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Abstract

Background: The study aimed to investigate if psychosocial factors moderate the association between objective
walkability and different domains of children’s physical activity (PA). A second aim of the study was to investigate
the direct associations between psychosocial factors and children’s PA. Based on previous literature, it was
hypothesized that walkability would be more strongly related to PA among children with negative psychosocial
profiles.

Methods: Data were collected between December 2011 and May 2013 as part of the Belgian Environmental
Physical Activity Study in children (BEPAS-child). In total, data from 494 children and one of their parents were
included in the study. Children wore an accelerometer for 7 consecutive days and together with one of their
parents, they completed the Flemish Physical Activity Questionnaire. Parents filled out a questionnaire concerning
their child’s psychosocial factors toward PA (i.e. parental attitude toward their child’s PA, parental social norm
toward their child’s PA, parental support, friend support, children’s self-efficacy, and perceived benefits and barriers
toward sports and PA). Neighborhood walkability was calculated using geographical information systems (GIS).
Multilevel cross-classified analyses were conducted.

Results: Of the 42 investigated interactions between neighborhood walkability and psychosocial factors in relation
to PA among children, only 7 significant interactions were found of which 3 were only significant among children
from low-income neighborhoods.
Parental support and self-efficacy were positive correlates of children’s PA in high- and low-income neighborhoods
independent of the level of walkability, but effect sizes were small.

Conclusions: The hypothesis that walkability would be more strongly related to PA among children with negative
psychosocial profiles could not be confirmed and in general, psychosocial factors and objective walkability did not
interact in relation to children’s PA. Focusing on parental support and self-efficacy towards PA can possibly cause
small effects on children’s PA in both high- and low-walkable neighborhoods, as well as in high- and low-income
neighborhoods.
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Background
Despite the numerous health benefits of being suffi-
ciently physically active during childhood [1], many chil-
dren do not meet the PA guidelines of engaging daily in
60 min of moderate- to vigorous-intensity physical activ-
ity (MVPA) [2]. Therefore, it is necessary to obtain
insight into physical activity (=PA) determinants among
children. When the PA determinants are identified, fo-
cusing on these factors in future interventions may re-
sult in increased PA levels among children [3].
Ecological models state that PA can be explained by in-
dividual (e.g. psychological factors) as well as environ-
mental (e.g. neighborhood characteristics, social
environment) factors [4]. To date, the direct association
between psychosocial factors (e.g. parental support), the
neighborhood environment (e.g. walkability) and chil-
dren’s PA has been thoroughly investigated [5–11].
In review studies, self-efficacy, parental PA (for boys),

and parental support [10] were positively associated and
perceived barriers toward PA [11] were negatively asso-
ciated with children’s PA. On the other hand, the associ-
ation between objective neighborhood walkability
(characterized by residential density, street connectivity
and land use mix diversity [12]) and children’s PA is less
univocal [5, 13–17]. In a Belgian study with the current
9- to 12-year-old study sample, objective walkability was
positively related to walking for transportation during
leisure and was negatively related to sports during leis-
ure only in low-income neighborhoods [17]. Further, no
direct associations were found between objective walk-
ability and active transportation to school (=ATS), cyc-
ling for transportation during leisure and objective
MVPA on weekend- and weekdays [17]. Thus, in con-
trast to adult studies, in which higher walkability has
been consistently related to more PA [18–21], only few
direct associations between objective walkability and
children’s PA were found and these associations were
dependent on the domain of PA.
According to ecological models, it is likely that factors

at different levels (e.g. walkability at the environmental
level and psychological factors at the individual level) of
the ecological model for PA interact with each other [4].
For example, it is possible that high walkability is related
to more cycling for transportation during leisure, only
among children with negative psychosocial profiles to-
ward PA and that cycling levels among children with
positive psychosocial factors are high, irrespective of
their neighborhood walkability. However, the ecological
model for PA does not specify which interactions be-
tween which factors can be expected or which interac-
tions are most important to explain children’s PA [4].
Therefore, it is important to investigate which interac-
tions exist between objective walkability and several psy-
chosocial factors in relation to different domains of

children’s PA. Several interactions between psychosocial
factors and walkability in relation to PA were already iden-
tified among adolescents [22], adults [23, 24] and older
adults [25, 26]. Among Belgian adolescents, it was found
that in low-income neighborhoods, neighborhood walk-
ability was positively associated with PA among adoles-
cents who perceived many barriers and few benefits, while
for adolescents who perceived few barriers and many ben-
efits, the PA level was high, irrespective of neighborhood
walkability [22]. Among Belgian adults, it was found that
living in a high walkable neighborhood was associated
with taking more steps, especially among adults with a
preference for passive transport and/or a low intention to
walk or cycle [24]. Among Belgian older adults walkability
was positively associated with recreational walking in
those with high self-efficacy [26]. However, to our know-
ledge, these interactions were not investigated among chil-
dren yet. More insight into how neighborhood walkability
and different psychosocial characteristics interact in rela-
tion to children’s PA, can help to identify groups in need
of targeted interventions and to develop effective inter-
ventions to increase children’s PA.
Therefore, the aim of this study was to investigate if

psychosocial factors moderate the association between
walkability and different domains of children’s PA. Based
on the results of previous studies among adolescents
and adults, it was hypothesized that walkability would be
more strongly related to children’s PA when children
have a negative psychosocial profile (e.g. children who
perceive many barriers and few benefits) toward PA,
whereas children with more positive psychosocial factors
engage in high levels of PA, irrespective of their neigh-
borhood walkability. More specifically, based on previ-
ous research among children [17], positive associations
are expected between walkability and active transporta-
tion to school, walking and cycling for transportation
during leisure and MVPA on week- and weekend days
among children with negative psychosocial profiles.
Negative associations are expected between walkability
and sports during leisure, among children with negative
psychosocial profiles. Among children with more posi-
tive psychosocial profiles, it is expected that walkability
is less important to explain their PA. As in previous ana-
lyses, walkability was only associated to PA among chil-
dren living in low-income neighborhoods, analyses were
stratified for low- and high-income neighborhoods when
a significant three-way interaction between walkability,
neighborhood income and psychosocial factors was
found in relation to PA.
A second aim of this study was to describe the main

effects of psychosocial factors in relation to different do-
mains of children’s PA. It was hypothesized that having a
more positive psychosocial profile toward PA would be
related to more PA among children.
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Methods
Procedure
Data were collected between December 2011 and May
2013 as part of the Belgian Environmental Physical Activ-
ity Study in children (BEPAS-child). Principals (n = 46)
from primary schools in Ghent (237000 inhabitants,
15685 km2) were asked to participate. In total, 18 (34.6%)
agreed and gave written informed consent. All children
and their parents from fourth, fifth and sixth grade (n =
994) were informed about the study and 606 parents
(61.0%) gave written informed consent. Due to practical
limitations, objective walkability data were only collected
for children living in Ghent. Therefore, of these 606 chil-
dren who participated, 112 children were excluded as no
objective walkability data were available (69 children did
not live in Ghent and 43 parents did not fill out children’s
home address in the questionnaire). This resulted in a
final sample of 494, 9- to 12-year-old children (Fig. 1).
Children were asked to wear an accelerometer for 7

consecutive days, to fill out a questionnaire at school
and one of the parents was asked to fill out a question-
naire together with his/her child. The Ethics Committee
of the Ghent University Hospital approved the study.

Measurements
Demographic variables
Sex was derived from children’s questionnaire and chil-
dren’s age from the parental questionnaire. Educational
attainment of both parents was used as a proxy for fam-
ily socio-economic status (SES). Parents were asked to
report their level of education (response options: pri-
mary school education, vocational, technical, general or
art secondary education, college education or university
education). Families were classified as high SES families

if the educational level of at least one parent was of a
college or university education level; otherwise they were
classified as low/medium SES families. Educational at-
tainment was used as a proxy for family SES, as educa-
tional attainment is easy to measure and is fairly stable
in early adulthood, and higher levels of education are
usually associated with better jobs, housing, neighbor-
hoods, working conditions and higher incomes [27]
which are usually related to higher SES.

Physical activity
PA was measured using two complementary methods:
accelerometry and questionnaires. These methods are
not interchangeably as they are not assessing the same
thing [28]. Accelerometry was used to determine chil-
dren’s overall PA in an objective way by measuring ac-
celerations of the body. The Flemish Physical Activity
Questionnaire was used to determine PA among chil-
dren in different contexts.
Objective MVPA was determined by accelerometers.

Children wore an ActigraphTM GT1M, GT3X or GT3X+
accelerometer (15 s epoch) during waking hours for 7
consecutive days. Strong agreement was found between
these activity monitors for measuring children’s MVPA
[29], making it acceptable to use different models within
a given study. The accelerometer was worn on the right
hip. Accelerometer data were screened, cleaned and
scored using data-reduction software MeterPlus 4.2.
Periods of 20 min of consecutive zeros or more were re-
moved and defined as non-wear time [30, 31]. Non-wear
time activity diaries were provided to register activities
for which the accelerometer was removed and were used
to replace the consecutive number of zeros by the cor-
rected minutes MVPA [32]. MVPA was calculated using

Fig. 1 Flowchart of the data-collection
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the cutpoints of Evenson (>2296 counts per minute was
defined as MVPA), as these cutpoints were recom-
mended in a comparative validity study [33, 34]. Chil-
dren were included in the study if they had at least 2
weekdays with minimum 10 h wear time or 1 weekend
day with minimum 8 h wear time [35].
Children’s reported PA was assessed with the Flemish

Physical Activity Questionnaire (FPAQ). Parents were asked
to fill out the questionnaire at home together with their
child and to report their child’s PA levels in a usual week.
This questionnaire has been shown to be a reliable and rea-
sonably valid instrument to assess different dimensions of
PA in children, especially when completed with parental as-
sistance [36]. The number of minutes per day of walking
and cycling for transport during leisure, ATS and sports
during leisure were derived from the questionnaire.

Neighborhood variables

Neighborhood income Ghent consists of 201 statistical
sectors (the smallest administrative entities for which
statistical data are available). Median annual household
income data (National Institute of Statistics–Belgium,
2008) were used to determine neighborhood income of
the different statistical sectors. Neighborhoods were
characterized as low-income (income <€22,359) or high-
income (income ≥€22,359) neighborhoods based on the
median.

Walkability Objective neighborhood walkability was
calculated using a geographical information system
(GIS) database. Geographical data were obtained from
the Service for Environmental Planning in Ghent in
2012.
Residential density, intersection density and land use

mix diversity of each neighborhood (i.e. statistical sector)
were determined and z-scores were calculated. Walkabil-
ity was calculated as follows: walkability = (2*z-connect-
ivity) + (z-residential density) + (z-land use mix). Because
no data of ‘retail floor area’ were available, this was
omitted from the original formula of Frank and col-
leagues [37]. Residential density was calculated using the
ratio of residential units to the land area devoted to resi-
dential use. Connectivity was represented by the ratio of
the number of intersections (3 or more streets) to the
land area. Land use mix indicated the degree of diversity
of land use types. Five land use types were considered:
residential, retail, office, institutional, and recreational.
Neighborhoods were characterized as low walkable or
high walkable, based on the median.

Psychosocial factors
Parental attitude toward their child’s PA, parental social
norm toward their child’s PA, parental support, friend

support, and self-efficacy, perceived benefits and barriers
toward sports and PA were parental reported, as parents
are often seen as the main decision makers for their
child. Questions were answered from parents’ viewpoint,
concerning children’s psychosocial factors. Questions to
assess psychosocial factors were derived from previous
studies among adults and adolescents [22, 38–42]. These
psychosocial factors were derived from the ASE-model
by De Vries et al. [43]. The predictive validity and reli-
ability of these items has been demonstrated previously
among adolescents and adults [44, 45]. Table 1 gives an
overview of the content and response options of the psy-
chosocial factors. The scores (range 1–5) on the differ-
ent items per factor were summed, with a higher score
representing better psychosocial factors toward PA.
Cronbach Alpha’s ranged from 0.71 until 0.85. No reli-
ability data were available for these factors measuring
children’s psychosocial characteristics reported by their
parents.

Analyses
Descriptive characteristics of the sample were analyzed
using SPSS20. PA variables were logarithmically trans-
formed to improve normality. After the transformation,
skewness values were lower than |0.7| for al PA vari-
ables, except for walking for transportation during leis-
ure (skewness −0.844). Linear regression analyses were
conducted in MLwiN2.32. Multilevel modeling was used
to take into account clustering of children within classes
within schools; and schools, classes and neighborhoods
were treated as cross-classified. Model parameter esti-
mates were obtained via Markov Chain Monte Carlo
procedures applying an orthogonal parameterization
[46]. Before multilevel regression analyses were con-
ducted, multicollinearity within psychosocial factors was
checked by conducting Pearson’s correlations in SPSS20.
The magnitude of the correlation coefficients did not ex-
ceed 0.60, indicating that multicollinearity was not
present. Given that the association between neighbor-
hood walkability and children’s may differ between low-
versus high-income neighborhoods [17], preliminary
analyses, examining three-way interactions between
neighborhood walkability, neighborhood income and
psychosocial factors were conducted for the different
outcome measures. Significant three-way interactions
were found in relation to active transportation to school
and MVPA on weekend days. Therefore, the sample was
stratified according to high- and low-income neighbor-
hoods when these outcome measurements were
investigated.
All psychosocial variables were centered around

their mean and analyses were conducted in two con-
secutive steps. In a first step, for each PA measure,
moderating (cross-product term of walkability and
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each psychosocial factor) and main effects were cal-
culated separately for each psychosocial variable and
walkability. In a second step, a multivariable model
was built, including all main and interaction terms
yielding p < 0.10 in the first step. All analyses were
controlled for accelerometer wear time (if relevant),
family SES, sex and age of the child.

Because regression coefficients represented relation-
ships with logarithmically transformed PA variables, pre-
dicted weekly minutes of PA were calculated from
MLwiN’s customized prediction window [47]. The pre-
dicted values were calculated with all covariates fixed at
their mean. To visualize moderating effects, the pre-
dicted PA measure was plotted against the mean -1

Table 1 Content and response options of the psychosocial factors

Content of the items Response options

Parental attitude toward their child’s physical activity
(1 item)

I think that being physically active and doings
sports for my child is:

very unimportant (=1), unimportant (=2),
sometimes important/sometimes unimportant
(=3), important (=4), very important (=5)

Parental support
(6 items: Cronbach Alpha = 0.772)

How frequently …
-…do you encourage your child to be active
and do sports?
-…are you physically active or doing sports
together with your child?
-…do you bring your child to the place
where he/she sports, are you going to watch
or support?
-…are you watching or cheering your child
while he/she sports?
-…do you offer your child to be physically
active together?
-…do you say your child is doing well?

Never (=1), seldom (=2), sometimes (=3),
often (=4), very often (=5)

Friend support
(1 item)

How frequently are your child’s friends or
siblings physically active together with your
child?

Never (=1), seldom (=2), sometimes (=3),
often (=4), very often (=5)

Parental social norm toward their child’s physical
activity
(1 item)

I think my child has to engage regularly in
physical activity.

strongly disagree (=1), somewhat disagree
(=2), neither agree or disagree (=3), somewhat
agree (=4), strongly agree (=5)

Self-efficacy
(4 items: Cronbach Alpha = 0.849)

I am sure my child will be physically active
even if…
-… he/she has to get up early.
-… his/her friends want to do something else.
-… he/she has a lot of work for school
-… it is exhausting and difficult.

Benefits
(6 items: Cronbach Alpha = 0.713)

My child believes that being physically active
and doing sports is important because…
-… his/her condition and health will improve.
-… he/she get in contact with (new) friends
-… he/she enjoys being physically active
-… he/she can show that he/she is better
than others
-… he/she does not get bored if he/she is
physically active
-… he/she lose weight and his/her body
becomes more beautiful

Barriers
(8 items: Cronbach Alpha = 0.801)

My child cannot be engaged in sports…
-… due to lack of time.
-… because he/she does not enjoy sports.
-… because he/she is not good in doing
sports.
-… because he/she does not always have
transport to activities.
-… because he/she is not allowed by his/her
parents.
-… because there are no sport facilities in our
neighborhood.
-… because it is too expensive.
-… because there is nobody (no friends or
family) who wants to accompany my child.
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standard deviation and the mean +1 standard deviation
of the corresponding psychosocial variable at low and
high walkability.
Local effect sizes of the interaction terms and signifi-

cant terms were determined by calculating Cohen’s f2

effect sizes, which is an effect size measure to use in
the context of multiple regression [48]. Cohen’s f2 ef-
fect sizes lower than 0.02 were considered very small,
values between 0.02 and 0.15 are considered small, ef-
fect sizes between 0.15 and 0.35 are considered mod-
erate and effect sizes larger than 0.35 are considered
large [49].
P < 0.05 was considered as significant with exception

for the interaction terms were it was set at p < 0.10 [50].

Results
Descriptive characteristics
In total, 45.1% of the children were boys and 37.1% had
low family SES and the mean age was 10.9 ± 0.9 years.
Parental reported psychosocial characteristics toward PA
were generally high (Table 2).

Interactions between psychosocial factors and objective
walkability in relation to PA
An overview of the bivariate interaction- and main ef-
fects of psychosocial factors and walkability in relation

to PA is given Table 3. The multivariate associations are
presented in Table 4 and are described below.

Active transportation to school
In low-income neighborhoods, parental attitude toward
PA and walkability interacted in relation to active trans-
portation to school (β = −0.351 ± 0.150, p = 0.019;
Cohen’s f2 = 0.02; Fig. 2a). For children with low parental
reported attitude, high vs. low walkability accounted for
1.80 additional min/day of walking for transportation
during leisure. For children with high parental reported
self-efficacy, high versus low walkability accounted for
0.10 additional min/day of walking for transportation
during leisure.
In high income neighborhoods, no significant inter-

action effects and no significant associations of psycho-
social factors and objective walkability with ATS were
found (Table 4).

Walking for transportation during leisure
A moderating effect of parental reported self-efficacy
was found in the relation between objective walkability
and walking for transportation during leisure (β = 0.093
± 0.054, p = 0.065; Cohen’s f2 < 0.001; Fig. 2b). For chil-
dren with low parental reported self-efficacy, high vs.
low walkability accounted for 1.50 additional min/day of
walking for transportation during leisure. For children

Table 2 Descriptive characteristics of the sample

Overall Low-income neighborhoods High-income neighborhoods

High walkable Low walkable High walkable Low walkable

N 494 197 48 48 201

Sex (% boys) 45.1 46.7 50.0 45.8 42.3

Age (years) 10.93 ± 0.90 11.02 ± 0.93 10.96 ± 0.95 11.01 ± 0.90 10.81 ± 0.86

Family SES (% low SES) 37.1 51.1 42.6 20.8 26.4

Psychosocial factors (mean ± SD)

Parental attitude (/5) 4.46 ± 0.64 4.36 ± 0.70 4.54 ± 0.58 4.50 ± 0.55 4.52 ± 0.61

Parental support (/5) 3.54 ± 0.74 3.39 ± 0.84 3.59 ± 0.67 3.71 ± 0.65 3.64 ± 0.66

Friend support (/5) 3.54 ± 1.02 3.40 ± 1.04 3.60 ± 1.12 3.41 ± 1.07 3.69 ± 0.94

Parental social norm (/5) 4.48 ± 0.76 4.29 ± 0.92 4.63 ± 0.53 4.59 ± 0.62 4.59 ± 0.63

Self-efficacy (/5) 3.39 ± 0.93 3.31 ± 0.95 3.39 ± 0.87 3.45 ± 0.93 3.45 ± 0.93

Benefits (/5) 3.48 ± 0.68 3.56 ± 0.74 3.47 ± 0.64 3.34 ± 0.73 3.44 ± 0.62

Barriers (/5) 1.83 ± 0.67 2.01 ± 0.77 1.83 ± 0.60 1.70 ± 0.51 1.71 ± 0.60

Physical activity [17] (mean ± SD, mins/day)

Active transportation to school (n = 483) 5.1 ± 7.7 5.7 ± 8.6 3.7 ± 6.3 4.8 ± 8.8 4.8 ± 7.2

Walking for transportation during leisure (n = 484) 6.6 ± 11.6 11.3 ± 14.0 3.5 ± 7.9 4.6 ± 9.3 3.3 ± 8.1

Cycling for transportation during leisure (n = 485) 4.7 ± 9.1 5.0 ± 9.8 3.9 ± 5.5 5.3 ± 10.2 4.6 ± 8.9

Sports during leisure (n = 485) 20.2 ± 20.2 16.2 ± 19.1 25.4 ± 24.4 22.1 ± 18.2 22.4 ± 20.1

MVPA weekday (n = 409) 60.2 ± 23.5 56.0 ± 23.2 63.6 ± 19.7 64.2 ± 24.2 60.3 ± 24.3

MVPA weekend day (n = 389) 50.0 ± 30.6 47.1 ± 26.8 41.5 ± 24.1 54.8 ± 32.8 53.6 ± 33.9
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with high parental reported self-efficacy, high versus low
walkability accounted for 3.10 additional min/day of
walking for transportation during leisure.
Perceived benefits were positively related to walking

for transportation during leisure (β = 0.091 ± 0.041, p =
0.026; Cohen’s f2 = 0.03) (Table 4).

Cycling for transportation during leisure
A moderating effect of friend support was found in the
relation between walkability and cycling for transporta-
tion during leisure (β = 0.096 ± 0.046, p = 0.035; Cohen’s
f2 < 0.001; Fig. 2c). For children with low friend support,
high versus low walkability accounted for 0.40 fewer
min/day of cycling for transportation during leisure.

For children with high friend support, high versus low
walkability accounted for 1.00 additional min/day of
cycling for transportation during leisure.
Parental support was positively related to cycling for

transportation during leisure (β = 0.070 ± 0.033, p = 0.036;
Cohen’s f2 < 0.001) (Table 4).

Sports during leisure
A moderating effect of parental support was found in the
relation between walkability and sports during leisure (β
= 0.372 ± 0.060, p = 0.018; Cohen’s f2 = 0.01; Fig. 2d). For
children with low parental support, high versus low walk-
ability accounted for 0.50 additional min/day of sports
during leisure. For children with high parental support,

Fig. 2 a Moderating effect of parental attitude in the association between walkability and active transportation to school. b Moderating effect of self-
efficacy in the association between walkability and walking for transportation during leisure. c Moderating effect of friend support in the association
between walkability and cycling for transportation. d Moderating effect of parental support in the association between walkability and sports during
leisure. e Moderating effect of parental attitude in the association between walkability and MVPA on a weekday. f Moderating effect of friend support
in the associatin between walkability and MVPA on a weekend day. g Moderating effect of self-efficacy in the assocation between walkability and
MVPA on a weekend day
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high versus low walkability accounted for 9.50 fewer min/
day of sports during leisure.
Positive associations were found of parental reported

parental support (β = 0.372 ± 0.060, p < 0.001; Cohen’s f2

= 0.10), and self-efficacy (β = 0.121 ± 0.034, p < 0.001;
Cohen’s f2 = 0.04) with sports during leisure. A negative
association was found between parental reported bar-
riers and sports during leisure (β = -0.145 ± 0.047, p =
0.002; Cohen’s f2 = 0.02) (Table 4).

Objectively measured weekday MVPA
A moderating effect of parental attitude was found in
the relation between walkability and MVPA on weekdays
(β = −0.072 ± 0.042, p = 0.088; Cohen’s f2 < 0.001; Fig. 2e).
For children with low parental attitude, high versus low
walkability accounted for 1.5 additional min/day of
MVPA on weekdays. For children with high parental
support, high versus low walkability accounted for 4.50
fewer min/day of MVPA on weekdays.
Self-efficacy (β = 0.033 ± 0.010, p < 0.001; Cohen’s f2 <

0.001) was positively related to MVPA on weekdays
(Table 4).

Objectively measured weekend day MVPA
In low-income neighborhoods, a moderating effect of
parental reported friend support was found in the rela-
tion between walkability and MVPA on weekend days
(β = −0.106 ± 0.054, p = 0.039; Cohen’s f2 = 0.04; Fig. 2f ).
For children with low friend support, high versus low
walkability accounted for 17.79 additional minutes
MVPA/weekend day. For children with high friend sup-
port, high versus low walkability accounted for 1.77
more minutes MVPA/weekend day. In addition, a mod-
erating effect of parental reported self-efficacy was found
in the relation between walkability and MVPA on week-
end days (β = 0.180 ± 0.071, p = 0.011; Cohen’s f2 = 0.04;
Fig. 2g) in low-income neighborhoods. For children with
lower self-efficacy, high versus low walkability accounted
for 3.74 fewer minutes MVPA/weekend day. For chil-
dren with higher self-efficacy, high versus low walkability
accounted for 24.29 more minutes MVPA/weekend day.
Friend support was positively related to weekend MVPA
(β = 0.100 ± 0.049, p = 0.04; Cohen’s f2 = 0.03).
In high-income neighborhoods, no significant interac-

tions and main effects were found in the multivariate
model (Table 4).

Discussion
The main aim of this study was to investigate if psycho-
social factors moderate the association between walk-
ability and different domains of children’s PA.
Furthermore, main effects of psychosocial factors on
children’s PA were investigated.

Few interactions between neighborhood walkability
and psychosocial factors were found in relation to differ-
ent domains of PA. In total, only 7 out of 42 investigated
interactions were significant and 3 of these interactions
were only significant in low-income neighborhoods.
Only 4 out of 42 interactions were significant in both
high- and low-income neighborhoods. Besides, the effect
sizes of these interactions were very small. This indicates
that in general, there is no strong interaction between
psychosocial factors and walkability in relation to chil-
dren’s PA and in general, the hypothesis (i.e. that walk-
ability would be more strongly related to PA among
children with a negative psychosocial profile, whereas
among children with a positive psychosocial profile
walkability would be less important to explain PA) could
not be not confirmed, as only few interactions in differ-
ent directions were found. The lack of interactions be-
tween objective walkability and psychosocial factors in
relation to children’s PA indicates that changing the ob-
jective walkability of a neighborhood might affect PA
levels of children with positive versus negative psycho-
social profiles in the same way. This was also found
among Belgian older adults [26].
The hypothesis, based on a study among Belgian ado-

lescents, that walkability would be more strongly related
to PA among children with negative psychosocial pro-
files and that PA levels of children with a positive psy-
chosocial profile would be high, irrespective of the
neighborhood walkability, was only confirmed for 2 in-
teractions among children living in low-income neigh-
borhoods. Effect sizes of these interactions were small.
Children living in low-income neighborhoods with lower
parental attitude and lower friend support, engaged
more in active transportation (+2 min/day) and in more
MVPA on week days (+18 min/day) respectively, when
they lived in a neighborhood with high walkability, com-
pared to children living in low walkable neighborhoods.
For children living in low-income neighborhoods, with
higher friend support and a better parental attitude to-
ward PA, walkability did not explain their PA. This
shows that children who are at risk for lower PA levels,
due to a lower SES [51] and a lower parental attitude
and less friend support, would benefit the most of an in-
crease in neighborhood walkability. However, these find-
ings need to be confirmed in future research.
Also interactions in the opposite direction of the hy-

pothesis (i.e. walkability was more strongly related to PA
among children with positive psychosocial profiles com-
pared to children with more negative psychosocial pro-
files) were found, but effect sizes of these interactions
were mostly very small (Cohen’s f2 < 0.02). Only in one
interaction that was found in the opposite direction of
the hypothesis, a small effect size was found (Cohen’s f2

between 0.02 and 0.15). Among children with higher
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self-efficacy and living in low-income neighborhoods, a
high walkable neighborhood accounted for 25 mins/day
of MVPA per weekend day, whereas among children
with a lower self-efficacy, walkability did not explain
children’s weekend MVPA.
The low number of significant interactions between

psychosocial factors and walkability in relation to PA
and the small effect sizes of the significant interactions
demonstrate that walkability interventions may affect
children with different psychosocial profiles in the same
way. So, based on previous findings, it might be pre-
sumed that increasing walkability will lead to more walk-
ing for transportation among children living in low-
income neighborhoods. However, when walkability will
be increased, it should be taken into account that this
can also have negative effects on children’s sport during
leisure in low-income neighborhoods [17]. Therefore, in-
creasing walkability should focus on the increase of
walkability for cyclists and pedestrians, but not for mo-
torized traffic to retain the safety of the neighborhood.
This is important as a safe neighborhood is related to
more PA [7, 52, 53]. This can be done by making small
streets only accessible for cyclists and pedestrians, but
not for motorized traffic or by installing footbridges or
underpasses for cyclists on busy and dangerous roads to
increase the walkability. Although effect sizes in the
current study were small, changing the neighborhood
can affect large groups of children at the same time,
which may result in beneficial effects.
A second aim of this study was to determine the main

effects of psychosocial factors on children’s PA. Consist-
ent main effects of psychosocial factors in relation to
children’s PA with small effect sizes were found. It is
possible that these small effect sizes are due to the fact
that psychosocial factors were parental reported instead
of children’s report. It is possible that larger effect sizes
would have been found if children reported their psy-
chosocial factors themselves. As expected, having a more
positive psychosocial profile toward PA was related to
more PA among children. The most important main ef-
fects were found in relation to children’s sports during
leisure. Self-efficacy and parental support were directly
positively related to children’s sports during leisure. Be-
sides, although effect sizes were very small, parental sup-
port was also directly and positively related to cycling
for transportation during leisure and self-efficacy was
positively related to MVPA on weekdays. Furthermore, a
direct and negative relation was found between per-
ceived barriers and sports during leisure with a small ef-
fect size. This indicates that it might be valuable for
parents living in high- and low-income neighborhoods
and neighborhoods with high and low walkability to sup-
port their child to be physically active, by providing
transportation to sports activities, by watching and

cheering for their child during sports and by doing
sports together. Furthermore, suggestions can be made
to reduce barriers toward PA among children and to in-
crease children’s self-efficacy, as perceiving many bar-
riers and having low self-efficacy is related to less sports
during leisure time. This can be done by offering chil-
dren easy-accessible and enjoyable sport activities in
terms of timing, location, costs and level such as extra-
curricular school-based sports [54]. Sport clubs should
also focus on non-competitive sports in order to de-
crease the barriers ‘not liking sports’ and not ‘being good
at sports’. Besides, children need to be made aware that
they can be physically active, even if they have to get up
early, if their friends want to do something else, if they
have a lot of work for school and if PA is exhausting and
difficult. Different behavior change techniques can be
used to increase children’s self-efficacy (e.g. prompt bar-
rier identification, action planning,..[55]). However, effect
sizes of psychosocial factors in relation to children’s PA
were small. Therefore, effects of changing these psycho-
social factors are expected to be small, so changing psy-
chosocial factors among children might not be the most
ideal strategy to increase PA among children. In line
with a review of previous studies [10], self-efficacy and
parental support seem to be the two most important
correlates of children’s sports and MVPA. Interventions
focusing on the increase of parental support and self-
efficacy and the decrease of barriers toward PA could
possibly have small effects on children’s PA levels in
high- and low-income neighborhoods and in neighbor-
hoods with high or low walkability. Furthermore, future
longitudinal research and intervention studies are neces-
sary to confirm this hypothesis.
The relatively large sample, the combination of self-

reported and objective assessment of children’s PA and
the objective assessment of neighborhood walkability
were strengths of this study. A first limitation of the
study is the cross-sectional design as no causal relation-
ships could be examined. By using cross-sectional data,
it is possible to interpret the interactions in the other
direction: i.e. walkability as a moderator of the associ-
ation between psychosocial factors and PA. However, in
the current manuscript interactions were described as if
psychosocial factors moderate the association between
walkability and PA, based on previous research among
other age groups. Besides, a large number of associations
between different factors and different domains of PA
were investigated, due to the fact that hypotheses about
the inclusion of variables could not be made due to lack
of previous research and models. Therefore, before con-
structing the final model, a large number of preliminary
bivariate analyses were conducted. Based on these pre-
liminary analyses, the variables in the final model were
determined. However, by investigating a large number of
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associations in the preliminary analyses, the likelihood of
incorrectly rejecting a null hypothesis increased. The
Bonferroni method is a method to counteract this prob-
lem, by lowering the significance level of a test (α = α/n,
with n = the number of tests). However, an important dis-
advantage of using the Bonferroni correction is that this
method is very strict and only focuses on reducing type 1
errors but the chance for making type 2 errors increases
[56]. Furthermore, these analyses were executed as pre-
liminary analyses, and the number of analyses and deter-
minants in the final models were limited. Therefore, the
Bonferroni correction was not applied to the analyses.
Furthermore, in Ghent, more people live in high walk-

able, low-income neighborhoods (n = 157389) or low
walkable, high income neighborhoods (n = 44809) com-
pared to low walkable, low-income neighborhoods (n =
9623) or high walkable, high income neighborhoods (n
= 43733). As children were recruited in schools instead
of neighborhoods with varying walkability and income
levels, this led to the inclusion of children living mostly
in high-income, low walkable or low-income, high walk-
able neighborhoods; children living in low-income, low
walkable and high-income, high walkable neighborhoods
were underrepresented. So the division of children
across the different neighborhoods in the current study
represents the actual distribution of children living in
these neighborhoods but this is a methodological weak-
ness of the study. Besides, response rates of school prin-
cipals were rather low, however this was comparable to
prior studies [57] that were based on questionnaires for
pupils and parents. The low response rate might be due
to the fact that schools have many obligations and are
consequently not very keen on spending time on re-
search activities. It is possible that parents who attach
more importance to PA could have been more willing to
let their child participate in this study. Furthermore, psy-
chosocial factors were formulated toward PA and sports
in general and not toward specific domains of PA (e.g.
walking for transportation during leisure). It is likely that
the formulation of these factors toward active transpor-
tation would have resulted in more significant associa-
tions between these factors and domains of active
transportation. Therefore, it is recommended for future
research to formulate the psychosocial factors more spe-
cifically toward the domain of PA that is investigated.
Psychosocial factors were also mainly questioned from
the parents’ viewpoint rather than from children’s view-
point. Parental report of psychosocial factors was used
in previous studies with acceptable reliability [37, 38].
Furthermore, parental education was used as a proxy
measure of family SES, as data on working or income
status were unavailable in this study. Future research is
necessary as it is likely that other factors also moderate
the association between objective walkability and PA.

Conclusions
Only few interactions (7 out of 42), with very small ef-
fect sizes between objective neighborhood walkability
and psychosocial characteristics were found in relation
to children’s PA in different directions. The hypothesis
that walkability would be more strongly related to PA
among children with more negative psychosocial profiles
could not be confirmed. Increasing walkability for cy-
clists and pedestrians might be effective in increasing PA
among children with positive and negative psychosocial
profiles toward PA. In both high- and low-income neigh-
borhoods, parental support and self-efficacy were posi-
tively related to children’s sports and MVPA,
independent of the level of walkability. Based on the re-
sults of this study, it seems that focusing on these spe-
cific psychosocial factors to increase PA can possibly be
effective in both high- and low-walkable neighborhoods,
as well as in high- and low-income neighborhoods, al-
though the effects can be small.
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