@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Ghekiere A, Deforche B, Mertens L, De
Bourdeaudhuij I, Clarys P, de Geus B, et al. (2015)
Creating Cycling-Friendly Environments for Children:
Which Micro-Scale Factors Are Most Important? An
Experimental Study Using Manipulated Photographs.
PLoS ONE 10(12): €0143302. doi:10.1371/journal.
pone.0143302

Editor: Jake Olivier, University of New South Wales,
AUSTRALIA

Received: June 25, 2015
Accepted: November 2, 2015
Published: December 1, 2015

Copyright: © 2015 Ghekiere et al. This is an open
access article distributed under the terms of the
Creative Commons Aftribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: AG was funded by a grant from Fund
Scientific Research Flanders (FWO, http://www.fwo.
be/en/). JVC was supported by a Ph.D. Fellowship —
Research Foundation Flanders (FWO). JS was
supported by a National Health and Medical
Research Council of Australia Principal Research
Fellowship (APP1026216). The funders had no role
in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Creating Cycling-Friendly Environments for
Children: Which Micro-Scale Factors Are Most
Important? An Experimental Study Using
Manipulated Photographs

Ariane Ghekiere'>3+* Benedicte Deforche'-, Lieze Mertens®, lise De Bourdeaudhuij*,
Peter Clarys?, Bas de Geus®, Greet Cardon?, Jack Nasar®, Jo Salmon’, Jelle Van
Cauwenberg'?3

1 Department of Public Health, Faculty of Medicine and Health Sciences, Ghent University, B-9000, Ghent,
Belgium, 2 Department of Human Biometry and Biomechanics, Faculty of Physical Education and Physical
Therapy, Vrije Universiteit Brussel, B-1050, Brussels, Belgium, 3 Fund for Scientific Research Flanders
(FWO), B-1000, Brussels, Belgium, 4 Department of Movement and Sport Sciences, Faculty of Medicine and
Health Sciences, Ghent University, B-9000, Ghent, Belgium, 5 Department of Human Physiology, Faculty of
Physical Education and Physical Therapy, Vrije Universiteit Brussel, B-1050, Brussels, Belgium, 6 Ohio
State University, City and Regional Planning, Columbus, OH, 43210, United States of America, 7 Centre for
Physical Activity and Nutrition Research, School of Exercise and Nutrition Science, Deakin University,
Melbourne, Australia

* Ariane.Ghekiere @ UGent.be

Abstract

Background

Increasing participation in transportation cycling represents a useful strategy for increasing
children’s physical activity levels. Knowledge on how to design environments to encourage
adoption and maintenance of transportation cycling is limited and relies mainly on observa-
tional studies. The current study experimentally investigates the relative importance of
micro-scale environmental factors for children’s transportation cycling, as these micro-scale
factors are easier to change within an existing neighborhood compared to macro-scale
environmental factors (i.e. connectivity, land-use mix, . . .).

Methods

Researchers recruited children and their parents (n = 1232) via 45 randomly selected
schools across Flanders and completed an online questionnaire which consisted of 1)
demographic questions; and 2) a choice-based conjoint (CBC) task. During this task, partic-
ipants chose between two photographs which we had experimentally manipulated in seven
micro-scale environmental factors: type of cycle path; evenness of cycle path; traffic speed;
traffic density; presence of speed bumps; environmental maintenance; and vegetation. Par-
ticipants indicated which route they preferred to (let their child) cycle along. To find the rela-
tive importance of these micro-scale environmental factors, we conducted Hierarchical
Bayes analyses.
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Results

Type of cycle path emerged as the most important factor by far among both children and
their parents, followed by traffic density and maintenance, and evenness of the cycle path
among children. Among parents, speed limits and maintenance emerged as second most
important, followed by evenness of the cycle path, and traffic density.

Conclusion

Findings indicate that improvements in micro-scale environmental factors might be effective
for increasing children’s transportation cycling, since they increase the perceived support-
iveness of the physical environment for transportation cycling. Investments in creating a
clearly designated space for the young cyclist, separated from motorized traffic, appears to
be the most effective way to increase perceived supportiveness. Future research should
confirm our laboratory findings with experimental on-site research.

Introduction

Most children in Europe do not achieve the recommended hour of moderate to vigorous physi-
cal activity per day to obtain health benefits [1, 2]. However, children’s physical activity levels
track to levels at older ages, indicating the need to promote physical activity during childhood
[3]. Since 2005, active transport (i.e. walking or cycling to a destination within the neighbor-
hood) has been identified as an important source of physical activity among children [2, 4]. In
some European countries such as Belgium, Germany, Denmark and The Netherlands, people
more often cycle than walk for transport [5-7]. Children can cover larger distances cycling
compared to walking, making cycling an attractive, inexpensive and accessible transportation
mode. Children who regularly cycle for transport have better cardiovascular health [8, 9], have
better physical fitness [10], have a lower body mass index [11, 12] and a healthier body compo-
sition [13] compared to those driven to their destinations. In addition to its health benefits,
cycling can reduce traffic congestion and associated traffic-related air pollution [14]. Despite
the many benefits associated with cycling for transport [15], it remains a challenge to increase
cycling for transport rates among Flemish primary school aged children [16]. Currently, 40%
of Flemish 10-12 year old children living within 3 km from school never cycle to school [17].
From a socio-ecological approach, that emphasizes the importance of individual (e.g. atti-
tude, social support) and environmental factors (e.g. quality of the cycling infrastructure, traffic
speed) [18], research should identify physical environmental factors that may support cycling.
Handy and colleagues (2014) emphasized the need for studies identifying key factors influenc-
ing transportation cycling. Such studies can inform planners on how to conduct the most effec-
tive and efficient structural changes to the physical environment [19]. Identifying these key
factors by extensive exploratory research can help to avoid wasting limited resources on inef-
fective changes to the physical environment. Consider three kinds of environmental factors,
(1) fixed factors (like street layout including type of buildings) which are more permanent and
thus difficult and expensive to change, (2) semi-fixed factors which are more movable objects
placed in the environment (like street amenities including traffic regulations and cycling facili-
ties), and (3) movable features, which refers to humans and objects (such as a chair) not
attached to the environment. The present paper focuses on micro-scale semi-fixed environ-
mental factors, such as the evenness of cycle path, the amount of vegetation and the speed
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restrictions, which are street characteristics that are the responsibility of local actors within the
community.

Cross-sectional studies have examined the associations between physical environmental
characteristics and children’s transportation cycling [20-22]. For example, studies consistently
find that as the distance to destinations increases the likelihood of transportation cycling
decreases [20]. Additionally, studies have found that children’s cycling increases with the per-
ceived traffic safety [23]. Perceived traffic safety can be influenced by a broad range of micro-
scale environmental factors, such as the type of cycling infrastructure (cycle path, cycle lane),
the degree of separation between motorized traffic and the cycle path, traffic speed, traffic den-
sity, and the evenness of cycling infrastructure [24]. Parental perceptions of traffic safety may
even be more important as this has been considered as an important factor determining chil-
dren’s independent mobility [25]. Findings from studies examining associations between
micro-scale environmental characteristics and children’s transportation cycling are inconsis-
tent, but this may result from measurement issues [22].

Previous studies have mainly used self-report questionnaires, asking the participant to
describe characteristics within their neighborhood. This method has several limitations. First,
they require the participant to recall specific, detailed environmental factors while not in that
environment which may result in a recall bias [26, 27]. Additionally, what people say and recall
may well differ from what they noticed when experiencing the environment, and how it affects
their cycling behavior. Second, there is no consensus about the best definition of the “neighbor-
hood” when asking participants to describe physical elements within their neighbourhood [28,
29]. Finally, physical characteristics of a neighbourhood may co-vary, i.e. some environmental
factors tend to occur together. For example, benches are more prevalent in neighborhoods with
a lot of vegetation. This co-variation of environmental factors has been identified as a topic
which needs further investigation [20].

Photographs can overcome these limitations in that they neither require participants to
recall an environment nor respond based on their own definition of their neighbourhood. Pho-
tographs also allow controlled manipulations of physical environmental factors (e.g. evenness
of cycle path, speed limits etc.) to test the potential causal relationships between each environ-
mental factor and participants’ preferences. The feasibility of using photographs has been
tested in some pilot studies [30-34].

While natural experiments are the best way to determine causal effects of structural changes
on cycling behavior, structural changes in the environment are very expensive and time con-
suming. However, extensive exploratory research is needed in order to inform urban planners
or other researchers on which structural changes will be most likely to increase children’s
transportation cycling. Photographs allow one to simulate and test these changes relatively
quickly and at low cost. Therefore, the current study uses manipulated photographs in a labo-
ratory setting, to examine which environmental factors have the most influence on the per-
ceived supportiveness of a street for children’s transportation cycling. In this study, both
children and their parents participated, as both may influence the child’s actual transport
mode choice.

We gave special attention to identify whether the effect of micro-scale environmental factors
is equal across different subgroups [35]. Perhaps, the existence of subgroups might explain the
inconsistent associations between the micro-scale environmental factors and children’s cycling
for transport [22]. Insight into how individual factors may influence the importance of specific
environmental factors is lacking. However, this knowledge is essential for tailoring future
changes in the physical environment to the needs of different individuals. Subgroups differing
in preferences for a particular environmental factor may exist based on the amount of trans-
portation cycling of the individual and age of the child. When children grow older, the
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importance of safety may decrease due to their greater autonomy [20]. Additional differences
may be observed according to sex [36], as girls/mothers may be more concerned about traffic
safety, while for boys/fathers this may be less important. Other differences may be observed
according to children’s perceived cycling skills, as children who feel less confident about
cycling, may focus on the evenness of the cycle path, while for more experienced/more confi-
dent cyclists other environmental factors might be more important. Finally, it is hypothesized
that specific micro-scale environmental factors might be of importance depending on the
neighborhood in which they live. Therefore, the current study firstly investigates which micro-
scale environmental factors are most important to create cycling-friendly streets for the total
sample of both children and parents, and secondly, identifies whether subgroups exist which
are characterized by a preference for specific micro-scale environmental factors.

Materials and Methods
Recruitment and procedures

Researchers recruited children via randomly selected primary schools across Flanders. The
researcher visited each school twice. During the first visit, children from the 5™ and 6™ grade
(primary school, 10-12 yrs old) received a letter including information of the study, a link to
the website of the study and a personalized login which enabled parents to participate in the
study, by completing an online questionnaire at home. Parents had to give active written con-
sent for their child to participate at school. After one week, the researchers returned to the
schools to collect the informed consents and the children completed an online questionnaire at
school. School visits were conducted in November and December 2014, while the parental
questionnaire closed at the end of January 2015.

Prior to data collection, sample size calculations determined that the study needed a sample
of 1000 children and 1000 parents to meet its study aims [37]. A pilot study [34] suggested
that about half of the parents of the children who complete the survey in school would com-
plete the parental survey at home. Therefore, we needed to recruit 2000 children to get suffi-
cient parental participants. Therefore, researchers telephoned one-hundred and nine primary
schools randomly chosen across Flanders of which forty-five agreed to participate in the study
(participation rate = 41%). The Ethics Committee of the University Hospital of Ghent Univer-
sity approved the study protocol.

Development of the photographs

Prior to data collection, a set of 1945 panoramic photographs was manipulated with Adobe
Photoshop software®). These photographs depicted a typical urban street in Flanders where
children could cycle. This street was manipulated on the following seven micro-scale environ-
mental factors: type of cycle path; evenness of the cycle path; traffic speed; amount of vegeta-
tion; maintenance; traffic density; and presence of a speed bump. Based on previous research,
these micro-environmental factors were hypothesized to have an influence on the supportive-
ness of a street for children for cycling [24, 38, 39]. As summarized in Table 1, each micro-envi-
ronmental factor could be depicted at different levels, ranging from an unsupportive level to a
more supportive level.

We kept some elements constant across all photographs to standardize the protocol, i.e. the
general street setting (i.e. typical urban street), number of cyclists in the street, and good
weather conditions. All photographs showed a cyclists’ point of view, to create the feeling that
one is cycling in that street. Fig 1 shows an example of the performed manipulations, but an
overview of all the conducted manipulations can be found in S1 Table. The first photograph
shows the anticipated worst street to cycle along, the last photograph shows the anticipated
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Table 1. Overview of the included environmental factors and specific levels in the photographs.
Type of cycle path No cycle path
Cycle path separated from traffic with lines, not separated from walking path
(advisory cycle path)
Cycle path separated from traffic with a curb, not separated from walking path
Cycle path separated from traffic with a hedge, not separated from walking path

Cycle path separated from traffic with a curb, separated from walking path by
colour

Cycle path separated from traffic with a hedge, separated from walking path by
colour

Evenness of cycle Very uneven
path

Moderately uneven
Even
Traffic speed 50 km/h
30 km/h
Vegetation No trees
Two trees
Four trees
Maintenance Bad upkeep (much graffiti and litter)
Moderate upkeep (a bit of graffiti and litter)
Good upkeep (no graffiti or litter)
Traffic density 4 cars + truck
3 cars
1 car
Speed bump Absent
Present

doi:10.1371/journal.pone.0143302.1001

best condition, and the second photograph shows an anticipated average street setting for
cycling.

Measures

Researchers developed online questionnaires using Sawtooth Software (SSI Web 8.3.10), one
for children and one for parents. Both questionnaires had two parts. Children completed ques-
tions about their age, sex and socio-economic status by completing the Family Affluence Scale
(results in a score ranging from 0 [lowest SES] to 10 [highest SES]) [40]. They indicated their
physical activity levels in the last seven days (5 point scale; never/rarely-more than seven
times) [41], reported their perceived cycling skills on a five-point scale (I think I can ride a
bicycle properly; totally disagree-totally agree; intraclass coefficient [ICC] = 0.74) and how
often they went to school by car or by bicycle (five point scale; never, rarely, now and then,
often, always; ICC = 0.95 and 0.94 respectively). Developed for this study, these last three ques-
tions showed good one week test-retest reliability among a group of 45 children from fifth and
sixth grade.

In the second part of the questionnaire, children completed a set of 12 choice-based conjoint
(CBC) tasks. Conjoint analysis has participants choose among multiple ‘products’, in this case
‘streets’. Seeing streets that varied in levels (e.g. evenness of cycle path was shown as one of
three levels; very uneven, moderately uneven and even cycle path) of the micro-scale environ-
mental factors [37], participants needed to indicate which street they preferred most. CBC
analysis benefits from the fact that participants do not have to choose between all possible
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Fig 1. Examples of the manipulations in the photographs.

doi:10.1371/journal.pone.0143302.9001

combinations of attributes (micro-scale environmental factors) but the software assigns choice
combinations randomly to each participant. Most CBC studies use verbal descriptions of the
attribute levels of the products, but studies have successfully used photographs [34, 42].

Children were instructed to indicate which route they preferred to cycle along to their friend
who lives 10 minutes by bike from the child’s residence, in good weather conditions. This
instruction allows standardization for distance to the destination and weather conditions,
which have been previously identified as potential determinants of children’s transportation
cycling [43]. Before conducting the 12 randomly assigned choice-tasks, children completed 3
pre-exercises to get used to the differences in the photographs. A full profile design was used,
which implies that the two photographs in each choice-task could differ on up to seven micro-
environmental factors which also allows evaluation of the complete street, which is similar to a
real-life decision making process.

In the parental questionnaire, parents first answered some questions about themselves, such
as their age, highest level of education of the mother and father of the child and marital status.
Then, they reported cycling behavior of their child and themselves based on the International
Physical Activity Questionnaire (IPAQ; usual week [44]). They also answered ten questions
about their perceptions of their neighborhood environment [45]. In the second part, parents
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completed a CBC task, which was similar to the children’s. Parents indicated which route they
preferred their child to cycle along independently to visit a friend who lives ten minutes from
their residence.

Analysis

To compare children’s and parents’ preferences, the analyses considered only children whose
parent also participated in the study. We used SPSS version 22 to calculate descriptive charac-
teristics of the sample; and we used Sawtooth Software SSI Web (V8.3.10) to analyze the data
from the CBC-tasks. We developed two models, one for the children and one for the parents.
We estimated individual preferences (i.e. part-worth utility scores) through Hierarchical Bayes
analysis, which is considered the best method for analyzing CBC data [46]. Part-worth utilities
are considered as the preferences for an attribute level, which are considered as similar to
regression coefficients in regression analyses [37]. Additionally, we calculated relative average
importance percentages which demonstrate the maximum effect each micro-environmental
factor has on the choice for a street for the total sample [37]. We calculated the average impor-
tance of each micro-scale environmental factor as follows: the range of the highest and the low-
est part-worth utility within one micro-environmental factor, divided by the sum of the ranges
of the part-worth utilities of the seven factors. Model fit is illustrated using the root likelihood
(RLH), which ranges from zero to one, with a higher value indicating a better fit of the model.
Furthermore, we conducted latent class analysis in Sawtooth Software to examine whether
the preference for a micro-environmental factor depicted in the photographs differed across
subgroups, following the guidelines for conducting latent class analyses in Sawtooth (number
of replications for each solution was set on 15) [47]. Subgroups were created based on having
homogeneous preferences for the micro-environmental factors. The number of subgroups was
determined based on increases in the goodness of fit of the models (expressed as log-likelihood
and chi-square values). To examine differences in characteristics between the subgroups, we
used chi-square analyses for categorical variables and MANOVA for continuous variables
(Tukey post-hoc for homogeneous subgroups, Tham-Hane post-hoc for heterogeneous sub-
groups [48]). Differences among the subgroups of children were examined based on children’s
characteristics, differences among the subgroups of parents were examined based on parental
characteristics, age and gender of the child. Statistical significance was set at p = 0.05.

Results
Descriptive characteristics of the sample

2101 (response rate = 85.4%) children and 1284 (52.2%) parents completed the online ques-
tionnaire, resulting in 1232 child-parent pairs. Tables 2 and 3 show characteristics of the child-
parent pairs. Children with participating parents were somewhat younger than those excluded
from the analyses (10.52 vs 10.62 yrs; p<0.001), had a somewhat higher socio-economic status
[based on FAS-score] (7.13 vs 6.93; p = 0.004), cycled more often to school [five point scale]
(3.11 vs 2.88; p<0.001) and were less often driven to school (3.22 vs 3.38; p<0.01). We found
no other differences for the child’s gender, physical activity levels and perceived cycling skills.
More than 25% of the children did not cycle for transport in a usual week, while more than
50% of the parents indicated that they did not cycle for transport. Parents participating in the
study were more educated compared to the general population (Flemish percentage of tertiary
education = 43.3%, mothers in sample = 63.9%, fathers in sample = 48.8%). One third of the
children indicated to be physically active more than 5 times a week, while 27% of the children
indicated to be physically active only once or twice a week.
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Table 2. Relative importance of the environmental factors within each subgroup among children.

Total sample
Segment Sizes
n=1232
Model fit (RLH) 0.85
Relative attribute importance (%; 95% Cl)
Type cycle path 42.3 (41.8-
42.8)
Speed limits 8.2 (8.0-8.4)
Speed bump 2.4 (2.3-2.6)
Vegetation 4.9 (4.5-5.4)
Evenness of cycle path 12.8 (12.0-
13.6)
Maintenance 15.0 (14.7-
15.3)
Traffic density 14.4 (14.0-
14.8)
Characteristics of the children
Sex (% boys) 49.6
Independent mobility (% not allowed to cycle on 37.5
their own)
Good perceived cycling skills (% totally agree) 56.3
SES (/10) 7114
Age (yrs, Mean * SD) 10.5+0.6
Cycling per week (Minutes + SD) 54.1 £60.9
Parents' cycling per week (Minutes + SD) 47.0£102.8
Parental perceived neighborhood environment (5-point scale)
Amount of single unit houses 32+13
Neighborhood traffic safety 3.6+1.1
Neighborhood safety of crime 1.9+£0.9
Sufficient cycling infrastructure 2712
Good maintenance of cycling infrastructure 2712
Presence of vegetation 32+1.1

2 significant difference with subgroup 1
® significant difference with subgroup 2
¢ significant difference with subgroup 3
dsignificant difference with subgroup 4

doi:10.1371/journal.pone.0143302.t002

Subgroup 1
28.90%
n=378

0.92

65.9 (65.4—
66.4)

7.8(7.3-8.2)

2.0 (1.8-2.2)
45 (4.2-4.8)
6.5 (6.2-6.7)

7.6.(7.3-8.0)

5.7 (5.4-6.0)

53.2
37.6

56.3
72+14
10.6 0.6

62.3 + 66.2¢

471 +85.6

3.4+1.39
37+1.1°
2.0+0.9
26+12
27+1.2
32+1.1

Subgroup 2
26.70%
n =307
0.88

32.3 (31.5-
33.0)

14.2 (13.4-
15.0)

3.3 (3.0-3.6)
6.1 (5.6-6.5)
5.9 (5.5-6.3)

8.1 (7.8-8.5)

30.2 (29.2—
31.2)

52.8
36.8

53.7
71+14
10.5+0.6
51.2+55.9
57.6 + 141.0°

3.1+1.3
35+1.0
1.9+0.9
2711
2711
3.3+1.0

Subgroup 3 Subgroup 4
23.60% 20.90%

n =280 n = 266
0.87 0.91
25.7 (24.8- 33.9 (33.4-
26.5) 34.3)

6.1 (5.6-6.6) 4.0 (3.7-4.3)
3.6 (3.2-4.0) 2.6 (2.3-2.8)
7.1 (6.5-7.7) 5.8 (5.4-6.1)
11.6 (11.1- 29.0 (28.5—
12.1) 29.5)
35.1 (34.3- 12.1 (11.8-
35.8) 12.4)
10.8 (10.3— 12.7 (12.3—-
11.4) 13.1)
46.8 43.8
36.8 39
59.6 55.4
7214 70+1.5
10.5+0.6 105+ 0.6
52.2+64.4 46.7 £ 51.32
46.2+93.5 34.6+79.1°
3.3+13 3.1+£1.3
3.4+1.12 3.7+x1.1
2.0+£0.9 1.9+0.9
2711 27+1.2
2711 2711
3.1+£1.0 3.1+1.1

p-value

0.055
0.948

0.099
0.268
0.120
0.008
0.070

0.015
0.013
0.330
0.729
0.825
0.219

Relative importance of the environmental factors in the total sample

Both children’s and their parents’ choices were mainly determined by the type of cycle path
(see Fig 2, Tables 2 and 3). Among children, maintenance of the street and traffic density were
the second most important factors, followed by evenness of the cycle path, speed limits, vegeta-
tion and presence of speed bumps. Among parents, the second most important factors were

speed limits and maintenance, followed by traffic density and evenness of the cycle path, speed

bumps and vegetation.

Furthermore, clear preferences were observed for a specific level within each environmental

factor among children and their parents (see S6-S11 Tables). Within type of cycle path,
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Table 3. Relative importance of the environmental factors within each subgroup among parents.

Segment Sizes

Model fit (RLH)
Relative attribute importance (%; 95% Cl)
Type cycle path

Speed limits

Speed bump
Vegetation
Evenness of cycle path

Maintenance
Traffic density

Characteristics of the parents
Sex (% fathers)

SES (% tertairy education mother)
SES (% tertairy education father)

Childs' independent mobility (% allowed to cycle alone
to school)

Childs' independent mobility (% allowed to cycle alone
to other destinations)

Age (yrs, Mean * SD)
Cycling per week (Minutes + SD)
Childs' cycling per week (Minutes + SD)

Perceived neighborhood environment (5-point
scale)

Amount of single unit houses
Neighborhood traffic safety

Neighborhood safety of crime

Sufficient cycling infrastructure

Good maintenance of cycling infrastructure
Neighborhood social environment
Presence of vegetation

@ significant difference with subgroup 2
b significant difference with subgroup 3
Csignificant difference with subgroup 4.

doi:10.1371/journal.pone.0143302.t003

Total sample Subgroup 1 Subgroup 2
471% 32.1%
n=1232 n =580 n =395
0.91 0.95 0.88
60.6 (59.9— 70.9 (70.4- 46.0 (45.2—
61.2) 71.4) 46.8)
8.8(85-9.0) 7.6(74-7.9) 5.4(4.9-5.9)
3.9(3.8-4.0) 39(3.6-4.3) 4.3(3.7-4.8)
3.0(2.9-31) 3.8(3.6-4.1) 3.8(3.4-4.1)
7.2(7.0-75)  4.3(4.0-4.6) 14.4 (13.4-
15.3)
8.8(8.4-9.1) 5.3(5.1-5.5) 17.9 (16.9—
18.9)
7.8(75-82) 4.2(3.9-4.4) 8.2 (7.7-8.8)
22.7 23.1 21.0
63.9 68.6 58.7
48.8 52.9 42.0
61.0 62.6 62.0
64.3 65.9 65.8
419+45 41.8+4.3 415+ 4.4°
47.0+102.8 50.7 £ 93.0 35.4+79.8
54.1 £60.9 53.0 £ 58.2 58.1 £ 67.2
3213 3212 32+13
36+1.1 36+1.1 36+1.1
1.9+0.9 1.9+0.8 2.0+£0.9
27+12 27+12 27+12
2.7+1.2 27112 26+1.2
34409 35+09 3.3+09°
32+x1.1 32+1.1 3.1+£1.0

Subgroup 3 Subgroup 4
12.4% 8.4%
n=153 n=104
0.94 0.91
57.3 (56.5— 40.2 (39.3—
58.1) 41.2)
23.3 (22.8- 8.4 (7.6-9.2)

23.7)
53(4.9-57) 29 (2.5-3.3)
29(26-31) 4.3(3.8-4.8)
37 (3.4-4.0)  8.6(8.0-9.1)
42(3.8-4.6) 5.4 (49-5.9)
3.4 (2.9-3.8) 30.2 (29.1-
31.4)
24.2 25.0
63.4 67.6
52.9 45.2
53.6 59.6
54.2 65.4
425+4.8 429 + 5.8
58.0 + 164.6 54.0£111.7
49.0£55.9 53.0 £ 58.0
32+1.3 32+1.3
36+1.0 34+12
2.0+1.0 191+£1.0
2.7+1.2 28+1.1
28+1.2 29+1.1
3.6+1.0% 3.5+£1.0
33+1.1 3.3+x1.1

p-value

0.753
0.140
0.023
0.221

0.051

0.013
0.045
0.393

0.938
0.335
0.392
0.701
0.090
0.014
0.285

children preferred to cycle on an elevated cycle path, separated from traffic with a hedge, and
separated from the pedestrians with a difference in pavement color (part-worth utility = 9.3;
95% CI = 9.0-9.6; see Fig 3A and 3C). This type of cycle path was preferred to all other types of
cycle path, except for an elevated cycle path separated from traffic with a hedge, but no addi-
tional color separation with the pedestrians (part-worth utility = 9.2; 95% CI = 9.2-9.3). An ele-
vated red cycle path (part-worth utility = 8.3; 95% CI = 8.2-8.4) was preferred to an elevated
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Fig 2. The relative importance and standard errors of each environmental factor for both children (A) and their parents (B).

doi:10.1371/journal.pone.0143302.9002

cycle path (part-worth utility = 7.5; 95% CI = 7.3-7.6) and to an advisory cycle path (part-
worth utility = 6.1; 95% CI = 6.0-6.3). The presence of any type of cycle path was preferred to
no cycle path at all (part-worth utilities of all types of cycle path differed significantly from the
reference category, i.e. having no cycle path).

For all other environmental factors (i.e. speed limit, presence of speed bump, evenness of
cycle path, maintenance, vegetation and traffic density), all part-worth utilities significantly dif-
fered from each other and the anticipated best level was preferred within all different
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Fig 3. Part-worth utilities/preferences within type of cycle path among children (A) and their parents (B). Section C visually shows the different types

of cycle path.

doi:10.1371/journal.pone.0143302.9003

environmental factors (i.e. 30km/h, speedbump present, four trees, even cycle path, good main-
tenance and one car). Similar results emerged for parents, except they had a higher preference
for an elevated red cycle path separated with a hedge (part-worth utility = 22.1; 95% CI = 21.8-
22.5; see Fig 3B and 3C) compared to an elevated cycle path with a hedge with no additional
separation with the pedestrians (21.2.; 95% CI = 21.1-21.2). All part-worth utilities of the other
environmental factors differed significantly from each other, with a preference for the antici-
pated best level within each environmental factor (i.e. 30km/h, speedbump present, four trees,
even cycle path, good maintenance and one car).

Subgroup analysis children

Four different subgroups were identified, with specific preferences for some environmental fac-
tors as shown in Table 2 and in S1-S4 Tables. Within the largest group of children (subgroup
1), type of cycle path was by far the most important factor for route choice. Children in this
group reported the highest cycling rates and reported the lowest neighborhood building den-
sity. Within the second group, type of cycle path was also the most important factor but traffic
density was almost as important for route choice. Subgroup 2 consisted of children with
parents who cycled most. Within subgroup 3, route choice was predominantly determined by
maintenance of the street, followed by type of cycle path. This group lived in a neighborhood
with highest perceived traffic safety. Finally, subgroup’s 4 most important factor for route
choice was type of cycle path, but evenness of the cycle path was almost as important within
this subgroup. Subgroup 4 was characterized with the lowest cycling rates for both children
and parents, and lived within neighborhoods with the highest building density across the four
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subgroups. For 76.5% of the children (subgroup 1, 2 and 4), type of cycle path was the most
important factor to determine preferred route choice.

Subgroup analysis parents

Also among parents, there were four subgroups with specific preferences for environmental
factors (see Table 3 and S6-S9 Tables). Across the four subgroups, type of cycle path was of
highest importance. Differences were observed for the second most important factors between
the subgroups. Within the first subgroup, parents’ route choice was predominantly determined
by type of cycle path. In this group, there were more fathers who obtained a tertiary education,
compared to subgroup two and four. In the second subgroup, maintenance and evenness of
cycle path were important factors next to the type of cycle path. This group had the lowest pro-
portion of tertiary educated parents. Additionally, the children from the parents within this
group cycled most, while the parents themselves cycled least among the four groups. In the
third subgroup, type of cycle path was by far the most important factor, followed by evenness
of the cycle path. These parents were those with the highest cycling rates, the best perceived
social neighborhood, but almost half of them restricted their child to cycle independently to
school or to other destinations within the neighborhood which is more than within the three
other subgroups. Finally, within the fourth subgroup type of cycle path was the most important
factor, but traffic density emerged to be important as well. These parents were somewhat older
compared to the parents from the other subgroups and perceived their neighborhood cycling
infrastructure as well maintained. Children’s age (MANOVA F = 1.499, p = 0.213) and gender
(chi-square;y” = 0.506, p = 0.918) did not significantly differ across the four subgroups of
parents.

Discussion

This study examined the relative importance of seven micro-scale environmental factors which
were hypothesized to influence the perceived supportiveness of a street for children’s transpor-
tation cycling. Qualitative research [24] had identified the seven elements as relevant, and the
present study demonstrated quantitative effects. This study highlighted the importance of
cycling infrastructure to increase the supportiveness of a street for children’s transportation
cycling. The choices of children and their parents were predominantly influenced by the type
of cycling infrastructure, which comprised mainly separation from other road users (see Fig 3),
i.e. motorized traffic on the road, and pedestrians on the pavement. Clear preferences were
observed for a separation with motorized traffic by a hedge, rather than no separation or sepa-
ration by lines or a curb among both children and their parents, which is consistent with find-
ings from our previous pilot study [34].

Furthermore, an additional separation from pedestrians by differences in pavement color
was also preferred. Differences in pavement color can be considered as a good tool to separate
walkers and cyclists. A previous study examined the effect of bollards that separated walking
and cycling paths on the supportiveness for transportation cycling among mid-aged adults, but
these were disliked as it limits the swerving alternatives for cyclists [31]. As resources are most
often limited for changing the physical environment, it is important to invest in the environ-
mental factors which are likely to have most effect on cycling behavior. Since the type of cycle
path was the most important factor among 76% of the children and all parents, it is likely that
investments in creating dedicated cycling infrastructure would be most efficient to create
cycling-friendly environments. Cycling infrastructure can increase safety objectively and sub-
jectively [49, 50], especially when it is separated from motorized traffic [51].
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Children and their parents had some minor differences on the importance of the other
micro-scale environmental factors. Although choices by children and parents agreed on the
importance of type of cycle infrastructure, and the limited importance of vegetation and speed
bump, they differed in that children gave more importance to traffic density, while among
parents, traffic speed was of greater importance. It is remarkable that for both children and
parents the general maintenance of the street had a considerable influence on their route choice
preferences. Previous research has identified maintenance as a potentially important factor, as
individuals prefer to be active in places they perceive as aesthetically appealing [22], but it was
not hypothesized to be the second and third most important factor for children and their
parents, respectively. Multiple studies showed that poor maintenance of the streets is a physical
cue to social disorder [52]. It raises the fear of crime, and as a results, one could expect them to
affect route choice for children’s cycling. A recent study examined the effect of physical disor-
der, such as well-maintained pavements, litter, vegetation in cracks, building maintenance etc.,
on children’s walking behavior, and concluded that the presence of a physical disorder reduced
the likelihood of choosing a street for walking among both children and their parents [33]. As
parents’ main focus was expected to be on safety-related elements [23], it could be that the
presence of litter and graffiti was perceived as an indicator of low social neighborhood safety
(from crime) rather than as aesthetically unpleasant [53, 54]. Finally, evenness of the cycle path
was in our previous pilot study identified as the most important factor for children [34], while
in the current study evenness of the cycle path was the third most important factor. In the pilot
study, maintenance of the street and traffic density were kept constant and this study shows
that these factors are more decisive on children’s route choice compared to evenness of the
cycle path. Evenness relates more to comfort, which is subordinate to safety (traffic density and
type of cycle path) and aesthetics (maintenance) for children.

Furthermore, both parents and children preferred 30km/h compared to 50 km/h, an even
cycle path compared to a moderately or very uneven cycle path, presence of a speed bump,
presence of vegetation compared to some or no vegetation, and low traffic density compared to
higher traffic density with presence of trucks. These results indicate that future changes in the
physical environment may benefit from improvements in the micro-scale environmental fac-
tors examined to increase the supportiveness for transportation cycling. If these findings hold,
they suggest that communities can make relatively inexpensive and easy changes to the
environment in order to increase children’s transportation cycling. These micro-scale environ-
mental factors are the responsibility of local government, which means that micro-scale envi-
ronmental changes can be conducted more rapidly compared to macro-scale factors such as
the street connectivity [55].

When examining the subgroup analyses among both children and the parents, it was notice-
able that there were subgroups that differed in preferences for specific environmental factors,
but there were not many differences in characteristics between these subgroups (see Tables 2
and 3). The factors that were hypothesized to be associated with different preferences could
only explain some differences between the groups. It could be that there are other individual
characteristics, not included in this study that can explain the differences in individual prefer-
ences. For example, more information about cycling experience, such as fall history, might
explain individual preferences. However, Stamps and colleagues found high correlation
between environmental preferences across different demographic subgroups, but differences
were observed regarding preferences among children and adults, which our study results also
confirm [56]. For most participants (76.5% of the children and all parents), the type of cycle
path appeared to be the most important factor. Previous studies consistently indicated that
lack of infrastructure and low (perceived) safety are important barriers for children’s active
transport, including cycling [20, 23]. Changing the physical environment by installing cycle
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paths, well-separated from motorized traffic, with an even surface and good street mainte-
nance, low motorized traffic speed and low traffic density might induce a change in both the
objective and perceived safety of that street, and therefore be most successful in promoting
cycling for transport among children. We call for observations of behavior in real environ-
ments to test the validity of the present findings.

Strengths and limitations

The present study heeded the call for studies of context-specific influences on cycling behavior
[57], by leading the way in examining the relative importance of many physical environmental
elements to a specific behavior, i.e. transportation cycling among children. In response to a
lack of research on children’s environmental preferences for cycling [24, 58], the present study
not only examined children’s preferences but it also used stated preference methods, typically
used for adult cyclists [59] but for only one environmental factor, i.e. on bicycle infrastructure
[60-62]. Additionally, the use of manipulated photographs integrated within a choice-based
conjoint task addresses the shortcomings of the use of questionnaires [27, 28] and enables the
examination of potentially causal relations between physical environmental factors and the
supportiveness of a street for transportation cycling. Finally, a large sample of matched child-
parent pairs participated in the study, which ensures that a wide variety of individuals was
reached and which allows comparison between children’s and parents’ preferences, as we know
that perceptions of both parents and children are important for deciding whether to cycle or
not.

We acknowledge some caveats. The present research asked participants to indicate which
route (displayed in photographs) they prefer to cycle along. We call for research that examines
the degree to which changing these micro-scale environmental factors affects children’s cycling
for transport. In light of possible selectivity in the sample (participants with computer at home,
high proportion of mothers), researchers might seek a broader and more diverse sample of
respondents.

Conclusions

This study highlights the importance of micro-scale environmental factors on creating envi-
ronments that are supportive for children’s transportation cycling. For both children and their
parents, it was found that having any dedicated place to cycle (cycle path separated from
motorized traffic by at least lines, or better, a curb or a hedge) appeared to be the most impor-
tant factor to create a supportive environment for children’s cycling. In order to promote chil-
dren’s transportation cycling, structural changes within the neighborhood might be most
effective when having a clearly separated cycle path, separated from traffic with a hedge and
being separated from the sidewalk with some color. These findings must be confirmed by
on-site experimental research. If the results can be confirmed and implemented, the present
findings can improve the quality of streets, increase cycling, improve health, reduce traffic con-
gestion and improve quality of life for millions of people.

Supporting Information

S$1 Table. Visual tool of the conducted manipulations in the photographs.
(DOCX)

S2 Table. part-worth utilities within children’s subgroup 1.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0143302 December 1,2015 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s002

@’PLOS ‘ ONE

Which Micro-Scale Factors Are Most Important for Children's Cycling?

S3 Table. part-worth utilities within children’s subgroup 2.
(DOCX)

S4 Table. part-worth utilities within children’s subgroup 3.
(DOCX)

S5 Table. part-worth utilities within children’s subgroup 4.
(DOCX)

S6 Table. part-worth utilities within the total sample of children.
(DOCX)

S7 Table. part-worth utilities within parents’ subgroup 1.
(DOCX)

S8 Table. part-worth utilities within parents’ subgroup 2.
(DOCX)

S9 Table. part-worth utilities within parents’ subgroup 3.
(DOCX)

$10 Table. part-worth utilities within parents’ subgroup 4.
(DOCX)

S11 Table. part-worth utilities within the total sample of parents.
(DOCX)

Acknowledgments

The authors want to thank all school principals who agreed to be involved in the study. We
also want to thank all the participating children and their parents for their interest in the study.
Furthermore, thanks to Daphne Reiner for performing the photo manipulations. Finally,
thanks to master students Lisa Vynckier, Yasmine Van Beek, Lien Mertens, Carolien Schelle-
kens, Robin De Keukeleire, Julie Gillis and Marie-Amelie Minnaert for their assistance with
data collection.

Author Contributions

Conceived and designed the experiments: AG JVC LM BD IDB JS JN BDG PC GC. Performed
the experiments: AG. Analyzed the data: AG JVC. Contributed reagents/materials/analysis
tools: AG JVC LM BD IDB JS JN BDG PC GC. Wrote the paper: AG JVC BD.

References

1. Sjostrom M, Oja P, Hagstromer M, Smith BJ, Bauman A. Health-enhancing physical activity across
European Union countries: the Eurobarometer study. Journal of Public Health. 2006 2006/10/01; 14
(5):291-300.

2. BrugJ, van Stralen MM, te Velde SJ, Chinapaw MJM, De Bourdeaudhuij I, Lien N, et al. Differences in
Weight Status and Energy-Balance Related Behaviors among Schoolchildren across Europe: The
ENERGY-Project. PLoS ONE. 2012; 7(4):€34742. doi: 10.1371/journal.pone.0034742 PMID:
22558098

3. Salmon J, Booth ML, Phongsavan P, Murphy N, Timperio A. Promoting physical activity participation
among children and adolescents. Epidemiologic reviews. 2007; 29(1):144-59.

4. Faulkner GEJ, Buliung RN, Flora PK, Fusco C. Active school transport, physical activity levels and
body weight of children and youth: A systematic review. Prev Med. [Review]. 2009 Jan; 48(1):3-8. doi:
10.1016/j.ypmed.2008.10.017 PMID: 19014963

PLOS ONE | DOI:10.1371/journal.pone.0143302 December 1,2015 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0143302.s011
http://dx.doi.org/10.1371/journal.pone.0034742
http://www.ncbi.nlm.nih.gov/pubmed/22558098
http://dx.doi.org/10.1016/j.ypmed.2008.10.017
http://www.ncbi.nlm.nih.gov/pubmed/19014963

@’PLOS ‘ ONE

Which Micro-Scale Factors Are Most Important for Children's Cycling?

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

D'Haese S, De Meester F, De Bourdeaudhuij I, Deforche B, Cardon G. Criterion distances and environ-
mental correlates of active commuting to school in children. International Journal of Behavioral Nutrition
and Physical Activity. 2011; 8(1):88.

Pucher J, Buehler R. Making Cycling Irresistible: Lessons from The Netherlands, Denmark and Ger-
many. Transport Reviews. 2008; 28(4):495-528.

Pucher J, Buehler R. Cycling for Everyone: Lessons from Europe. Transportation Research Record:
Journal of the Transportation Research Board. 2008; 2074(-1):58-65.

Andersen LB, Wedderkopp N, Kristensen P, Moller NC, Froberg K, Cooper AR. Cycling to school and
cardiovascular risk factors: a longitudinal study. J Phys Act Health. 2011; 8(8):1025-33. PMID:
22039135

Ostergaard L, Barrestad LA, Tarp J, Andersen LB. Bicycling to school improves the cardiometabolic
risk factor profile: a randomised controlled trial. BMJ open. 2012; 2(6):28.

Andersen LB, Lawlor DA, Cooper AR, Froberg K, Anderssen SA. Physical fitness in relation to transport
to school in adolescents: the Danish youth and sports study. Scandinavian journal of medicine & sci-
ence in sports. 2009; 19(3):406—11. doi: 10.1111/j.1600-0838.2008.00803.x PMID: 18492054

Bere E, Oenema A, Prins RG, Seiler S, Brug J. Longitudinal associations between cycling to school
and weight status. International Journal of Pediatric Obesity. [Article]. 2011 Aug; 6(3—4):182-7. doi: 10.
3109/17477166.2011.583656 PMID: 21644849

Ostergaard L, Grontved A, Borrestad LA, Froberg K, Gravesen M, Andersen LB. Cycling to school is
associated with lower BMI and lower odds of being overweight or obese in a large population-based
study of Danish adolescents. J Phys Act Health. 2012; 9(5):617-25. PMID: 22733866

Lubans D, Boreham C, Kelly P, Foster C. The relationship between active travel to school and health-
related fitness in children and adolescents: a systematic review. International Journal of Behavioral
Nutrition and Physical Activity. 2011 2011/01/26; 8(1):1—12.

Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O, Banister D, et al. Public health benefits of
strategies to reduce greenhouse-gas emissions: urban land transport. The Lancet. 2009; 374
(9705):1930-43.

Oja P, Titze S, Bauman A, de Geus B, Krenn P, Reger-Nash B, et al. Health benefits of cycling: a sys-
tematic review. Scandinavian journal of medicine & science in sports. 2011; 21(4):496-509. doi: 10.
1111/.1600-0838.2011.01299.x PMID: 21496106

Declercq K, Janssens D, Wets G. Onderzoek Verplaatsingsgedrag 4.5 (september 2012-september
2013). In: Engineering DoMaC, editor. Hasselt: Institue of Mobility; 2014. p. 218.

Ducheyne F, De Bourdeaudhuij |, Spittaels H, Cardon G. Individual, social and physical environmental
correlates of 'never' and 'always' cycling to school among 10 to 12 year old children living within a 3.0
km distance from school. International Journal of Behavioral Nutrition and Physical Activity. 2012; 9
(1):142.

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to creating
active living communities. Annual Review of Public Health. [Article]. 2006; 27(1):297-322.

Handy S, Van Wee B, Kroesen M. Promoting Cycling for Transport: Research Needs and Challenges.
Transport Reviews. [Article]. 2014 Jan; 34(1):4—24.

Panter J, Jones A, van Sluijs E. Environmental determinants of active travel in youth: A review and
framework for future research. International Journal of Behavioral Nutrition and Physical Activity. 2008;
5:34—48. doi: 10.1186/1479-5868-5-34 PMID: 18573196

Davison KK, Werder JL, Lawson CT. Children's active commuting to school: current knowledge and
future directions. Preventing Chronic Disease. 2008; 5(3):A100. PMID: 18558018

Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE. Neighborhood Environment and Physical Activity
Among Youth: A Review. American Journal of Preventive Medicine. 2011; 41(4):442-55. doi: 10.1016/
j.-amepre.2011.06.036 PMID: 21961474

Carver A, Timperio A, Crawford D. Playing it safe: The influence of neighbourhood safety on children's
physical activity—A review. Health & Place. 2008; 14(2):217-27. PMID: 17662638

Ghekiere A, Van Cauwenberg J, de Geus B, Clarys P, Cardon G, Salmon J, et al. Critical environmental
factors of transportation cycling in children: a qualitative study using bike-along interviews. Plos One.
2014;9(9).

Carver A, Timperio AF, Crawford DA. Young and free? A study of independent mobility among urban
and rural dwelling Australian children. Journal of Science and Medicine in Sport. [Article]. 2012 Nov; 15
(6):505—-10. doi: 10.1016/j.jsams.2012.03.005 PMID: 22497720

Kusenbach M. Street Phenomenology: The Go-Along as Ethnographic Research Tool. Ethnography.
2003 September 1, 2003; 4(3):455-85.

PLOS ONE | DOI:10.1371/journal.pone.0143302 December 1,2015 16/18


http://www.ncbi.nlm.nih.gov/pubmed/22039135
http://dx.doi.org/10.1111/j.1600-0838.2008.00803.x
http://www.ncbi.nlm.nih.gov/pubmed/18492054
http://dx.doi.org/10.3109/17477166.2011.583656
http://dx.doi.org/10.3109/17477166.2011.583656
http://www.ncbi.nlm.nih.gov/pubmed/21644849
http://www.ncbi.nlm.nih.gov/pubmed/22733866
http://dx.doi.org/10.1111/j.1600-0838.2011.01299.x
http://dx.doi.org/10.1111/j.1600-0838.2011.01299.x
http://www.ncbi.nlm.nih.gov/pubmed/21496106
http://dx.doi.org/10.1186/1479-5868-5-34
http://www.ncbi.nlm.nih.gov/pubmed/18573196
http://www.ncbi.nlm.nih.gov/pubmed/18558018
http://dx.doi.org/10.1016/j.amepre.2011.06.036
http://dx.doi.org/10.1016/j.amepre.2011.06.036
http://www.ncbi.nlm.nih.gov/pubmed/21961474
http://www.ncbi.nlm.nih.gov/pubmed/17662638
http://dx.doi.org/10.1016/j.jsams.2012.03.005
http://www.ncbi.nlm.nih.gov/pubmed/22497720

@’PLOS ‘ ONE

Which Micro-Scale Factors Are Most Important for Children's Cycling?

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.
48.

Carpiano RM. Come take a walk with me: The “Go-Along” interview as a novel method for studying the
implications of place for health and well-being. Health & Place. 2009; 15(1):263-72. doi: 10.1016/j.
healthplace.2008.05.003 PMID: 18606557

Mitra R, Buliung RN. Built environment correlates of active school transportation: neighborhood and the
modifiable areal unit problem. J Transp Geogr. 2012; 20(1):51-61.

Chaix B, Meline J, Duncan S, Merrien C, Karusisi N, Perchoux C, et al. GPS tracking in neighborhood
and health studies: a step forward for environmental exposure assessment, a step backward for causal
inference? Health & Place. 2013; 21:46-51. doi: 10.1016/j.healthplace.2013.01.003 PMID: 23425661

Van Cauwenberg J, Van Holle V, De Bourdeaudhuij |, Clarys P, Nasar J, Salmon J, et al. Using Manipu-
lated Photographs to Identify Features of Streetscapes That May Encourage Older Adults to Walk for
Transport. Plos One. 2014; 9(11):e112107. doi: 10.1371/journal.pone.0112107 PMID: 25396732

Mertens L, Van Holle V, De Bourdeaudhuij |, Deforche B, Salmon J, Nasar J, et al. The effect of chang-
ing micro-scale physical environmental factors on an environment's invitingness for transportation
cycling in adults: an exploratory study using manipulated photographs. International Journal of Behav-
ioral Nutrition and Physical Activity. 2014; 11(1):88.

Van Cauwenberg J, Van Holle V, De Bourdeaudhuij |, Clarys P, Nasar J, Salmon J, et al. Physical Envi-
ronmental Factors that Invite Older Adults to Walk for Transportation. Journal of Environmental Psy-
chology. 2014(0: ).

Nasar JL, Holloman C, Abdulkarim D. Street characteristics to encourage children to walk. Transporta-
tion Research Part A: Policy and Practice. 2015; 72(0):62—-70.

Ghekiere A, Van Cauwenberg J, Mertens L, Clarys P, de Geus B, Cardon G, et al. Assessing cycling-
friendly environments for children: are micro-environmental factors equally important across different
street settings? International Journal of Behavioral Nutrition and Physical Activity. 2015; 12(1):54.

Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better understanding of the influences on
physical activity: The role of determinants, correlates, causal variables, mediators, moderators, and
confounders. American Journal of Preventive Medicine. 2002; 23(2, Supplement 1):5-14. PMID:
12133733

Timperio A, Crawford D, Telford A, Salmon J. Perceptions about the local neighborhood and walking
and cycling among children. Prev Med. 2004; 38(1):39-47. PMID: 14672640

Orme BK, editor. Getting started with Conjoint Analysis: Strategies for Product Design and Pricing
Research. LLC, Madison, WI2006.

Benson J, Scriven A. Psychological, social and environmental barriers to cycling to school. Interna-
tional Journal of Health Promotion and Education. 2012 2012/01/01; 50(1):34—44.

Carver A, Timperio AF, Crawford DA. Bicycles gathering dust rather than raising dust—Prevalence and
predictors of cycling among Australian schoolchildren. J Sci Med Sport. 2014; 18(14):00130-3.

Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M. Researching health inequalities in
adolescents: the development of the Health Behaviour in School-Aged Children (HBSC) family afflu-
ence scale. Social Science & Medicine. 2008; 66(6):1429-36. doi: 10.1016/j.socscimed.2007.11.024
PMID: 18179852

Biddle S, Gorely T, Pearson N, Bull F. An assessment of self-reported physical activity instruments in
young people for population surveillance: Project ALPHA. International Journal of Behavioral Nutrition
and Physical Activity. 2011; 8(1):1.

Nordh H, Hartig T, Hagerhall CM, Fry G. Components of small urban parks that predict the possibility
for restoration. Urban Forestry & Urban Greening. [Article]. 2009; 8(4):225-35.

Faulkner G, Stone M, Buliung R, Wong B, Mitra R. School travel and children's physical activity: a
cross-sectional study examining the influence of distance. BMC Public Health. [Article]. 2013 Dec; 13.
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical
activity questionnaire: 12-country reliability and validity. Medicine in Science of Sports and Exercise
2003; 35(8):1381-95.

Sallis JF, Kerr J, Carlson JA, Norman GJ, Saelens BE, Durant N, et al. Evaluating a brief self-report
measure of neighborhood environments for physical activity research and surveillance: Physical Activ-

ity Neighborhood Environment Scale (PANES). J Phys Act Health. 2010; 7(4):533—40. PMID:
20683096

Allenby GM, Arora N, Ginter JL. On the heterogeneity of demand. Journal of Marketing Research.
1998:384-9.

SawtoothSoftware. The CBC Latent Class Technical Paper (version 3): Sawtooth Software2004.
Field A. Discovering statistics using IBM SPSS statistics: Sage; 2013.

PLOS ONE | DOI:10.1371/journal.pone.0143302 December 1,2015 17/18


http://dx.doi.org/10.1016/j.healthplace.2008.05.003
http://dx.doi.org/10.1016/j.healthplace.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/18606557
http://dx.doi.org/10.1016/j.healthplace.2013.01.003
http://www.ncbi.nlm.nih.gov/pubmed/23425661
http://dx.doi.org/10.1371/journal.pone.0112107
http://www.ncbi.nlm.nih.gov/pubmed/25396732
http://www.ncbi.nlm.nih.gov/pubmed/12133733
http://www.ncbi.nlm.nih.gov/pubmed/14672640
http://dx.doi.org/10.1016/j.socscimed.2007.11.024
http://www.ncbi.nlm.nih.gov/pubmed/18179852
http://www.ncbi.nlm.nih.gov/pubmed/20683096

@’PLOS ‘ ONE

Which Micro-Scale Factors Are Most Important for Children's Cycling?

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Teschke K, Harris MA, Reynolds CCO, Winters M, Babul S, Chipman M, et al. Route Infrastructure and
the Risk of Injuries to Bicyclists: A Case-Crossover Study. American journal of public health. 2012
2012/12/01; 102(12):2336—43. doi: 10.2105/AJPH.2012.300762 PMID: 23078480

Reynolds C, Harris M, Teschke K, Cripton P, Winters M. The impact of transportation infrastructure on
bicycling injuries and crashes: a review of the literature. Environ Health. 2009; 8(1):47.

de Rome L, Boufous S, Georgeson T, Senserrick T, Richardson D, Ivers R. Bicycle Crashes in Different
Riding Environments in the Australian Capital Territory. Traffic Inj Prev. [Article]. 2014 Jan; 15(1):81-8.
doi: 10.1080/15389588.2013.781591 PMID: 24279970

Nasar JL. Assessing Perceptions of Environments for Active Living. American Journal of Preventive
Medicine. 2008; 34(4):357-63. doi: 10.1016/j.amepre.2008.01.013 PMID: 18374252

Foster S, Villanueva K, Wood L, Christian H, Giles-Corti B. The impact of parents' fear of strangers and
perceptions of informal social control on children's independent mobility. Health & Place. [Article]. 2014
Mar; 26:60-8. doi: 10.1016/j.healthplace.2013.11.006 PMID: 24374289

Ding D, Bracy NL, Sallis JF, Saelens BE, Norman GJ, Harris SK, et al. Is fear of strangers related to
physical activity among youth? American journal of health promotion: AJHP. 2012; 26(3):189-95. doi:
10.4278/ajhp.100701-QUAN-224 PMID: 22208419

Swinburn B, Egger G, Raza F. Dissecting obesogenic environments: the development and application
of a framework for identifying and prioritizing environmental interventions for obesity. Prev Med. 1999;
29(6 Pt 1):563-70. PMID: 10600438

Stamps AE. Demographic Effects in Environmental Aesthetics: A Meta-Analysis. Journal of Planning
Literature. 1999 November 1, 1999; 14(2):155-75.

Sugiyama T, Koohsari MJ, Mavoa S, Owen N. Activity-Friendly Built Environment Attributes and Adult
Adiposity. Current Obesity Reports. 2014; 3(2):183-98.

Fusco C, Moola F, Faulkner G, Buliung R, Richichi V. Toward an understanding of children’s percep-
tions of their transport geographies: (non)active school travel and visual representations of the built
environment. J Transp Geogr. 2012; 20(1):62-70.

Ehrgott M, Wang JYT, Raith A, van Houtte C. A bi-objective cyclist route choice model. Transportation
Research Part A: Policy and Practice. 2012; 46(4):652—63.

Caulfield B, Brick E, McCarthy OT. Determining bicycle infrastructure preferences—A case study of
Dublin. Transport Res Part D-Transport Environ. [Article]. 2012 Jul; 17(5):413-7.

Stinson M, Bhat C. Commuter Bicyclist Route Choice: Analysis Using a Stated Preference Survey.
Transportation Research Record: Journal of the Transportation Research Board. 2003; 1828(-1):107—
15.

Wardman M, Hatfield R, Page M. The UK national cycling strategy: can improved facilities meet the tar-
gets? Transport Policy. 1997; 4(2):123-33.

PLOS ONE | DOI:10.1371/journal.pone.0143302 December 1,2015 18/18


http://dx.doi.org/10.2105/AJPH.2012.300762
http://www.ncbi.nlm.nih.gov/pubmed/23078480
http://dx.doi.org/10.1080/15389588.2013.781591
http://www.ncbi.nlm.nih.gov/pubmed/24279970
http://dx.doi.org/10.1016/j.amepre.2008.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18374252
http://dx.doi.org/10.1016/j.healthplace.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24374289
http://dx.doi.org/10.4278/ajhp.100701-QUAN-224
http://www.ncbi.nlm.nih.gov/pubmed/22208419
http://www.ncbi.nlm.nih.gov/pubmed/10600438

