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Abstract
This study examined the relationship between the physical environment
characteristics of primary schools and active school transport among
3,438 5- to 12-year-old primary school children in the Netherlands. The
environmental characteristics were categorized into four theory-based
clusters (function, safety, aesthetics, and destination). The correlations
between the clusters and active school transport were examined, and
multilevel regression analyses were used to examine the association
between the clusters and active school transport. No correlations were
found between environmental clusters and active school transport for
younger children (age 5-9), but for older children (age 9-12), strong positive
correlations were found between aesthetics and active transport as were
found for safety and active transport. School neighborhood aesthetics were
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related to active transport for older primary school children. Presence
of parks, good maintenance of green spaces, and absence of litter in the
school environment contributed most to the positive association between
aesthetics and active school transport.
Keywords
active school transport, primary school, physical environment, aesthetics,
safety

Introduction
The prevalence of overweight and obesity is rapidly increasing among children, leading to physical problems such as Type II diabetes and cardiovascular diseases in later life (Andersen et al., 2006) as well as psycho-social
problems such as being teased and lower self-esteem (Biddle, Gorely, &
Stensel, 2004). Since overweight and physical inactivity patterns formed in
childhood are major predictors of overweight in adulthood (Singh, Mulder,
Twisk, Van Mechelen, & Chinapaw, 2008), special attention should be
devoted to the prevention and treatment of childhood overweight.
Nevertheless, time spent in physical inactivity and sedentary behavior is
increasing worldwide (Kohl et al., 2012; Mitchell, Pate, Beets, & Nader,
2013). In the Netherlands, only 30% to 40% of the children meet the recommended 60 daily minutes of moderate-to-vigorous physical activity (De Vries
& Chorus, 2010; World Health Organization, 2010), and these proportions
are even lower for children living in deprived neighborhoods (de Vries et al.,
2005; Uiters & Verweij, 2010; Van Lenthe, Brug, & Mackenbach, 2005).
Active school transport (AST; e.g., walking and cycling) can make a major
contribution to daily physical activity and to the development of active lifestyle patterns (Cooper, Jago, Southward, & Page, 2012; Faulkner, Buliung,
Flora, & Fusco, 2009; Owen, Humpel, Leslie, Bauman, & Sallis, 2004;
Panter, Jones, & van Sluijs, 2008; Rennie, Johnson, & Jebb, 2005; van Sluijs
et al., 2009). However, a decreasing proportion of children are using active
transport, which is being replaced by motorized transportation to school
(McDonald, 2007; Salmon, Timperio, Telford, Carver, & Crawford, 2005;
van der Ploeg, Merom, Corpuz, & Bauman, 2008). A range of possible determinants has contributed to the increased use of motorized school transport.
Increased prosperity has led to an increased number of families that could
afford owning a car and consequently make these people able to choose for
motorized school transport. Furthermore, the perceived convenience of driving to school could have contributed to the decrease in active transportation
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(Trapp et al., 2011). Moreover, environmental characteristics (both physical
and social) are likely to be important in determining this behavior, so identification of environmental correlates is essential to help reverse the downward
trend (Panter et al., 2008; Tudor-Locke, Ainsworth, & Popkin, 2001). Several
studies (McMillan, 2007; Timperio et al., 2006) showed that the use of AST
is inhibited by unsafe local neighborhoods, due to factors like traffic (e.g.,
busy roads, high traffic density) and social hazards (e.g., stranger danger and
crime), while the distance to one’s destination has also been found to be a
major predictor of active transport use (McDonald, 2007; McMillan, 2007).
Walking and cycling infrastructures, such as sidewalks and cycling paths,
have also been reported to be environmental correlates of AST (Kerr et al.,
2006).
Neighborhood characteristics can be structured and classified using socioecological models (Kremers et al., 2006; Pikora, Giles-Corti, Bull, Jamrozik,
& Donovan, 2003). Pikora et al.’s (2003) framework distinguishes four main
environmental clusters related to walking and cycling in the local neighborhood. These neighborhood characteristics are clustered into function (e.g.,
physical attributes of the built environment), safety (e.g., social and traffic
safety), aesthetics (e.g., access to interesting and pleasant physical environments), and destination (e.g., availability of community or commercial facilities in the neighborhood). Assembling the neighborhood characteristics into
these theory-based clusters might be useful for understanding the local
aspects associated with school transport.
The present cross-sectional study used Pikora’s clustered approach to
study the association between the school environment and the use of active
transport to school among 5- to 12-year-old Dutch primary school children.
This study focused on deprived areas, mostly inhabited by people in vulnerable positions and by children who were not fulfilling the recommended daily
amount of physical activity (Uiters & Verweij, 2010).

Method
Description of Research Population
This study focused on children from 19 primary schools situated in neighborhoods with a low socio-economic status (LSES) in five municipalities (i.e.,
Heerlen, Sittard-Geleen, Maastricht, Kerkrade, and Meerssen) in Southern
Limburg, the Netherlands. School size ranged from 64 to 311 students.
Children were between 5 and 12 years old, distributed over 8 grades (years).
This study took place within the academic collaborative center for public
health Limburg in which the local municipalities, public health services, and
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university work together intensively. The schools were invited by the local
public health services to participate in this study, using mail and phone calls.
The schools were asked to give permission for on-site visits to assess the
number of children using active transport to come to school that day.

Instruments
AST use was determined by visiting each grade of the participating schools
(Grades 1 to 8), and asking the children “How did you come to school this
morning?” (by car/by bike/on foot/other). Final scores were reported as 1 =
active travel, that is, by bike and on foot or 0 = motorized travel, that is, by
car and other. Children responded by raising their hands. The results were
summarized for each school and grade into percentages of children using
active versus motorized school transport. Children who were too young to
cycle themselves, but were taken on their parents’ bike, were counted as
active travelers, whereas children who arrived on the back of their parents’
scooter or motorcycle were categorized as motorized travelers. The transportation mode of a total of 3,438 children was established. None of the children
refused to answer.
Characteristics of the physical environment were scored for a 400 m radius
around all participating schools, using the “Environmental Scan for Active
Transport to School” (ESATS; Online Appendix 1). The ESATS is based on
the Spatial Planning and Children’s Exercise (SPACE) checklist (De Vries,
Hopman-Rock, Bakker, Hirasing, & Van Mechelen, 2010), which is a Dutch
version of the Neighborhood Environment Walkability Scale (NEWS;
Saelens, Sallis, Black, & Chen, 2003). The NEWS has been adapted to correct for differences in the American and Dutch physical environment.
Subsequently, the SPACE-checklist was adapted to record characteristics
specifically related to active transport. In addition, a geographical adjustment
(the presence of hills; Timperio et al., 2006) was made in the checklist, as this
was specifically relevant for the current study area of Southern Limburg,
resulting in ESATS. Presence of hills was included because they could be
perceived as barrier for active transport. In our study sample, as is typical for
the Dutch context, but even more typical for the study area of South Limburg,
primary schools were covering a relatively small service area in homogeneous neighborhoods within the 400 m buffer of each school (Figure 1).
Although a pivotal focus has been paid to the physical environment of
schools, generally a significant proportion of children’s route to school as
well as home neighborhood of children were included in the school neighborhood environmental audits.
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Figure 1. Example school neighborhood environment, 400 m buffer.

Four clusters were created within the ESATS, based on the framework of
physical environment factors by Pikora and colleagues: functional features
(possible cluster score range: 0-73; e.g., of an item: presence of cycling
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Table 1. Demographics and Active Transport Use (Total and Stratified) Per
School.

School
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
Total

Municipalitya

SES scoreb

% AST (N)

% AST grades
1-5 (N)

1
2
3
1
1
1
1
1
1
2
2
4
5
3
1
5
4
3
3

−2.31
−2.69
−1.91
−2.31
−2.31
−2.08
−2.08
−1.97
−1.54
−1.44
−1.44
−2.11
−0.46
−1.37
−1.55
−0.46
−2.11
−1.83
−1.13

71.2 (146)
73.4 (64)
52.3 (130)
76.5 (153)
67.8 (311)
57.9 (297)
73.8 (84)
48.7 (196)
74.1 (166)
59.1 (154)
69.9 (236)
58.8 (294)
66.9 (133)
77.7 (103)
48.3 (207)
72.5 (167)
47.3 (182)
59.6 (188)
67.8 (227)
63.9 (3438)

64.6 (96)
65.8 (38)
45.9 (85)
71.0 (93)
66.1 (186)
54.8 (188)
64.6 (48)
46.8 (124)
70.5 (95)
47.8 (90)
65.2 (164)
48.4 (213)
61.7 (81)
76.3 (76)
42.1 (133)
69.4 (111)
44.1 (118)
56.1 (139)
63.0 (138)
59.2 (2341)

% AST
Grades 6-8
(N)
84.0 (50)
84.6 (26)
64.4 (45)
85.0 (60)
70.4 (125)
63.3 (109)
86.1 (36)
51.4 (72)
78.9 (71)
75.0 (64)
80.6 (72)
86.4 (81)
75.0 (52)
81.5 (27)
59.5 (74)
78.6 (56)
53.1 (64)
69.4 (49)
75.3 (89)
73.8 (1097)

Note. SES = socio-economic status; AST = active school transport; N = number of children.
aMunicipalities; 1 = Heerlen, 2 = Sittard-Geleen, 3 = Maastricht, 4 = Kerkrade, 5 = Meerssen.
bSES score (ranging from −4 to +4) indicates the socio-economic status of the local
neighborhood.

paths), safety features (0-42; e.g., presence of crossing aids), aesthetic features (0-29; e.g., presence of parks), and destination features (0-36; e.g., presence of bicycle sheds at school). Clusters were assembled by a theory-driven
approach. The theory-based clusters were all correlated <.7 with each other
(Table 1), i.e. each cluster explains less than half of the variance of another
cluster.
Two observers assessed the school neighborhood environments. Each
audit was performed by similar conditions in April 2011 during school hours.
The audits took place within 2 weeks with comparable weather conditions;
dry days with temperatures ranging from 11°C to 21°C. Each scan took about
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90 min to complete, and both assessors walked and cycled around the school
areas to get a general impression of walkability and cycle-friendliness.
Differences between the observers’ scores were solved by discussion to reach
consensus immediately after the observations took place. Reassessment of
disputable characteristics was possible by immediate discussion of the
observers’ scores.
An socio-economic status (SES) score was calculated for each school,
indicating the SES of the neighborhood in which the school is located. This
score ranges from −4 (extremely deprived) to +4 (extremely well-off) and is
based on mean household income, percentages of households with low
income, percentages of residents without paid work, and percentages of
households with a low educational level on average (Knol, 2012).

Statistical Analyses
Data were analyzed using SPSS, version 19.0 (SPSS Inc., Chicago). First,
differences in use of active transport between lower grades (1 to 5) and higher
grades (6 to 8) were assessed by an independent t-test because differences in
these subgroups were expected (Timperio et al., 2006). If a grade-related difference in AST was found, a dichotomous variable was constructed to discriminate between lower grades, in which school transport under parental
supervision is likely, and higher grades. Associations between the ESATS
clusters and active transport, for the entire sample as well as for both subgroups, were examined by calculating Pearson’s correlation coefficients.
Multilevel regression analyses with two levels (school level and child
level) were then conducted to examine the association between active transport and the ESATS clusters. We used backward deletion for the least significant cluster in each model, and the final model only contained statistically
significant clusters (p < .05). We also examined the intra-class correlation
(ICC), which reflects the proportion of the total variation in active transport
that is explained by the final model.
Subsequently, in-depth analyses of significant clusters in the final model
were used to examine the associations between the individual characteristics
included in the cluster and the use of AST. Similar to the analyses with ESATS
clusters, two-level logistic multilevel regression analyses were performed,
with all individual characteristics within the particular cluster as independent
variables and AST as dependent variable, using the backward procedure.

Results
The 19 participating primary schools had a SES score varying between −0.5
(slightly deprived neighborhood) and −2.7 (highly deprived neighborhood).
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Table 2. Pearson’s Correlations (r) Between ESATS Clusters, SES Score, and AST
at School Level (N = 19).
1
1.
2.
3.
4.
5.
6.
7.
8.

Function
Safety
Aesthetics
Destination
SES score
AST Grades 1-8
AST Grades 1-5
AST Grades 6-8

2

3

4

5

6

7

8

.64**

.20
.58**

.42
.48*
.68**

.28
−.18
−.37
.15

.28
.37
.40
.13
−.14

.22
.25
.32
.03
−.18

.29
.47*
.54*
.41
−.02

Note. SES score (range −0.464 to −2.688); ESATS = Environmental Scan for Active Transport
to School; SES = socio-economic status; AST = active school transport.
*p < .05. **p < .01.

The average number of children enrolled at each school was 181 (SD = 69.3;
Table 1).
Percentages of children traveling to school using active transport varied
between 47.3% and 77.7% per school, with an average of 59.2% in the lower
grades (1-5) and 73.8% in the higher grades (6-8), t(2438) = 8.30, p < .01. Of
the children who used AST (n = 2,170; 64.4%), 27.0% cycled to school (n =
585) and 73.0% walked to school (n = 1,585).
Table 2 presents the correlations between all ESATS clusters, SES scores,
and active transport at school level. Statistically significant positive correlations were found between safety and all other ESATS clusters, and between
the aesthetic and destination clusters. Furthermore (although non-significant), SES was negatively correlated with local aesthetics and safety but
positively with function and destination.
All associations (except for SES) found between the school environment
and AST were positive, that is, physical environment scores were positively
correlated with active transport. A positive association between aesthetics
and active transportation, as well as for safety and active transportation, was
found for the higher grades.
A moderating effect of lower and higher grades was found on the association between aesthetics and active transport (interaction term; B = .083, p <
.01), so we performed two separate multilevel regression analyses for the
subgroups. For children in the lower grades, all ESATS clusters were
removed from the regression equation in the final model, indicating that none
of the environmental clusters were associated with active transport. For children in the higher grades, aesthetics was significantly associated with active
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Table 3. Stratified Multilevel Regression Analyses for ESATS Clusters and SES
Score for Active School Transport (AST).
Grades 1-5 (N = 2341)
Full model

ESATS function
ESATS safety
ESATS aesthetics
ESATS destination
SES score

B

p

.04
−.03
.08
−.06
.01

.26
.60
.14
.20
.97

Grades 6-8 (N = 1097)

Final modela
B

.03

Full model

Final modela

p

B

p

B

p

.21

−.01
.07
.10
−.02
−.03

.75
.39
.13
.67
.30

.09

<.01

Note. ESATS = Environmental Scan for Active Transport to School; SES = socio-economic
status.
aVariables excluded using backward deletion for the least significant variable in each models.

transport in the final model (Table 3). The odds ratio (OR) was 1.09 (95% CI
= [1.03, 1.15), which means that the likelihood of active transport increased
by 9% for each point of increase in the aesthetic cluster score. The proportion
of the total variance (ICC) of active transport explained by aesthetics was
7%.
In-depth analyses within the aesthetic cluster showed that the presence of
a park within the school neighborhood environment was the strongest correlate of active transport for children in the higher grades (OR = 1.32, 95% CI
= [1.09, 1.54], p = .02). In addition, the absence of litter on streets in the
school environment was positively associated with active transport (OR =
1.61, 95% CI = [1.17, 2.06], p = .03), as was good maintenance of local green
spaces in this environment (OR = 2.07, 95% CI = [1.43, 2.72], p = .04).

Discussion
The current study examined the association between school neighborhood
environment characteristics and the use of active transport by primary school
children in the Netherlands. A total of 63.9% of the children in our sample
used active transport, with higher proportions of older children doing so.
School neighborhood characteristics were not found to be associated with
active transport to school among young children, which is in line with studies
conducted by Carver and colleagues (Carver, Timperio, & Crawford, 2008;
Carver, Timperio, Hesketh, & Crawford, 2010). They found environmental
correlates of active transport only among older children. This might be
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explained by the dependence of this age group on the parents (Panter et al.,
2008). Young children are mostly unable to travel to school by themselves,
due to restrictions imposed by their parents or insufficient cycling or walking
skills (Carver, Watson, Shaw, & Hillman, 2013; Hume et al., 2009). A recent
study by Carver showed that older children were licensed more frequently to
use independent mobility to school, and this license was positively associated
with active transport (Carver et al., 2013). Parents are the main decision makers regarding the mode of transportation to school, and their environmental
determinants of active transport use are likely to differ from the children’s
(Faulkner, Richichi, Buliung, Fusco, & Moola, 2010; Panter et al., 2008;
Timperio, Crawford, Telford, & Salmon, 2004). For instance, time constraints
may mean that parents are more inclined to use a car as a transportation
method, regardless of environmental features around the school (Ahlport,
Linnan, Vaughn, Evenson, & Ward, 2008; Nelson, Foley, O’Gorman, Moyna,
& Woods, 2008). Trapp and colleagues (Trapp et al., 2011) found that the
likelihood of active transport decreased when parents perceived driving their
child to school to be more convenient, which implies that social determinants
may be more important than physical environmental factors in predicting the
use of active transport by younger children.
The strongest positive correlation between school neighborhood environment and active transport of older children was found for aesthetics. This
implies that the attractiveness of the school neighborhood environment may
influence the mode of transportation. An aesthetically more attractive environment has previously been found to relate to increased levels of physical
activity (Veitch et al., 2011). In-depth analyses of the aesthetic cluster in our
study showed that it was particularly the presence of a park in the school
environment that was associated with active transport. Internationally, the
presence of parks has mainly been associated with increased recreational
physical activity (Cohen et al., 2007). In the Dutch school context, the presence of parks (or trails in parks) could be considered an important correlate
of active transport. This finding is in line with the new urbanism philosophy
of Calthorpe (1993), who endorses the creation of small neighborhood parks
that provide diverse and pleasant scenery on route. Observational data do not
suggest any destination effect of the presence of parks in school environmental neighborhood with regard to active transport, which endorses the urbanism philosophy that the pleasant scenery can contribute to this behavior.
Good maintenance of local green spaces was also associated with active
transport in line with the review by Lee & Maheswaran (2011), who found
that issues of maintenance affect the appeal of green spaces. The use or nonuse of green spaces not only depends on its features but also on their condition. Another aesthetic characteristic that was positively associated with
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active transport was the absence of litter. Sugiyama and colleagues (Sugiyama,
Leslie, Giles-Corti, & Owen, 2009) found that the attractiveness of the environment, including the absence of litter, was positively associated with walking by adults. The presence of litter has also been found to be negatively
correlated with trail use (Reynolds et al., 2007). Both maintenance of local
green spaces and absence of litter are contributing to pleasant scenery.
Although it may be quite challenging to increase the number of parks within
a densely populated residential area, the other two aesthetic environmental
correlates, maintenance of local green spaces and absence of litter, may be
less challenging to improve in school neighborhood environments, for
instance, by municipal regulations.
In addition to the importance of local aesthetic characteristics, we found a
strong positive correlation between local safety and active transport use by
older schoolchildren. Safety issues include mainly traffic safety and also
social safety such as vandalism. Traffic hazards, such as dangerous intersections and the lack of speed limits, have previously been reported by parents
as a major barrier preventing them from giving their children permission to
go to school on foot or by bike (Carver et al., 2010; Timperio et al., 2006;
Weir, Etelson, & Brand, 2006). Timperio et al. (2006) also found that
increased traffic density is an important aspect of traffic safety and is a barrier
to active transport.
In our multilevel regression analyses, the safety cluster was not significantly associated with active transport. However, in view of the strong correlation between safety and active transport, this does not imply that safety
issues are unimportant, but its associative value might be less than in other
international studies (e.g., in the United States and Australia), because several safety-related characteristics are present in almost all school neighborhood environments in the Netherlands, even in deprived areas (e.g., sidewalks,
cycling paths, crossing guards, pedestrian crossings). The presence of such
safety features in all school neighborhood environments may explain why we
found relatively little variance within this cluster. Our findings can be interpreted on the basis of the hierarchical framework proposed by Alfonzo
(Alfonzo, 2005). A certain threshold of safety characteristics in the school
environment is an essential condition for the use of active transportation.
Once these safety requirements are fulfilled, the aesthetic features of the
school neighborhood environment might become more important correlates
of active transport use. Other potentially important explanatory factors might
be parental beliefs about AST or perceived health effects of active
transportation.
Strong aspects of the present study include its sample size as well as the
inclusion of children living in deprived areas. Compared to non-deprived
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areas, deprived areas are generally characterized by fewer features promoting
physical activity and increased incivilities (Lee, Booth, Reese-Smith, Regan,
& Howard, 2005) as well as worse aesthetics, such as lower ratings of maintenance and decreased visual quality (Zhu & Lee, 2008) that could decrease
physical activity, including active transport. Furthermore, a variety of school
neighborhood environments were included, which resulted in adequate variance between school neighborhood environments. The clustered and multilevel analytic approach also provided added value, although the multilevel
approach simultaneously limited the level-two variance to 19 school neighborhood environments.
A limitation is the assessment of active transport use, which was done by
asking children to report their mode of transportation in class. Although De
Wit, Loman, Faithfull, & Hinckson (2012) recently argued the validity of this
method of collecting data, it may have led to social desirability bias. However,
we have no indication that the children were pressured or biased to answer
this question dishonestly. With regard to the assessment of active transport, it
should be noted that a distinction was made between active and motorized
transport. This implies that children that were brought to school by bike by
their parents, but were not bicycling themselves, were calculated as active
travelers. This classification was underpinned by the strength of parental
modeling behavior. It was expected that children whose parents use active
transport to bring their child to school are likely to use active transport themselves when being physically able to travel independently (Murtangh, Rowe,
Elliott, McMinn, & Nelson, 2012). Due to the focus on age-related associations between the physical school neighborhood environment and AST, other
demographic variables, such as gender, have not been included in the datagathering process. Another shortcoming is that we were unable to calculate
the distance between the children’s home and school, since we were not able
to track the addresses of the participating children. Distance can be a major
barrier to active transport (Panter et al., 2008; Pont, Ziviani, Wadley, Bennett,
& Abbott, 2009) and the lack of this information could, therefore, have
affected the associations we found between local school environment and
active transport. However, this barrier is probably not as influential as it is in
studies from other countries, as Dutch children generally live within a short
distance (600 m) of schools (Centraal Bureau voor de Statistiek, 2012), a
circumstance that may be considered favorable for active transport. Due to
the proximity of primary schools in the Netherlands, most children typically
go to the nearest primary school (Bekkers, de Kool, & Straten, 2012). Finally,
a more detailed focus on all three environmental components of AST (school
environment, route, and home environment) would be more informative
compared to combining those components in school neighborhood environments. For this a more fine-grained instrument is needed than the
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ESATS-checklist, as well as the use of other network buffers and additional
global positioning system (GPS)- and geographic information system
(GIS)-data.

Conclusion
The association between local school neighborhood environment and the use
of AST differed for younger and older Dutch primary school children.
Associations between environmental features and AST were only found for
older children, probably because younger children depend on their parents
for transportation. Aesthetic and safety features in the school neighborhood
environment were correlated with the use of AST among children aged 9 to
12 years. Factors especially associated with the use of active transportation
by children included aesthetic characteristics, such as the presence of parks,
good maintenance of green spaces, and absence of litter on the streets in the
school environment, and these could, therefore, be regarded as potential
aspects to intervene on.
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