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Abstract

Background: Understanding how the determinants of behaviour vary by context may support the design of
interventions aiming to increase physical activity. Such factors include independent mobility, time outdoors and the
availability of other children. At present little is known about who children spend their time with after school, how
this relates to time spent indoors or outdoors and activity in these locations. This study aimed to quantify who
children spend their time with when indoors or outdoors and associations with moderate to vigorous physical
activity (MVPA).

Methods: Participants were 427 children aged 10–11 from Bristol, UK. Physical activity was recorded using an
accelerometer (Actigraph GT1M) and matched to Global Positioning System receiver (Garmin Foretrex 201) data to
differentiate indoor and outdoor location. Children self-reported who they spent time with after school until
bed-time using a diary. Each 10 second epoch was coded as indoors or outdoors and for ‘who with’ (alone, friend,
brother/sister, mum/dad, other grown-up) creating 10 possible physical activity contexts. Time spent and MVPA were
summarised for each context. Associations between time spent in the different contexts and MVPA were examined
using multiple linear regression adjusting for daylight, age, deprivation and standardised body mass index.

Results: During the after school period, children were most often with their mum/dad or alone, especially when
indoors. When outdoors more time was spent with friends (girls: 32.1%; boys: 28.6%) than other people or alone.
Regression analyses suggested hours outdoors with friends were positively associated with minutes of MVPA for girls
(beta-coefficient [95% CI]: 17.4 [4.47, 30.24]) and boys (17.53 [2.76, 32.31]). Being outdoors with brother/sister was
associated with MVPA for girls (21.2 [14.17, 28.25]) but not boys. Weaker associations were observed for time
indoors with friends (girls: 4.61 [1.37, 7.85]; boys: (7.42 [2.99, 11.85]) and other adults (girls: 5.33 [2.95, 7.71]; boys:
(4.44 [1.98, 6.90]). Time spent alone was not associated with MVPA regardless of gender or indoor/outdoor location.

Conclusions: Time spent outdoors with other children is an important source of MVPA after school. Interventions to
increase physical activity may benefit from fostering friendship groups and limiting the time children spend alone.

Keywords: Physical activity, Children, Context, Accelerometer, Global Positioning System (GPS), Diary
Background
Physical activity during childhood confers health benefits
throughout the lifespan [1,2]. Children aged 5–18 are
recommended to engage in at least one hour of moderate-
to-vigorous physical activity (MVPA) per day [3], but the
majority of children in the UK do not meet this target
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[4,5]. Consequently the development and implementation
of policies and programmes to change this behaviour is a
major public health priority. The development of such
strategies relies upon an understanding of the factors
influencing physical activity [6]. Research investigating the
correlates and determinants of physical activity can help
identify target groups in need of intervention, and high-
light mediating variables which could be manipulated to
change behaviour [7]. However, this process is complex
because physical activity is not a single action but a class
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of varied behaviours [8], and different types of physical
activity have been demonstrated to have different de-
terminants [9-11]. Consistent with an ecological ap-
proach to understanding health behaviours [12], it is
also important to consider the environmental context
(i.e. location, time period, other participants) in which
physical activity occurs [9]. Describing the value of different
environmental and social settings for physical activity could
inform context-specific interventions [13]. One contextual
characteristic which could influence children’s physical ac-
tivity is who children spend their leisure time with. Leisure
time is a key source of children’s physical activity, especially
during the ‘critical hours’ immediately after school [14].
After school leisure time may be spent alone, with brother/
sister, with friends, with mum/dad or other grown-ups. It is
plausible that who children spend their time with influences
the duration, intensity and types of physical activity they
engage in [15]. However, little is known about who children
spend their time with after school, or how this is associated
with their level of MVPA.
It is well established that the time children spend

outdoors is more actively spent than time spent indoors
[16,17]. At present it is unclear whether this time is
spent alone, supervised by adults, or with other children.
Time spent unsupervised by adults is thought to con-
tribute significantly to children’s daily physical activity
[18], while freedom from adult rules and structure is an
important feature of active free play [19]. In addition,
child directed play has the potential to provide unique
emotional, social and cognitive benefits [20]. However, it
is suggested that children’s, and in particular girls’ inde-
pendent physical activity is increasingly limited due to
parental concerns about safety [21-24]. Since independ-
ent mobility is consistently associated with children’s
physical activity [25-27], it is important to quantify how
much unsupervised outdoor time children are afforded.
Time spent with friends and siblings and the availability
of other children to play with have been reported to be
key influences on children’s participation in unstructured
outdoor physical activity [18,28-30]. These relationships
may be of particular importance for children at the
transition from primary to secondary school, as it is at
approximately this age that independence from adults
starts to develop [28,31].
To date, mostly qualitative and self or proxy report

data have been used to characterise children’s indoor
and outdoor after school leisure time physical activity.
Objective information from Global Positioning System
(GPS) receivers and accelerometers can more accurately
quantify time spent indoors and outdoors in relation to
physical activity [17]. Combining this with diary data
reporting who children spend their time with provides a
unique data set to describe a potentially important context
for how physical activity may be modified. Consequently,
the aim of this study is to use combined diary, GPS and
accelerometer data to investigate who children spend their
indoor and outdoor time with, and how this relates to
MVPA after school. It is hypothesised that children’s MVPA
accrual will vary by context, and that time spent outdoors
with friends or siblings will exhibit stronger positive associ-
ations with MVPA than time spent in other contexts.

Methods
This study used baseline data from the PEACH (Personal
and Environmental Associations with Children's Health)
project. Between September 2006 and July 2008 the pro-
ject recruited 1,307 year six (age 10-11 yrs) children from
23 state primary schools in Bristol, UK. The methods of
the PEACH project have been described fully elsewhere
[25]. Written informed consent was obtained from a
parent/guardian of all children who took part in the
study. The study was carried out in accordance with the
Declaration of Helsinki and ethical approval was provided
by University of Bristol Ethics Committee.

Physical activity
Physical activity intensity was summarised at ten second
epochs using an accelerometer (GT1M; ActiGraph LLC,
FL, USA). Participants were asked to wear the acceler-
ometer on a waist belt for seven continuous days. The
method of Troiano, Berrigan, Dodd et al. was used to
identify accelerometer non-wear time: periods of 60 mi-
nutes (or more) of zero values were discarded allowing
for up to two minutes of non-zeros per hour [32]. This
criterion was used in preference to shorter non-wear
definitions (e.g. 10 or 20 minutes) which can result in
unnecessary removal of data and underestimation of seden-
tary time in some subgroups, for example those who are
overweight [33]. For inclusion in analyses participants were
required to have recorded at least three hours of after
school accelerometer data on at least one weekday.

Indoor/outdoor location
Positional data were recorded every ten seconds using a
GPS receiver (GPS; Garmin Foretrex 201) [34]. Participants
wore the GPS receiver between the end of school and
bedtime on four consecutive school days. Participants
were trained to turn the GPS receiver on at the end of
school and off at bedtime. Research staff charged the
units on day three of use due to limited battery life.
Days with no GPS data were removed from the dataset.

Diary data
Participants were asked to complete a one day recall diary
for three school days. This diary was based on previous
work [35,36]. The children were asked to record the start
and end time of after school activities starting with the
first thing they did after leaving school. In addition to the
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start and end time, participants were asked to select who
they were with for each activity from five options: on my
own, with friend, with brother/sister, with mum or dad,
with another grown up. To maximise the quality of the
diary provided by the children, an annotated example was
provided and explained verbally by the researcher to small
groups of participants (<10). Participants were incentivised
to complete diaries via vouchers provided for completion
of all measures and personal prompts were provided by
researchers and teachers to remember to complete diaries.
Periods with no diary record were quantified and children
who did not provide diary data on at least one day were
excluded from analyses.

Confounding variables
Height (m) and weight (kg) were measured using a
stadiometer (SECA) and digital scales (indoor clothing,
shoes removed). Body mass index (BMI) was calculated
(body mass in kg divided by height in metres squared),
and BMI standard deviation score (BMISDS) was derived
from standard tables [37]. Age, sex and post-code were
confirmed by the Local Education Authority. Minutes of
daylight from 15:00 until sunset for the day of measure-
ment were determined using standard tables [38]. The UK
Index of Multiple Deprivation (IMD) 2007 score was
defined using full home postcode.

Data processing
Ten second epoch accelerometer and GPS data were
matched using date and time stamps for the period
between 15:00 and 22:00 on weekdays using STATA
(version 12.0, College Station, TX) as previously described
[17]. Ten second epochs with accelerometer activity
counts exceeding 383 (2296 counts per minute/6) were
coded as MVPA [39,40]. The GPS receiver used in this
study does not record positional data when inside a
building. Consequently each epoch of accelerometer
data with no corresponding GPS record was defined as
indoors, while GPS matched accelerometer data were
defined as outdoors. The delay between exiting a building
and GPS signal acquisition can be as much as 45 seconds
likely resulting in underestimation of time outdoors
[17,41]. Any GPS point with a speed of greater than 15 kph
was excluded as this was likely to represent an aberrant
signal (e.g. reflection from a building) or motorised
transportation [42].
Epochs with GPS and accelerometry data but no

matching diary data entries were removed from the
analyses. Participants who did not provide combined
accelerometer, GPS and diary data on at least one day
were excluded from analyses. In addition, some chil-
dren provided diary entries with overlapping times and
these were also excluded (<1% of total). Total minutes
spent and minutes of MVPA were summed according to
who children were with and whether they were indoors/
outdoors. For example all epochs classified as ‘indoors’
and ‘with mum or dad’ were summed to give the time
spent indoors with mum/dad, and the MVPA recorded
during that time. This resulted in ten (indoors/outdoors:
on own, with friend, with brother/sister, with mum/dad,
with other grown-up) distinct contexts of after school
physical activity.

Data analyses
Descriptive statistics (mean, standard deviation and
percentage) of total time and time in MVPA were calculated
by sex, social company and location (indoors/outdoors).
Multiple linear regression models were used to assess the
contribution of time in each context to the total minutes
of after school MVPA. This was expressed as the mean
increase in minutes of MVPA for each hour spent in that
context after adjusting for time spent in all the other
contexts. In addition models were adjusted for potential a
priori confounders (age, BMISDS, IMD, daylight hours).
Due to well-established gender differences in daily phys-
ical activity, data for girls and boys were analysed separ-
ately [43]. Visual inspection of standardised residuals
against predicted scores indicated some heteroskedacity
and so robust (Huber-White) standard errors are reported.
All analyses were conducted using Stata/SE (version 12.0,
College Station, TX).

Results
The sample consisted of 230 girls and 197 boys with mean
age 10.7 (SD = 0.5) years and BMI 18.3 (SD = 3.2) kg/m2

who provided combined GPS, accelerometer and diary data
on at least one measurement day. Overall, girls recorded
21.7 (SD = 12.3) minutes of MVPA (including data recorded
both indoors and outdoors) during the after school period
while boys recorded 25.0 (SD = 13.4) minutes. The GPS
data estimated that girls spent 21.0 (SD = 27.7) minutes
outdoors after school while boys were outdoors for 20.3
(SD = 27.4) minutes during the same period. Matched
accelerometer and GPS data suggested that girls re-
corded 4.3 (SD = 6.4) minutes or 19.8% of total after
school MVPA outdoors, while for boys this value was
4.6 (SD = 7.1) minutes or 18.4%. Girls provided a mean
of 155.6 (SD = 71.9) minutes of after school diary infor-
mation, and this was time-matched to accelerometer
data which included on average 13.4 (SD = 9.3) minutes
of MVPA. Boys provided a mean of 160.1 (SD = 74.5)
minutes of after school diary information, and this was
time matched to accelerometer data which included on
average 15.6 (SD = 11.1) minutes of MPVA. Of all the
valid after school accelerometer data, 40.5% of girls’
and 38.3% of boys’ accelerometer epochs could not be
time matched to diary records because no diary entries
had been recorded by the children during these periods.
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Consequently, 37.0% of girls’ and 36.0% of boys’ acceler-
ometer recorded MVPA was not described by the partici-
pants in their diary. Table 1 reports the proportion of
accelerometer epochs that were matched to GPS data
(subsequently labelled outdoors), and the proportion of
accelerometer epochs matched to a diary record, by hour.

Total time spent and MVPA
Using the available combined accelerometer, diary and
GPS data, Table 2 (girls) and Table 3 (boys) summarise the
time spent and MVPA recorded according to who children
were with (from diary data) and whether they were indoors
or outdoors after school (from GPS data). Both girls
(28.9%) and boys (28.3%) recorded more time with their
mum/dad than other categories, followed by time spent
alone (girls: 21.9%; boys: 24.6%). Girls spent least time
with brother/sister (13.9%), while boys spent least time
with other grown-ups (14.1%). Boys recorded the most
MVPA when with their friends or mum/dad (both 25.0%),
while girls recorded the most MVPA when with their
mum/dad (23.9%).

Time spent in different contexts
The greatest share of time outdoors was spent with
friends (girls: 32.1%; boys: 28.6%), followed by mum/dad
(girls: 20.7%; boys: 27.1%). Both girls (2.9%) and boys
(2.6%) spent a small percentage of the total after school
period outdoors with friends. Amongst girls, the smallest
proportion of time outdoors was spent with brother/sister
(12.1%); while for boys least time outdoors was spent with
other grown-ups (10.7%). Children’s time indoors was
mostly spent with mum/dad (girls: 29.8%; boys: 29.5%) or
by themselves (girls: 22.1%; boys: 26.3%). Only 14.4% of
girls’ and 15.0% of boys’ indoor time was spent with friends.

MVPA recorded in different contexts
Both girls (32.2%) and boys (38.7%) most commonly
recorded outdoor MVPA in the presence of friends.
Least outdoor MVPA was recorded with brother/sister
Table 1 Proportion of accelerometer epochs matched to
GPS and diary records by hour

Hour Total accelerometer
epochs

Matched to
GPS record

Matched to
diary record

Total % Total %

15:00–15:59 331189 35420 10.7 133588 40.3

16:00–16:59 322970 34014 10.5 247820 76.7

17:00–17:59 323090 23290 7.2 233386 72.2

18:00–18:59 316641 26200 8.3 207956 65.7

19:00–19:59 270367 14106 5.2 163343 60.4

20:00–20:59 193725 7272 3.8 96611 49.9

21:00–21:59 84595 1687 2.0 31200 36.9

GPS: Global positioning system.
(girls: 12.9%; boys 9.7%) or other grown-ups for boys (9.7%).
Indoor MVPA was more evenly distributed, although
for both girls (25.2%) and boys (30.1%) this was most
commonly recorded with mum/dad.

Associations between time in specific contexts and after
school MVPA
Table 4 (girls) and Table 5 (boys) contain data from mul-
tiple linear regression models examining relationships
between hours spent in specific contexts and minutes of
after school MVPA. The models explained 34.4% of girls’
and 30.1% of boys’ variance in after school MVPA. For
both girls and boys, outdoor contexts exhibited stronger
associations with MPVA than indoor contexts. Time spent
outdoors in the company of friends was particularly
important for both boys and girls, with an increase of
approximately 17 minutes of MVPA recorded for every
additional hour spent in this context. Similarly, when
girls spent time outdoors with siblings, they recorded
on average 21.21 minutes of MVPA each hour. This
relationship was similar for boys but non-significant.
When indoors, time with friends was positively associated
with MVPA, however relationships were weaker than
when outdoors (4.61 and 7.42 minute increase in MVPA
accrued per hour for girls and boys respectively). Relation-
ships of similar direction and magnitude to these were
also observed between time indoors with other grown-ups
and MVPA for both girls and boys. Time spent alone
either indoors or outdoors was not associated with MVPA
regardless of gender.

Discussion
The main findings of this study are that who children
spend time with after school is an important influence on
physical activity, and that in particular, time spent out-
doors with other children is a key context for participation
in MVPA. Previous studies have investigated children’s
independent mobility and independent physical activity,
demonstrating that greater license to leave the home
unaccompanied is positively associated with time outdoors
[27] and physical activity [25]. This work builds upon
those findings by quantifying the time children spend
alone, with adults, or with other children, and matching
this with objective measures of physical activity and
indoor/outdoor location. Participants reported spending
most time alone or with their parents, especially during
indoor time which was very rarely spent with other
children. Although children spent few minutes outdoors
after school, when they were outdoors they were most
likely to be with friends. The accumulation of long
periods spent indoors alone or supervised by adults and
comparatively little time spent outdoors with other chil-
dren supports the view that there are limited opportun-
ities for primary school children to go outdoors without



Table 2 Girls' after school time and MVPA by who they were with and indoor or outdoor location

On own Friend Brother/sister Mum/dad Other grown-up

Indoors

Time spent (minutes) 31.3 (32.9) 20.4 (32.2) 19.9 (30.4) 42.1 (42.3) 27.8 (42.8)

Proportion of time indoors (%) 22.1 14.4 14.1 29.8 19.6

Proportion of all matched time (%) 20.1 13.1 12.8 27.1 17.9

Indoor MVPA (minutes) 2.1 (3.0) 2.0 (3.8) 1.2 (2.0) 2.6 (3.0) 2.4 (4.5)

Proportion of indoor MVPA (%) 20.4 19.4 11.7 25.2 23.3

Proportion of all matched MVPA (%) 15.7 14.9 9.0 19.4 17.9

Outdoors

Time spent (minutes) 2.7 (8.5) 4.5 (13.1) 1.7 (7.7) 2.9 (5.8) 2.2 (6.0)

Proportion of time outdoors (%) 19.3 32.1 12.1 20.7 15.7

Proportion of all matched time (%) 1.7 2.9 1.1 1.9 1.4

Outdoor MVPA (minutes) 0.5 (1.4) 1.0 (3.4) 0.4 (2.1) 0.6 (1.6) 0.6 (1.9)

Proportion of outdoor MVPA (%) 16.1 32.2 12.9 19.4 19.4

Proportion of all matched MVPA (%) 3.7 7.5 3.0 4.5 4.5

Total

Time spent (minutes) 34.0 (35.5) 24.9 (37.7) 21.6 (32.9) 45.0 (44.2) 30.0 (44.7)

Proportion of all matched time (%) 21.9 16.0 13.9 28.9 19.3

Total MVPA (minutes) 2.6 (3.7) 3.0 (6.0) 1.6 (3.3) 3.2 (3.8) 3.0 (5.1)

Proportion of matched MVPA (%) 19.4 22.4 11.9 23.9 22.4

Proportion of time indoors (%) 92.1 81.9 92.1 93.6 92.7

Proportion of time outdoors (%) 7.9 18.1 7.9 6.4 7.3

MVPA: Moderate to vigorous physical activity.
Values are presented as mean (SD) after school minutes or percentages as designated.
‘Matched’ refers to periods with available accelerometer, global positioning system and diary data.
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an adult [24,44]. This is concerning given that independent
mobility has an established association with children’s
physical activity [25-27], and that time outdoors is ap-
proximately three times more likely to spent engaging
in MVPA [17].
It has been reported in other UK-based studies that

approximately one third of children are only allowed
outdoors without an adult when in the company of other
children [15]. Previous work also suggests that neighbour-
hood relations and friends are linked to perceptions of
safety for both parents and children [45,46]. Neighbour-
hood relations and having someone to play with may also
positively influence parental decisions about independent
mobility [26]. However, from the present cross sectional
data it is not possible to distinguish whether time out-
doors facilitates being with friends, or whether the com-
panionship of other children is a pre-requisite of parents’
willingness to grant independent mobility. Parents may be
vulnerable to a cycle of increased safety concerns linked to
limited independent mobility and the subsequent social
norm of children not being allowed out to play in the local
environment [47,48]. Valentine & McKendrick [24] sug-
gest that a move from public play to organised forms of
physical activity has prompted suspicion of those children
in public space without adults. Similarly, Ergler, Kearns &
Witten [48] report that the normalisation of indoor play is
especially pronounced in urban areas because children
are unable to use informal areas such as sidewalks. The
regression analyses report that alongside outdoor time
with friends, indoor time with friends was also positively
associated with MVPA. Time spent with other children
therefore appears crucial for physical activity, and this is
augmented by being outdoors. Recently published longi-
tudinal data report that an increase in the number of
friends between primary and secondary school is associated
with an increase in girls MVPA [49]. Further longitudinal
work is necessary to understand whether the formation of
friendship groups is a product of, or fundamental determin-
ant for independent mobility and outdoor physical activity.
Based on such work it may be possible to promote physical
activity by developing neighbourhood community links
amongst children and parents, and seeking to restore
the social norm of children using the outdoors as a
setting for physical activity.
Parents are reported to be more protective of girls due

to greater perceived risk and to subsequently limit their
independence [21,22,50]. This paper supports this pos-
ition indicating that indoor contexts are more important



Table 4 Multiple linear regression of time in specific contexts
and total after school MVPA amongst girls (n = 230)

Beta 95% CI t p

Outdoors On own 7.27 −1.08 15.61 1.72 0.088

Friend 17.35 4.47 30.24 2.65 0.009

Brother/sister 21.21 14.17 28.25 5.94 0.000

Mum/dad 5.55 −6.34 17.45 0.92 0.359

Other grown-up 12.76 −1.96 27.50 1.71 0.089

Indoors On own 1.78 −0.58 4.14 1.49 0.138

Friend 4.61 1.37 7.85 2.81 0.005

Brother/sister 2.93 0.65 5.22 2.53 0.012

Mum/dad 2.87 0.98 4.76 2.99 0.003

Other grown-up 5.33 2.95 7.71 4.41 0.000

R2 = 0.344

MVPA: Moderate to vigorous physical activity.
Adjusted for standardised body mass index, age, index of multiple
deprivation, daylight.
Beta: mean increase in minutes of MVPA for each hour spent in that context.

Table 5 Multiple linear regression of time in specific contexts
and total after school MVPA amongst boys (n = 197)

Beta 95% CI t p

Outdoors On own −0.41 −13.27 12.45 −0.06 0.949

Friend 17.53 2.76 32.31 2.34 0.020

Brother/sister 16.95 −12.12 46.01 1.15 0.251

Mum/dad 9.00 −6.25 24.25 1.16 0.246

Other grown-up 8.54 −10.79 27.87 0.87 0.385

Indoors On own −0.64 −2.92 1.63 −0.56 0.579

Friend 7.42 2.99 11.85 3.30 0.001

Brother/sister 2.80 −0.14 5.74 1.88 0.062

Mum/dad 1.77 −0.39 3.93 1.62 0.108

Other grown-up 4.44 1.98 6.90 3.56 0.000

R2 = 0.301

MVPA: Moderate to vigorous physical activity.
Adjusted for standardised body mass index, age, index of multiple
deprivation, daylight.
Beta: mean increase in minutes of MVPA for each hour spent in that context.

Table 3 Boys’ after school time and MVPA by who they were with and indoor or outdoor location

On own Friend Brother/sister Mum/dad Other grown-up

Indoors

Time spent (minutes) 37.2 (40.5) 21.2 (32.8) 26.1 (34.9) 41.8 (44.1) 21.3 (37.2)

Proportion of time indoors (%) 26.3 15.0 18.4 29.5 15.1

Proportion of all matched time (%) 23.9 13.6 16.8 26.9 13.7

Indoor MVPA (minutes) 2.3 (3.0) 2.7 (6.2) 1.9 (3.2) 3.1 (4.0) 2.5 (4.7)

Proportion of indoor MVPA (%) 22.3 26.2 18.4 30.1 24.3

Proportion of all matched MVPA (%) 17.2 20.1 14.2 23.1 18.7

Outdoors

Time spent (minutes) 2.5 (6.3) 4.0 (12.3) 1.8 (6.0) 3.8 (6.8) 1.5 (6.0)

Proportion of time outdoors (%) 17.9 28.6 12.9 27.1 10.7

Proportion of all matched time (%) 1.6 2.6 1.2 2.4 1.0

Outdoor MVPA (minutes) 0.5 (1.4) 1.2 (4.0) 0.3 (1.2) 0.8 (1.9) 0.3 (1.6)

Proportion of outdoor MVPA (%) 16.1 38.7 9.7 25.8 9.7

Proportion of all matched MVPA (%) 3.7 9.0 2.2 6.0 2.2

Total

Time spent (minutes) 39.7 (41.8) 25.2 (38.7) 27.9 (37.2) 45.6 (46.6) 22.8 (38.4)

Proportion of all matched time (%) 24.6 15.6 17.3 28.3 14.1

Total MVPA (minutes) 2.8 (3.4) 3.9 (8.1) 2.2 (3.7) 3.9 (4.8) 2.8 (5.1)

Proportion of matched MVPA (%) 17.9 25.0 14.1 25.0 17.9

Proportion of time indoors (%) 93.7 84.1 93.5 91.7 93.4

Proportion of time outdoors (%) 6.3 15.9 6.5 8.3 6.6

MVPA: Moderate to vigorous physical activity.
Values are presented as mean (SD) after school minutes or percentages as designated.
‘Matched’ refers to periods with available accelerometer, global positioning system and diary data.
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for girls’ physical activity than for boys’. Time spent
indoors with friends was important for both genders,
however periods indoors with siblings or parents were
only associated with MVPA amongst girls. These find-
ings echo qualitative work by Brockman, Fox & Jago
[51] which reported that girls were more likely to
report active play centred on the home and with family
members. Previous research has reported that similar
numbers of boys and girls are allowed outdoors with-
out an adult, but that for girls this was more likely to
be conditional on other children being present [15].
The strength of association between time spent out-
doors with friends or siblings and MVPA in this study
supports the hypothesis that girls who do have other
children to accompany them outdoors are likely to be
more active. Thus while safety in numbers and foster-
ing friendship groups may be important to facilitate
after school MVPA [49], it is encouraging that despite
their limited independence girls appear to find ways to
be active indoors. These findings tie with those of
Atkin, Gorely, Biddle et al. [14] who found that tech-
nology based sedentary behaviour during the ‘critical
hours’ was higher amongst boys than girls. Future
research and interventions may benefit from not only
increasing the time children spend outdoors with
others, but also seeking to maximise the potential of
indoor environments for physical activity and limiting the
time children spend alone.
It is not clear why time outdoors with friends is a par-

ticularly valuable source of MVPA. It may be due to the
freedom from adult rules and structure [19,52]. Alterna-
tively, it is possible that children’s movement patterns
and behaviours vary depending on whether they are
with adults or other children. It has been reported that
children’s movement is more meandering when away
from adults [15], and some children like to do activities
(such as non-permitted behaviours) outside the view of
adults [53]. This paper emphasises the importance of
time spent with other children, however it should also
be highlighted that many children rely on adults to
supervise their activity. Strategies and policy that en-
able adults to supervise physical activity and encourage
families to be active together may be beneficial for
individuals across the lifespan. This study also suggests
that time spent indoors with adults other than mum/
dad is positively associated with MVPA for both boys
and girls, and this may be indicative of after school
supervision. It is necessary to understand more about
what behaviours indoors contribute to MVPA and how
these may be manipulated to increase opportunities for
physical activity. For example, after school clubs offer a
safe indoor environment for physical activity but op-
portunity for this may be limited due to the inclusion
of academic and snack times [54].
Strengths and limitations
A key strength of this study is the combination of accel-
erometer, GPS and diary data to describe the context of
children’s physical activity. This allowed exploration of
not only who children spend their time with, but
whether this related to objectively measured location
(indoors vs. outdoors) and physical activity. Whilst the
sample size was large and was drawn from a number
of different primary schools representing a large English
city, the results may not be generalisable to other locations
or age groups. Furthermore, given that only children
who provided matched accelerometer, GPS and diary
data were included, the sample may not be wholly repre-
sentative of the wider population. Some included partici-
pants only provided one day of combined data which may
limit the reliability of the findings, however the method-
ology developed and the rich context-specific nature of
the physical activity data provide valuable insight into chil-
dren’s leisure time behaviour and is informative for further
research and interventions.
Consistent with previous studies that have combined

diary and objective data, there may be errors in the chil-
dren’s report of their activities and consequent MVPA
classification [55]. For example, children may have
recorded time spent with friends when in fact they
were also under the supervision of an adult. In addition
a significant proportion of time between 15:00 and
22.00 was unaccounted for due to missing diary entries
reporting who the children were with. Diary records
were not available for 40.5% of girls and 38.3% of boys
after school time, and the proportion of missing diary
data increased by hour up until bedtime. The partici-
pants were asked to record what they did after school,
and as such periods where their behaviour was un-
structured or intermittent may be more difficult to re-
port [56]. This may especially be the case for children
who lack the cognitive and linguistic ability to describe
their behaviour [57]. Unstructured activity may be more
likely to reflect low intensity physical activity so a
greater proportion of this might be missing data. This is
supported by the fact that missing diary data contrib-
uted disproportionally fewer minutes of MVPA. How-
ever, approximately one third of MVPA was not recalled
and described by children in their diary. Examining the
source of this unreported physical activity should be the
subject of further research.
It is also likely that there were errors in the differenti-

ation of physical activity location by the GPS receiver.
The GPS signal can be lost when outdoors and although
children were trained to turn the GPS on when leaving
school it is possible that some delay may have occurred
leading to loss of outdoor data. Some outdoor data may
therefore erroneously be classified as indoors. The present
study was cross sectional, only recorded after school
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weekday activities and did not adjust for clustering within
schools. Longitudinal work is required to fully understand
the impact of the variables explored here, particularly
the influence of the companionship of other children on
independent mobility and unstructured outdoor phys-
ical activity. Whilst at present it is clear that children’s
outdoor time with friends represents a very small propor-
tion of leisure time, this represents an important interven-
tion target. This is because of the potential for change
during the after school period, the greater accumulation
of MVPA during time spent in this context, the additional
social benefits of this type of activity [20], and the harmful
effects of sedentary behaviours occurring indoors [14].

Conclusions
This study indicates that children spend most of the
after school period indoors alone or with parents and
very little time outdoors playing with other children.
However, that time which is spent outdoors with friends
makes the greatest contribution towards outdoor MVPA.
Time outdoors with other children was most strongly
associated with MVPA whereas time spent alone was
not associated with MVPA either indoors or outdoors.
In addition to promoting active time indoors, strategies to
foster neighbourhood friendship groups and remove bar-
riers which restrict time outdoors should be investigated
further and considered as components of larger multi-level
interventions to promote physical activity.
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