive performance in adolescents [9].
In this study conducted by Martinez-Gomez et al. [9],
active commuting to school was measured subjectively
by self-report, which has several limitations [10]. Therefore, we used an objective instrument to measure active
commuting to school and investigated the associations
with both cognitive performance and academic achievement in Dutch adolescents.
Martinez-Gomez et al. [9] found that self-reported active commuting to school was positively associated with
cognitive performance in Spanish adolescent girls, but
not in boys. In addition, girls who reported spending
more than 15 minutes in active commuting to school
per day had better cognitive scores than those who spent
less than 15 minutes in daily active commuting to
school. The authors suggested that this sex-specific effect might be caused by brain-derived neurotrophic factor
levels, which are negatively associated with depressive
symptoms (improved psychological well-being) in female,
but not in male, mice [11]. As physical activity increases
brain-derived neurotrophic factor levels [12], physical activity may decrease depressive symptoms (i.e. improve
psychological well-being) in girls, but not in boys. Moreover, as depressive symptoms are negatively associated
with cognitive performance [13] and academic achievement [14] in adolescents, physical activity may have beneficial effects on cognitive performance and academic
achievement in adolescent girls, but not in boys. In
addition, adolescent girls report higher levels of depressive
symptoms than adolescent boys [15]. Therefore, the beneficial effects of physical activity on depressive symptoms,
and consequently cognitive performance and academic
achievement, might also be greater in girls than in boys.
As a result, the association between active commuting to
school and psychological well-being might be greater in
girls than in boys, resulting in a positive association between active commuting to school and cognitive performance in girls, but not in boys [9].
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In this study, we investigated the associations between
habitual active commuting to school and cognitive performance and academic achievement in Dutch adolescents. In addition, we explored whether these associations
were moderated by sex and mediated by depressive symptoms. We measured active commuting to school objectively using an ActivPAL3™ accelerometer. Results were
controlled for covariates related to physical activity and
cognitive performance or academic achievement, such as
sex, ethnicity, socioeconomic status (SES), and body mass
index (BMI) [5,16,17]. We hypothesised positive dose–response associations between active commuting to school
and cognitive performance and academic achievement, in
accordance with the findings of Martinez-Gomez et al. [9].
In addition, on the basis of the executive function hypothesis, we expected to observe the greatest cognition improvements in the area of executive functioning [18].
Finally, the greatest improvements in academic achievement due to physical activity have previously been found
in mathematics [19], so we also separately analysed the association between active commuting to school and mathematics performance.

Methods
Study design and participants

Data were gathered as part of The GOALS (Grootschalig
Onderzoek naar Activiteiten van Limburgse Scholieren
[Large-scale Research of Activities of Limburgs Students]) Study, which was primarily designed to investigate
the associations between physical activity and cognitive
performance and academic achievement in adolescents.
This cross-sectional study was conducted at a secondary
school in Heerlen, The Netherlands. Data collection
took place from October 2011 to March 2012. All students (N = 526) in grade 7 and grade 9 of senior general
secondary education or university preparatory education
level were invited to participate. The local Ethical Committee of the Open University (reference number: U2013/
07405/HVM) of the Netherlands approved the study.
A sample of 440 students (83.7%) was willing to participate. Of these, 8 were excluded from the analyses because of health or concentration problems, 8 because of
injuries or illnesses throughout the entire week, and 8
due to measurement failures of the accelerometer during
the data collection week. Moreover, 146 participants did
not wear the accelerometer on at least three valid weekdays and were therefore also excluded, leaving a total of
270 students in the analyses.
Procedures

Before the start of the study, information regarding its
background, goals and procedures was distributed to
students in the selected classes. An invitation for an informative presentation on the study was attached for the

Van Dijk et al. BMC Public Health 2014, 14:799
http://www.biomedcentral.com/1471-2458/14/799

students’ parents/guardians. All students in the selected
classes participated in the study, unless their parents/
guardians signed an objection form or they themselves
had serious objections to doing so. No written informed
consent for participation in the study was obtained from
the students or their parents/guardians, which was decided
in consultation with the Ethical Committee. The Ethical
Committee argued that this observational study did not
impact health, the school programme or academic achievement of the students, and therefore decided that an informed consent was not necessary. In addition, the
participation rate of 83.7% of the invited students indicates that both parents/guardians and students also argued that this study had no significant impact. As far as
possible, data were collected by the same research assistants, who were trained in the standard protocols and
were given standardised instructions to use.
During a normal gym class, accelerometers were taped
on the midpoint of the anterior part of the right thigh of
the participants using Tegaderm™ (3M, St. Paul, MN)
transparent film roll. The participants were asked to wear
the device continuously for one full week, 24 hours/day.
To increase compliance, participants were allowed to shift
the device to the left thigh when it irritated their skin.
Prior to the study, an almost perfect Pearson’s correlation
(r = .997, p < .001) in number of accelerometer steps between the left and right thigh was found in a pilot study
conducted in 23 students wearing an ActivPAL3™ accelerometer on both legs for one complete day. After attaching
the accelerometers, participants took a 20-m shuttle-run
test and then completed several questionnaires. They were
also asked to keep a diary during the full week, in which
they recorded their active commuting to school activities
as well as relevant details, such as problems with the accelerometer, illness or injuries. At week 2, exactly 1 week
later, the participants completed two neuropsychological
tests; the d2 Test of attention and the Symbol Digit Modalities Test. Finally, the participants returned their accelerometers and diaries. After completing the study, participants
received a gift voucher to the value of 15 euro in return for
full participation. At the end of the academic year, school
grades throughout that year were provided by the school.
Instruments
Active commuting to school

The ActivPAL3™ accelerometer (Paltechnologies, Glasgow,
UK) was used to measure habitual active commuting to
school activity. This small device (53 × 35 × 7 mm)
was attached at the right thigh of the participants and
measured the movements of the upper leg during a
variety of activities, such as walking and cycling to
school. Data were recorded at 20 Hz and summarized
in 15-second time intervals (epochs). Data output for
each epoch included number of steps, energy expenditure
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(metabolic equivalent/h), and time spent sitting/lying,
standing, and moving.
The total amount of moving time (i.e. minutes spent
moving) on weekdays between 7:00 a.m. and 8:40 a.m.
was used as measure of habitual active commuting to
school activity. This period was representative for active
commuting to school activity, because the students reported, except of active commuting to school, no other
physical activities before school. In addition, the ActivPAL3™ accelerometer daily overviews showed that active
commuting to school contained almost the entire
amount of moving time before school, see for examples
Figure 1a-d. Starting point of 7:00 a.m. was chosen, because the accelerometer daily overviews showed that active commuting to school started at 7:00 a.m. at the
earliest (see Figure 1a, for example), so all the active
commuting to school activity was included. The students’ first lesson of the school day started at 8:30 a.m.;
however, to prevent an underestimation of active commuting to school activity in students arriving at school
too late, 8:40 a.m. was used as cut-off point of the active
commuting to school period.
Habitual active commuting to school activity was estimated on a minimum of three valid weekdays when the student wore the accelerometer the whole day (24 hours/day).
Because the accelerometer was taped at the thigh of the students, non-wear time was not an issue. Nevertheless, we
used the weekly overviews of the accelerometer data to determine whether the students removed the accelerometer
during the week, a detailed description has been described
elsewhere [5]. Weekdays were included when a student’s
first lesson began with the first period of the school day
(i.e., 8:30 a.m.). The school timetable, students’ diaries
(filled in during the data collection week) and accelerometer daily overviews were used to determine whether a
student’s first lesson started at 8:30 a.m. Using the accelerometer daily overviews, weekdays were removed when the
accelerometer data clearly showed that a student’s first
lesson did not start at 8:30 a.m. (see Figure 1b compared
with Figure 1c, for example). Weekdays were not removed
when it was clear from the accelerometer daily overviews
that a student’s first lesson started at 8:30 a.m., despite
large differences in active commuting to school activity
for the same student compared with other weekdays.
Large within-subject weekday differences were possible,
for example because some students went to school by bus
or car one weekday and by bicycle another weekday (see
Figure 1b compared to Figure 1d, for example). Because
of the large within-subject weekday differences, we decided that at least three valid weekdays had to be available
to determine active commuting to school, according to
previous research of Borrestad et al. [20]. In addition,
paired sample t-tests showed no significant differences
(p > .05) in active commuting to school activity between
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A. Student 2033. Active commuting to school started B. Student 2108 at Monday. First lesson started at 8:30
this weekday around 7:00 a.m. and ended it around
8:00 a.m.

a.m. Student reported in his/her diary going to school by
bicycle this weekday.

C. Student 2108 at Friday. This weekday was

D.Student 2108 at Thursday. First lesson started at

excluded. First lesson clearly did not start at 8:30
a.m., but at 9:20 a.m. Notice this weekday started
approximately 50 minutes (duration of one school
lesson) later than at Monday (Figure Ib).

8:30 a.m. Student reported in his/her diary going to
school by car this weekday. Notice the large difference
in amount of physical activity compared with Monday
(Figure Ib).

Figure 1 Daily overviews between 6:00 a.m. and 11:00 a.m. of the accelerometer data. Yellow colour represents sitting/lying, green colour represents
standing, red colour represents physical activities, such as walking or cycling to school. Higher and darker lines illustrate higher amount of physical activity.

the weekdays, therefore we concluded that three random
weekdays were appropriate for determining active commuting to school.
Finally, to estimate the total amount of habitual active
commuting to school activity per week, the total amount
of time spent active commuting to school was computed
assuming a round-trip, according to research of TudorLocke et al. [21]. As a result, the mean moving time on
weekdays between 7:00 a.m. and 8:40 a.m. was multiplied by five (the number of weekdays per week) and
multiplied by two (to compute a round-trip). In formula:
habitual active commuting to school activity = mean
moving time (minutes) on weekdays between 7:00 a.m.
and 8:40 a.m. * 5 (weekdays) * 2 (round-trip).

Cognitive performance

The d2 Test of attention [22] was selected as measure of
response inhibition [23] and selective attention [24],
both key components of executive functioning [25]. The
d2 Test of attention is a widely used neuropsychological
test and the construct validity has been well supported
in several European samples [24]. The d2 Test of attention consists of 14 rows, each with 47 interspersed ‘p’
and ‘d’ characters. The characters had one to four dashes
configured individually, or in pairs, above and/or below
each letter. The target symbol was a ‘d’ with two dashes
(hence ‘d2’), regardless of whether or not both the
dashes appeared above the ‘d’, both appeared below the
‘d’, or one appeared above and one appeared below the
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‘d’. The participants’ task was to cross out as many target symbols as possible, moving from left to right, with a
limit of 20 seconds/row. No pauses were permitted. An
overall performance score was calculated by the total
number of correctly crossed-out symbols minus the total
number of incorrectly crossed-out symbols.
The Symbol Digit Modalities Test [26] was selected as
measure of information-processing speed. The Symbol
Digit Modalities Test is widely used in many studies in
children and adolescents and has shown good reliability
(ICC > 0.87) in young adults [27]. This test contains nine
numbers coupled with nine symbols in a random order
on the top of a page. On the remainder of the page,
boxes are presented with symbols only. Participants were
asked to fill in as many corresponding numbers as possible within 90 seconds. The total number of digits correctly coupled to symbols was scored.
Academic achievement

The school provided school grades (ranging from 1.0 = very
bad, to 10.0 = outstanding) at the end of the academic year.
The mean of the school grades in Dutch (native language),
mathematics and English as a modern foreign language was
used as measure of academic achievement. We expected to
observe the greatest effects of active commuting to school
on mathematics performance, as this is significantly correlated with all measures of executive functioning [28]. Therefore, the mean school grade for mathematics was analysed
separately as an indication of executive functioning.
Depressive symptoms

The Center for Epidemiologic Studies of Depression Scale
(CES-D) was selected as measure of experience of depressive
symptoms [29]. Recent research has shown that the CES-D
is an appropriate instrument for measuring depression in
adolescents, with an internal consistency (Cronbach’s alpha)
ranging from .78 to .82 [30]. In this 20-item self-report scale,
students rated the frequency of 20 depressive symptoms
over the previous week. A total severity score was calculated
by summing all items and ranged from 0 (not depressed) to
60 (high number of depressive symptoms).
Covariates

The dichotomous variables of sex (coded as −0.5 = boys,
0.5 = girls), academic year (coded as −0.5 = grade 7, 0.5 =
grade 9), school level (coded as −0.5 = senior general secondary education, 0.5 = university preparatory education),
and ethnicity (coded as −0.5 = native Dutch [both parents/
guardians had been born in The Netherlands] and 0.5 =
non-native Dutch) were centred. The highest educational level of the parents/guardians was used as a proxy
of SES [31]. If the parents/guardians had a secondary
vocational education at most, SES was coded as ‘lowmedium’ = −0.5, in all other cases SES was coded as
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‘high’ = 0.5, following the classification of the Dutch
Ministry of Public Health, Welfare and Sport [32].
Weight in kg and height in m (to 2 decimal places)
were measured by one of the researchers. BMI was then
calculated by dividing weight by height squared.
Time spent moving per week corrected for active commuting to school was calculated by subtracting time
spent active commuting to school from total time spent
moving per week. Total time spent moving per week
was measured by the ActivPAL3™ accelerometer and
based on at least 4 valid days with complete accelerometer data (24 hours/day) including both weekend days. A
detailed description of the methodologies used to calculate the total amount of physical activity per week have
been previously reported [5].
Data analysis

Analyses were performed with SPSS for Windows (version
19.0; SPSS Inc., Chicago, Illinois). The level of significance
was .05 in all analyses. Sex differences were analysed by
independent sample t-tests and Pearson’s Chi-square test
for continuous and dichotomous variables, respectively.
Associations between active commuting to school and
cognitive performance or academic achievement, controlling
for covariates, were analysed by multiple linear regression
analyses. Firstly, continuous variables and covariates were
transformed into z-scores. Secondly, associations between
covariates and cognitive performance or academic achievement were modelled (step A). Thirdly, active commuting to
school was added to the model (step B). Fourthly, the potential interaction effect of sex on the associations between active commuting to school and cognitive performance or
academic achievement was investigated. Therefore, the
centred score of sex was multiplied with the z-score of active commuting to school and then added to the model
(step C). Fifthly, significant interaction effects in step C
were analysed by simple slopes analyses to further investigate the nature of the statistical interactions. Finally, significant associations between active commuting to school
and cognitive performance or academic achievement were
analysed by multiple linear regression analyses following the
steps of Preacher and Hayes [33] to investigate whether depressive symptoms mediated these associations.
The reported results of the multiple linear regression analyses exclude outliers (>3 standard deviations). The p-p plots
were normally distributed. There was no multicollinearity
(Pearson’s correlation between covariates < .80) in the multiple regression models.

Results
The descriptive statistics of the entire study sample are
shown in Table 1. Boys (Table 2) had significantly lower
scores on academic achievement (independent t-test,
p < .001) and mathematics performance (p = .038),
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Table 1 Descriptive statistics of the entire study sample (N = 270)
Mean ± SD
Age

Frequencies (%)

95% confidence limits
13.27 – 13.57

13.42 ± 1.28

Sex
Boys

143 (53.0%)

Girls

127

Ethnicity
Native Dutch

248 (91.9%)

Non-native Dutch

22

Academic year
Grade 7

136 (50.4%)

Grade 9

134

School level
Senior general secondary education

73 (27.0%)

University preparatory education

197

SES
Low-medium

65 (24.4%)

High

201

BMI (kg/m2)

19.14 ± 2.70

18.81 – 19.46

Depressive symptoms

10.86 ± 8.26

9.86 – 11.86

Total time spent moving per week (min.)

834.60 ± 215.21

806.76 – 862.44

Active commuting to school (min./week)

230.80 ± 94.75

219.44 – 242.15

Time spent moving per week corrected for active commuting to school (min.)

602.90 ± 188.91

578.46 – 627.33

Active commuting to school as % of total time spent moving per week

28.15 ± 10.34

26.60 – 30.40

D2 Test of attention

175.84 ± 26.66

172.61 – 179.06

Symbol Digit Modalities Test

60.11 ± 10.50

58.83 – 61.40

Academic Achievement

6.83 ± 0.78

6.73 – 6.92

Mathematics performance

6.97 ± 1.10

6.84 – 7.10

SES, socioeconomic status; BMI, body mass index.

and reported significantly lower levels of depression symptoms (p < .001) than did girls (Table 3). In addition, girls
performed better on the Symbol Digit Modalities Test (independent t-test, p = .016), however when corrected for
covariates in the regression model, this difference in performance was not significant anymore (Table 4, step A).
Active commuting to school

Students spent 231 minutes per week active commuting
to school on average, with no significant difference between boys (237 minutes) and girls (224 minutes; independent t-test, p = .237). Active commuting to school
contained 28.2% of the total time spent moving per week,
with no significant difference between boys (28.5%) and
girls (27.8%; independent t-test, p = .588).
Active commuting to school and cognitive performance
and academic achievement

Active commuting to school was not significantly associated with performance on the d2 Test of attention, the

Symbol Digit Modalities Test, academic achievement
and mathematics achievement, overall (Table 4, step B).
A significant interaction between active commuting to
school and sex on the d2 Test of attention was found
(Table 4, step C). Furthermore, simple slopes analyses
revealed a significantly positive association between active commuting to school and performance on the d2
Test of attention in girls (β = .17, p = .037), but no significant association in boys (β = −.03, p = .660).
Mediating role of depressive symptoms in the
associations between active commuting to school and
cognitive performance and academic achievement

Active commuting to school was not significantly associated
with self-reported depressive symptoms in girls (β = .00,
p = .970). Therefore, a basic requirement for mediation
was not fulfilled. It can be concluded that the association
between active commuting to school and performance on
the d2 Test of attention in girls was not mediated by selfreported depressive symptoms. In addition, all the other
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Table 2 Descriptive statistics of the study sample of boys (N = 143) and statistical differences with girls
Mean ± SD
Age

Frequencies

13.40 ± 1.31

95% confidence
limits

Mean difference with
girls (95% confidence intervals)

Effect size
(Cohen’s d)

13.18 – 13.61

-.04

0.03

Ethnicity
Native Dutch

134 (93.7%)

Non-native Dutch

9

Academic year
Grade 7

73 (51.0%)

Grade 9

70

School level
Senior general secondary education

44 (30.8%)

University preparatory education

99

SES
Low-medium

32 (22.9%)

High

108

BMI (kg/m2)

18.98 ± 2.81

18.51 – 19.45

−0.33

0.12

Depressive symptoms

9.12 ± 7.21

7.91 – 10.34

−3.63*

0.45

Total time spent moving per week (min.)

857.41 ± 222.09

817.60 – 897.21

48.10

0.22

Active commuting to school (min./week)

237.23 ± 96.89

221.21 – 253.24

13.68

0.14

Time spent moving per week corrected
for active commuting to school (min.)

618.38 ± 203.59

581.89 – 654.88

32.66

0.17

Active commuting to school as %
of total time spent moving per week

28.50 ± 10.60

25.86 – 29.67

0.74

0.07

D2 Test of attention

173.27 ± 26.74

168.82 – 177.72

−5.49

0.21

Symbol Digit Modalities Test

58.60 ± 10.87

56.74 – 60.46

−3.15*

0.30

Academic Achievement

6.62 ± 0.75

6.49 – 6.75

−0.44*

0.59

Mathematics performance

6.83 ± 1.11

6.65 – 7.02

−0.28*

0.26

*Statistically significant difference between the sexes at p < .05.
SES, socioeconomic status; BMI, body mass index.

associations between active commuting to school and cognitive performance and academic achievement were not
statistically significant. Therefore, all these associations
were also not mediated by depressive symptoms, because
a basic requirement for mediation was not fulfilled.

Discussion
The main findings of this study suggest that, in adolescent girls, active commuting to school is positively associated with performance on the d2 Test of attention,
which measures key components of executive functioning such as response inhibition and selective attention
[23,24]. In contrast, active commuting to school is not
significantly associated with other measures of cognitive
performance and academic achievement in both boys
and girls. Furthermore, active commuting to school is
not significantly associated with self-reported depressive
symptoms, which indicates that the associations between
active commuting to school and cognitive performance
and academic achievement are not mediated by such

symptoms. Our results are in accordance with those of
Martinez-Gomez et al. [9] who found that self-reported
active commuting to school was positively associated
with cognitive performance in adolescent girls. Our research expands on the research of Martinez-Gomez
et al. [9] by objectively measuring active commuting to
school by accelerometry. Moreover, we investigated associations between active commuting to school and
both cognitive performance and academic achievement, and investigated whether these associations were
mediated by self-reported depressive symptoms.
In girls, active commuting to school was positively associated with performance on the d2 Test of attention, a
measure of response inhibition and selective attention,
both key components of executive functioning [25]. In
contrast, active commuting to school was not significantly associated with performance on the Symbol Digit
Modalities Test, a measure of information-processing
speed, which is usually not classified as an executive
function [25]. These results concur with an increasing
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Table 3 Descriptive statistics of the study sample of girls (N = 127)
Mean ± SD
Age

Frequencies

95% confidence limits
13.22 – 13.66

13.44 ± 1.25

Ethnicity
Native Dutch

114 (89.8%)

Non-native Dutch

13

Academic year
Grade 7

63 (49.6%)

Grade 9

64

School level
Senior general secondary education

29 (22.8%)

University preparatory education

98

SES
Low-medium

33 (26.2%)

High

93
2

BMI (kg/m )

19.31 ± 2.58

18.86 – 19.76

Depressive symptoms

12.76 ± 8.92

11.19 – 14.32

Total time spent moving per week including active commuting to school (min.)

809.31 ± 205.36

770.50 – 848.11

Active commuting to school (min./week)

223.55 ± 92.13

207.37 – 239.72

Time spent moving per week corrected for active commuting to school (min.)

585.72 ± 170.45

553.51 – 617.93

Active commuting to school as % of total time spent moving per week

27.76 ± 10.07

26.81 – 29.49

D2 Test of attention

178.76 ± 26.37

172.61 – 179.06

Symbol Digit Modalities Test

61.75 ± 9.87

58.83 – 61.40

Academic Achievement

7.06 ± 0.75

6.73 – 6.92

Mathematics performance

7.12 ± 1.08

6.84 – 7.10

SES, socioeconomic status; BMI, body mass index.

Table 4 Multiple linear regression analyses for active commuting to school associated with cognitive performance and
academic achievement in adolescents
D2 Test of
attention

Symbol Digit
Modalities Test

β
Step A (R2)

.12*

Sex

Academic
achievement

β
.24*

.07

Mathematics
performance

β
.23*

.09

β
.16*

.26*

.15*

Ethnicity

.04

.02

.06

.09

Academic year

.31*

.42*

-.25*

-.09

School level

.18*

.15*

.15*

.14*

SES

.02

-.12

.07

0.8

BMI

.03

.14*

-.11

-.17*

Depressive symptoms

-.01

.09

-.15*

-.20*

Time spent moving per week corrected for
active commuting to school

.10

.15*

-.06

.01

Step B (ΔR2)

.00

Active commuting to school
2

Step C (ΔR )
Active commuting to school* Sex
β = Standardised regression coefficients.
*Statistically significant at p < .05.
SES, socioeconomic status; BMI, body mass index.

.00
.05

.02*

.00
.04

.00
.13*

.01
.04

.00
.02

.08
.00

.00

.07
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amount of literature suggesting that gains in children’s
cognitive functioning due to physical activity are most
clearly observed in tasks that involve executive functioning (see Tomporowski et al. [34] for a review). Since executive functioning is of crucial importance to success in
school [35], this finding might be useful and important
for education, although we did not find a significant association between active commuting to school and academic achievement.
The sex-specific association between active commuting to school and executive functioning observed in our
study is in agreement with the findings of Kwak et al.
[16], who reported a positive association between objectively measured physical activity and academic achievement in adolescent girls, but not in boys. In addition,
our results also showed that the associations between active commuting to school and both performance on the
Symbol Digit Modalities Test and mathematics performance tended to be more positive in girls than in boys, although those associations were not statistically significant
(Table 4, step C). Martinez-Gomez et al. [9] suggested that
these sex-specific associations might be explained by depressive symptoms. However, we found no evidence that
the associations between active commuting to school and
cognitive performance and academic achievement are mediated by self-reported depressive symptoms. Another explanation suggested by Martinez-Gomez et al. [9] might
be the higher levels of total time spent moving per week
for boys compared to girls. Although many studies in adolescents have reported differences in physical activity
levels between boys and girls [36], we found no significant
difference in total time spent moving per week between
boys and girls (Table 2). On the basis of the results described above, we suggest that other factors may play a
more important role in the sex-specific association
between active commuting to school and executive
functioning observed in our study, as well as that of
Martinez-Gomez et al. [9]. The first of these is
(school-related) stress, which is negatively associated
with cognitive performance and academic achievement
in adolescents [37]. Adolescent girls report significantly
higher levels of (school-related) stress than boys [38].
Physical activity is associated with lowered stress [39] and
might have relatively greater beneficial effects on (schoolrelated) stress in girls (because of their higher stress levels)
than in boys. Consequently, active commuting to school
(i.e. physical activity before school) might decrease
(school-related) stress levels and in turn increase cognitive performance more in girls than in boys, resulting
in a positive association between active commuting to
school and cognitive performance in girls, but not in
boys. The second factor is physical activity, which increases the circulation and production of insulin-like
growth factor I [40]. Insulin-like growth factor I and
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female estrogen interact in the promotion of neuronal
survival and neuroprotection [41]. Therefore, this sexspecific hormone might underlie the sex-specific associations between physical activity or active commuting to
school and cognitive performance/academic achievement
observed in our study and those of Martinez-Gomez et al.
[9] and Kwak et al. [16]. We suggest future studies in adolescents, which focus on the effects of physical activity or
active commuting to school on cognitive performance/
academic achievement, in order to account for the role of
(school-related) stress and sex-specific hormones.
The major strength of this study is that active commuting to school was objectively measured by the ActivPAL3™ accelerometer. Previous research has shown that
this device is a reliable instrument with which to measure physical activity in adolescent girls [42] and young
adults [43]. In addition, as this accelerometer was placed
on the thigh, it was accurate in classifying time spent
moving during 93.3% of the time spent cycling [44], a
common activity in commuting in Dutch adolescents
[45]. Also, we objectively measured cognitive performance and academic achievement and controlled for several potential confounders. Finally, 83.7% of the invited
students participated in our study and the students included in analyses did not differ in sex, BMI, executive
functioning, and academic achievement from students
excluded from analyses because of missing accelerometer wear-time. Taken together, in our opinion, these
methodological factors ensure that our results are representative of the associations between active commuting
to school and cognitive performance and academic
achievement in our study sample of Dutch adolescents.
However, our study also has some limitations. We
used only one secondary school, which makes it hard to
generalise our findings to the entire Dutch adolescent
population. Information about the mode of active commuting to school is missing as the ActivPAL3™ accelerometer cannot accurately distinguish between activities,
for example distinguish walking from cycling. Because
cycling requires a higher intensity than walking [3], this
might be an important limitation. Finally, we based the
active commuting to school period on the daily overviews of the accelerometer data, however, an objective
definition of this period is missing.

Conclusions
Active commuting to school is positively associated with
executive functioning in adolescent girls. In contrast,
other associations between active commuting to school
and cognitive performance and academic achievement in
both boys and girls are not statistically significant. These
results indicate that the associations between active
commuting to school and cognitive performance and academic achievement are weak and might be moderated by
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sex, while the greatest benefits on cognition due to active
commuting to school might be with regard to executive
functioning. We conducted the first observational study in
the associations between objectively measured active
commuting to school and cognitive performance and
academic achievement in adolescents. Causal relations
between active commuting to school and cognitive
performance or academic achievement would provide
important implications for both education and public
health; therefore we recommend future studies to use
experimental designs.
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