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Abstract

Objectives

Children’s after-school physical activity (PA) and sedentary behaviours (SB) are not well
understood, despite the potential this period holds for intervention. This study aimed to
describe children’s after-school physical activity and sedentary behaviours; establish the
contribution this makes to daily participation and to achieving physical activity and seden-
tary behaviours guidelines; and to determine the association between after-school moder-
ate- to vigorous-intensity physical activity (MVPA), screen-based sedentary behaviours and
achieving the physical activity and sedentary behaviour guidelines.

Methods

Children (n = 406, mean age 8.1 years, 58% girls) wore an ActiGraph GT3X accelerometer.
The percentage of time and minutes spent sedentary (SED), in light- physical activity (LPA)
and MVPA between the end-of-school and 6pm (weekdays) was calculated. Parents (n =
318, 40 years, 89% female) proxy-reported their child’s after-school participation in screen-
based sedentary behaviours. The contribution that after-school SED, LPA, MVPA, and
screen-based sedentary behaviours made to daily levels, and that after-school MVPA and
screen-based sedentary behaviours made to achieving the physical activity/sedentary
behaviour guidelines was calculated. Regression analysis determined the association
between after-school MVPA and screen-based sedentary behaviours and achieving the
physical activity/sedentary behaviours guidelines.

Results

Children spent 54% of the after-school period SED, and this accounted for 21% of children’s
daily SED levels. Boys spent a greater percentage of time in MVPA than girls (14.9% vs.
13.6%; p<0.05), but this made a smaller contribution to their daily levels (27.6% vs 29.8%;
p<0.05). After school, boys and girls respectively performed 18.8 minutes and 16.7 minutes
of MVPA, which is 31.4% and 27.8% of the MVPA (p<0.05) required to achieve the physical
activity guidelines. Children spent 96 minutes in screen-based sedentary behaviours,
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contributing to 84% of their daily screen-based sedentary behaviours and 80% of the sed-
entary behaviour guidelines. After-school MVPA was positively associated with achieving
the physical activity guidelines (OR: 1.31, 95%CI 1.18, 1.44, p<0.05), and after-school
screen-based sedentary behaviours were negatively associated with achieving the seden-
tary behaviours guidelines (OR: 0.97, 95%CI: 0.96, 0.97, p<0.05).

Conclusions

The after-school period plays a critical role in the accumulation of children’s physical activity
and sedentary behaviours. Small changes to after-school behaviours can have large
impacts on children’s daily behaviours levels and likelihood of meeting the recommended
levels of physical activity and sedentary behaviour. Therefore interventions should target
reducing after-school sedentary behaviours and increasing physical activity.

Introduction

In spite of the evidence of detrimental health outcomes [1,2], children in developed countries
perform suboptimal levels of physical activity (PA) and excessive amounts of sedentary behav-
iour (SB) [3-5]. Sedentary behaviours has been defined as “any waking activity characterized
by an energy expenditure <1.5 metabolic equivalents and in a sitting or reclining posture” [6].
Current sedentary behaviours guidelines recommend children in many countries limit their
electronic media use/screen-based sedentary behaviours to less than two hours (<120 minutes)
per day [7,8]. In addition, physical activity guidelines state that for health and other benefits
children should perform at least 60 minutes of moderate- to vigorous-intensity physical activity
(MVPA) every day [7,9,10]. However, in 2011-2012 only 7.8% and 7.1% of Australian 5-17
year old boys and girls, respectively, achieved both of these guidelines (i.e. >60 minutes of
MVPA/day and <120 minutes of recreational screen-based sedentary behaviour/day) [11].

The after-school period, recently defined as the end-of-school to 6pm [12], has been identi-
fied as a key period for the accumulation of children’s physical activity and sedentary behav-
iours [13] and for potential intervention implementation. The varying timeframes previously
used to define the after-school period (e.g. 3.30-8.30pm [14] and 4-6pm [15]) and the different
locations and contexts of previous research (e.g. attending after-school programs [16]) make
direct comparisons between studies of after school behaviours difficult. However, behaviours
performed after-school can make a significant contribution to daily activities with up to half of
children’s daily steps performed after school [17] and up to 72% of daily TV viewing occurring
between 3pm-9pm [18]. Further, evidence shows that the period becomes more important for
the accumulation of physical activity as children progress through primary (elementary) and
into secondary school [19]. Behaviours performed after school may also contribute to daily
physical activity and sedentary behaviour levels, and impact the likelihood of children achiev-
ing guidelines for health. Although this is currently unknown, an understanding of how the
after-school period contributes to daily physical activity and sedentary behaviour levels and
impacts the possibility of achieving guidelines would provide further rationale for interventions
to target this period.

Subsequently, the aims of this study were to: 1) identify the percentage of the after-school
period boys and girls spend in objectively measured sedentary behaviour (SED), light-intensity
physical activity (LPA), MVPA and proxy-reported screen-based sedentary behaviours; 2)

PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015

2/11


http://www.nhmrc.gov.au
http://www.nhmrc.gov.au
http://www.nhmrc.gov.au
http://www.nhmrc.gov.au
http://www.nhmrc.gov.au

@'PLOS ‘ ONE

Children’s After-School Behaviours

identify how the after-school period contributes to daily levels of SED, LPA MVPA and screen-
based sedentary behaviour; 3) identify how the after-school period contributes to achieving the
physical activity and sedentary behaviours guidelines among boys and girls (i.e. >60 minutes
of MVPA/day and <120 minutes of screen-based sedentary behaviour/day); and 4) examine
the association between after-school MVPA and sedentary behaviours and the odds of achiev-
ing the physical activity/sedentary behaviours guidelines during weekdays.

Methods

This study used baseline data from the Transform-Us! intervention (ACTRN 12609000715279;
ISRCTN 83725066). Transform-Us! targeted children’s physical activity and sedentary behav-
iours and the methods for that intervention have been described in detail elsewhere [20]. In
brief, 595 grade 3 children (total n = 1606; response rate 37%) were recruited from 20 randomly
selected primary (elementary) schools. The schools were within a 50km (31 miles) radius of the
city of Melbourne, Australia, had an enrolment of over 300 students, and were stratified by
socioeconomic status (SES; 8 of 41 schools in low SES areas and 12 of 96 schools in mid- to
high-SES areas). For the current study, the children’s baseline accelerometer data and parent
proxy-report data (collected Feb—Jun 2010) were used. Details of each of these measures are
provided below.

Ethics Statement

Ethical approval was obtained from the Deakin University Human Research Ethics Committee,
the Victorian Department of Education and Early Childhood Development and the Catholic
Education Office. Written parental consent and child assent to complete the assessments were
obtained prior to participation.

Demographics

Children reported their age and sex and parent’s self-reported their highest level of education.

Accelerometer-assessed physical activity and sedentary time

Children were fitted with a GT3X Actigraph accelerometer (Pensacola, FL) by trained research-
ers during class time and were informed that the monitors assess how active they are. Acceler-
ometers have been shown to have acceptable validity among children [21]. Children were
asked to wear the unit for eight consecutive days (excluding water-based activities and sleep
time) on their right hip using an elastic belt. Data were collected in 15-second epochs [22] and
downloaded using Actilife Lifestyle Monitoring System, Version 5.1. To determine whether
there may be some bias in physical activity levels, children who achieved 3 valid weekdays of
accelerometer data were compared with those who achieved 4 or 5+ days; we examined after
school and daily MVPA and found no differences in MVPA levels (data not shown).

Proxy-report after-school screen-based sedentary behaviours

Parents’ proxy reported their child’s behaviour as evidence suggests that children younger than
10 years cannot reliably report the duration of their activities [23]. Parents reported the dura-
tion that their child spent during a typical school week (Monday-Friday) after school and dur-
ing the entire day in the following screen-based sedentary behaviours: 1) watching TV/videos/
DVDs; 2) playing Play Station/Nintendo/computer games; and 3) using the computer/internet
(excluding games). These survey times were based on reliable survey items from the Children's
Leisure Activities Study Survey (CLASS) [23]. The reliability of the modified survey items was
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assessed through a 7-day test re-test reliability study, with participants from a convenience-
sampled Melbourne primary school in 2009 (n = 49, mean age 41.9 +4.8 years; 75% female).
The reliability of the proxy-report screen time behaviours was determined using intraclass cor-
relation coefficients (ICC) which were considered fair (<0.5), moderate (0.5-0.74) or high
(>0.75) [24]. Two of the after-school screen-based sedentary behaviours items showed moder-
ate reliability (ICC: >0.6) and the remaining item (after-school computer/internet) showed
fair reliability (ICC: 0.4). Two of the daily screen-based sedentary behaviours items showed fair
(ICC >0.4) reliability and the remaining item (playing Play Station/Nintendo/computer
games) showed moderate reliability (ICC: >0.6).

Data management and analysis

Specifically developed excel macros and Stata code (State 12) were used to analyse the raw
accelerometer data files. Data from the end-of-school (end-of-school time data collected from
the school, mode = 15:30) to 6pm were extracted for analysis. Non-wear time was considered
>20 consecutive minutes of zero counts in line with the most commonly used definition as
identified in a recent review of children’s accelerometer studies [25] and because it provides the
most accurate estimate of children’s sitting time [26]. Children were required to have 8+ hours
of valid data on at least three weekdays [27] and to have data for at least 50% of the after-school
period on each of those days [19] to be included in the analysis of daily behaviours and the
after-school period respectively.

Previously established age-specific cut-points [28] were used to calculate children’s LPA
(1.6-3.9 METs) and MVPA (>4 METs) during the after-school period. MVPA was defined as
>4 METs as calibration studies have shown that the energy expenditure of brisk walking is
approximately 4 METs among children and adolescents [29]. SED was defined as <100 counts.
min™ which is the cut point that most closely represents sitting time among children [30]. This
also corresponds with the Sedentary Behaviour Research Network’s sedentary behaviours
definition as sitting has a MET value of up to 1.5 among children [31]. The percentage of the
after-school period in which children participated in SED, LPA and MVPA was calculated.
The contribution of each of these to daily SED, LPA and MVPA was calculated as: (minutes in
intensity during the after-school period/minutes in intensity during the entire day)*100. The
contribution that MVPA performed during the after-school period made to achieving the
physical activity guidelines on weekdays was calculated as: (minutes in MVPA during the
after-school period/60)*100. MVPA data were positively skewed so were log transformed prior
to all analyses. To aid in interpretability, the untransformed data were also analysed and results
reported.

Mean daily time in after-school screen-based sedentary behaviours was calculated by sum-
ming the durations spent in each screen-based sedentary behaviours and dividing by five. The
contribution of after-school screen-based sedentary behaviours to total daily screen-based sed-
entary behaviours was calculated as: (minutes in screen-based sedentary behaviours time dur-
ing the after-school period/minutes in screen-based sedentary behaviours during the entire
day)*100. The contribution that screen-based sedentary behaviours performed during the
after-school period made to achieving the sedentary behaviours guidelines (on weekdays was
calculated as: (minutes in screen-based sedentary behaviours after-school/120)*100. T-tests
were used to assess sex differences between the behaviour intensities. Logistic regression was
performed to determine the likelihood of achieving the physical activity guidelines based on
the percentage of the after-school period spent in MVPA. Logistic regression was also per-
formed to determine the likelihood of achieving the sedentary behaviour guidelines based on
the time spent in screen-based sedentary behaviours during the after-school period. Both
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Table 1. The mean minutes and percentage of the after-school period spent in sedentary time (SED), light- (LPA) and moderate- to vigorous-inten-
sity physical activity (MVPA), and the contribution to daily behaviour and achieving the physical activity (PA) guidelines.

All children Boys (n =172) Girls
(n = 406) (n=234)
Mean percentage of time spent SED and in PA during the after-school period % (*SD)
SED 53.7 (£9.96) 54.8 (+10.09) 52.9 (+9.80)
LPA 32.2 (£6.96) 30.4 (+6.67)* 33.5 (+6.86)
MVPA 14.1 (+6.08) 14.9 (£6.26)* 13.6 (£5.89)
Mean time (mins) spent SED and in PA during the after-school period (+SD)
SED 62.3 (+16.82) 62.9 (+16.89) 61.8 (£16.79)
LPA 40.9 (+13.64) 38.6 (£13.25)  42.6 (+13.70)
MVPA 17.6 (+8.85) 18.8 (9.75)* 16.7 (8.03)
Mean percentage of time spent SED and in PA during the whole day % (*SD) All children Boys (n = 153) Girls
(n =359) (n = 206)
SED 60.3 (£6.25) 59.9 (+6.33) 60.5 (+6.20)
LPA 29.2 (+4.62) 28.5 (¥4.56)*  29.6 (¢4.62)
MVPA 10.6 (+3.04) 11.5 (#3.01)* 9.9 (+2.87)
Mean contribution of SED and PA time during the after-school period to daily behaviour All children Boys (n = 153) Girls
% (¥SD) (n =359) (n = 206)
SED 20.8 (+4.67) 21.4 (+4.97)* 20.4 (+4.38)
LPA 25.0 (£6.08) 24.1 (¢6.23)*  25.7 (¢5.87)
MVPA 28.8 (+9.35) 27.6 (¥9.52)*  29.8 (¢9.14)
Mean contribution of after-school MVPA to achieving PA guidelines§ % (¥SD) 29.3 (x14.75) 31.4 (+16.25)* 27.8 (+13.38)
Weekday wear time (mean mins/day) 705.6 (£76.7) 717.0 (£78.48)* 697.4
(£74.45)

Sex differences
*p<0.05

Sphysical activity guidelines: >60 minutes of MVPA per day.

doi:10.1371/journal.pone.0140132.1001

models were adjusted for clustering by school and the covariates of age, sex and maternal edu-
cation. There was no interaction between sex and achieving the physical activity guidelines,
therefore all children were analysed together.

Results

The final sample consisted of 406 children who had valid survey and accelerometer data for the
after-school period (68% of sample). Of these, 359 also had valid accelerometer data for the
entire day (mean age 8.1 years +0.47; 58% girls). Three-hundred and eighteen parents (mean
age 39.5 years £5.09; 89% female) completed a survey. There were no differences in age or sex
among the children with and without parent proxy-report data. Table 1 shows that both boys
and girls spent over half of the after-school period SED (53.7%), almost a third in LPA (32.2%)
and 14.1% in MVPA. On average, children spent over an hour SED during the after-school
period and approximately 41 minutes in LPA (no sex differences). Boys performed signifi-
cantly more MVPA after school than girls (18.8 [+9.75] minutes vs 16.7 [+8.03] minutes).
During the entire day children spent 60.3% of their time SED, 29.2% in LPA and only 10.6%
in MVPA. Girls spent a significantly greater percentage of time in LPA than boys, whereas
boys spent a greater percentage of time in MVPA than girls during both the after-school period
and the entire day. The after-school period accounted for more than one-fifth of children’s
daily SED (20.8%) and 27.6% and 29.8% of daily MVPA for boys and girls respectively. The
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after-school period made a significantly larger contribution to boys’ daily SED than girls’
(21.4% vs 20.4%, p<0.05). Conversely, the period made a significantly larger contribution to
girls’ LPA and MVPA than boys’ (LPA: 24.1% vs 25.7%, p<0.05; MVPA: 27.6% vs 29.8%,
p<0.05). After school, boys and girls performed 31% and 28% of the MVPA needed to reach
the guidelines of >60 minutes of MVPA per day.

Significantly more boys than girls achieved the physical activity guidelines (>60 minutes of
MVPA) on weekdays (69.5% vs 47.7% respectively, p<0.01); however, there were no differ-
ences in the percentage of boys and girls who achieved the sedentary behaviour guidelines
(<120 minutes screen-based sedentary behaviours) on weekdays (58.7% and 59% respectively).
When comparing the percentage of children who achieved both the physical activity and sed-
entary behaviour guidelines (i.e. >60 minutes of MVPA and <120 minutes screen-based sed-
entary behaviours), more boys than girls achieved both guidelines on weekdays (42.7% vs
27.3% respectively, p<0.05).

Data from the parent proxy-report of after-school and daily screen-based sedentary behav-
iours is shown in Table 2. Boys and girls spent 94.8 (+59.01) and 97.2 (£61.67) minutes, respec-
tively, during the entire day in screen-based sedentary behaviours. After-school boys and girls
performed 113.4 (£89.90) and 109.3 (+80.32) minutes respectively of screen-based sedentary
behaviours. The after-school period contributed to 84% of children’s daily screen-based seden-
tary behaviours and 80% of the maximum screen-based sedentary behaviours recommended
for children (<120 minutes/day). There were no sex differences in daily or after-school screen-
based sedentary behaviours.

Results of the logistic regression showed that the odds ratio of achieving the physical activity
guidelines was 1.31 (95%CI: 1.18, 1.44, p<0.01). Therefore, for each 1% increase in percentage
of the after-school period spent in MVPA, children have a 31% increased likelihood of achiev-
ing the physical activity guidelines of >60 minutes of MVPA per day. Logistic regression also
showed the odds ratio of achieving the sedentary behaviour guidelines was 0.97 (95% CI: 0.96,
0.97, p<0.01). For each 1% increase in screen-based sedentary behaviours during the after-
school period, children were 3% less likely to achieve the sedentary behaviour guidelines of
<120 minutes in screen-based sedentary behaviours per day.

Discussion

This study highlights the importance of the after-school period for children’s physical activity
and sedentary behaviours participation and achieving the associated guidelines. Results showed
a 31% increase in likelihood of achieving the physical activity guidelines for every 1% increase

Table 2. Parental proxy-reported screen-based sedentary behaviours during the after-school period (mean minutes £SD), and the contribution to
daily screen-based sedentary behaviours (+SD) and achieving the sedentary behaviour (SB) guidelines (+SD).

All children Boys Girls
(n=318) (n=136) (n=182)
After-school screen-based sedentary behaviours minutes (+SD) 96.16 (+60.45) 94.8 (+59.01) 97.19
(£61.66)
Daily screen-based sedentary behaviours minutes (+SD) 111.0 (+84.32) 113.4 109.3
(£89.80) (£80.32)
Contribution of after-school screen-based sedentary behaviours to daily screen-based 83.6 (+22.92) 83.2 (+20.93) 83.9 (+24.35)
sedentary behaviours % (+SD)
Contribution of after-school screen-based sedentary behaviours to achieving the sedentary 80.1 (£50.38) 78.9 (+49.17) 80.9 (+51.34)

behaviours guidelines® % (+SD)

Ssedentary behaviour guidelines: <120 minutes of screen-based sedentary behaviour per day

doi:10.1371/journal.pone.0140132.t1002
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in the after-school period spent in MVPA. If this finding was extrapolated for an average child
in the current study, a 1% shift (for instance, from 14% to 15% of the after-school period in
MVPA) would increase MVPA from 21 minutes to 22.5 minutes during an after-school period
of 150 minutes (e.g. 3.30-6pm). We also conducted the analysis with minutes of after-school
MVPA as the predictor. Results were very similar and therefore are not presented. After-school
screen-based sedentary behaviours participation was associated with a reduced likelihood of
achieving the sedentary behaviours guidelines. For every additional 10 minutes of screen-based
sedentary behaviours, children are 30% less likely to meet the sedentary behaviours guidelines
further highlighting the need to reduce after-school screen-based sedentary behaviours.

Children perform the majority of their daily screen-based sedentary behaviours during the
after-school period and almost reach the maximum recommended amount of daily screen-
based sedentary behaviours during this period alone. Previous research has investigated if chil-
dren meet or exceed the sedentary behaviour guidelines on a daily basis [7,11]. However, the
current study produces additional data on when the screen-based sedentary behaviours are
actually occurring, providing valuable information regarding the time of day that interventions
should be implemented.

Although less than 15% of children’s time after school is spent in MVPA, this contributed
almost a third of children’s daily MVPA, highlighting the crucial role the after-school period
plays in the accumulation of children’s daily physical activity. Although girls spent a lower per-
centage of the after-school period in MVPA, that percentage made a larger contribution to
girls’ total daily physical activity (both LPA and MVPA) than boys’ after-school physical activ-
ity. This suggests that the after-school period is a key time of the day to target these behaviours
among girls as they perform MVPA at lower levels than boys during other times of the day
(e.g. recess and lunchtime [32]). In contrast, although the majority of children’s time was spent
sedentary in the after-school period, the contribution of this period to daily sedentary levels
was the smallest across the activity intensities measured. Children must therefore also be
spending large volumes of time sedentary during other periods of the day, such as school class
time [30]. However, there is a great opportunity to reduce sedentary behaviour by targeting the
after-school period.

Previous studies have shown boys participate in more physical activity [33,34] and specifi-
cally more MVPA after school than girls [35]. This was also found in the current study as boys
engaged in MVPA for a greater percentage of the day and the after-school period than their
female counterparts. The sex differences was also seen when examining the duration (minutes)
of MVPA performed after school. However, girls performed more LPA after school than boys,
which may be attributed to active transport or active free play after school. Investigation into
the actual behaviours that children perform after school may help us further understand these
differences and provide targets for interventions in the after-school period.

In comparison to children in other studies and countries, the current sample spent a smaller
percentage of the after-school period in SED, and a greater percentage of time in LPA and
MVPA than Canadian 11 year olds [36]. Compared to a sample of children from Sydney (5-7
years), the current sample spent less time sedentary (106 minutes), more time in LPA (90.6
minutes) and more time in MVPA (14.5 minutes) after school [37]; however, the after-school
period used among the Sydney sample was longer than the period examined in the current
study (3:30-7pm compared to end-of-school to 6pm). The current sample performed similar
levels of daily MVPA to 6-19 year old Canadian children (57 minutes/day) [38] but less than
New Zealand 10-14 year old children (102 minutes/day) [39]. Further, a greater proportion of
the current sample achieved the physical activity guidelines than 7-8 year olds from England
(51%) [40], yet fewer achieved them than New Zealand 10-14 year olds [39]. In regards to
achieving the sedentary behaviours guidelines, a smaller proportion of the current sample
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achieved the guidelines than Canadian 5-11 year olds (69%) [41], but a greater proportion
achieved them than 11-15 year old Scottish youth (76%) [42]. These variations may be due to
sampling and age differences, and could also be due to sociocultural, policy and/or environ-
mental differences between countries. However, purpose-designed representative samples that
use a consistent methodology (e.g., the Health Behavior in School-Aged Children survey [43])
are needed to better examine these differences in physical activity and sedentary behaviours
estimates during the after-school period between studies (and countries).

This is the first study to determine how important the after-school period is for children’s
likelihood of achieving the physical activity and sedentary behaviour guidelines. In particular,
findings highlight the large impact that very small changes in after-school physical activity can
have on the probability of children meeting the physical activity guidelines (31% more likely to
meet the guidelines for every 1% increase in time spent in MVPA during the after-school
period). It is therefore important to develop interventions that target increases in children’s
physical activity and reductions in sedentary behaviour and screen-based sedentary behaviours
during the after-school period. For example, active homework strategies [20] may target both
physical activity and sedentary behaviour levels. Introducing after-school dance classes to Afri-
can-American girls has also been shown to successfully increase physical activity levels and
reduce TV/video viewing and video game use [44]; these strategies may be adapted to different
target populations. Further, time spent outdoors [45] is consistently shown to be associated
with physical activity and the after-school period provides a feasible opportunity to promote
outdoor play and subsequently physical activity.

Strengths and limitations

The response rate was 37% and as such it is not known if these children were representative of
the broader sample. As parents are not with their child during some parts of the day (e.g. school
hours), they may not be able to recall their screen-based sedentary behaviours during this time
which may impact their reporting of daily screen-based sedentary behaviours duration. Fur-
ther, the objective measure of sedentary time may include time when children are standing and
not moving as it is not a direct measure of sitting. Also, the proxy-report measure did not ask
specifically for the time engaged in specific sedentary behaviours while sitting. However, the
collection of objective measures of physical activity and overall SED and proxy-report screen-
based sedentary behaviours duration during the after-school period (when parents are often
with their child) is a strength of this study as this provided the intensity and duration of after-
school behaviours performed by young children. This information may be used to enhance the
effectiveness of interventions which target after-school physical activity and sedentary behav-
iour. Future research should also examine other contextual factors that may be related to chil-
dren’s after-school behaviours (e.g. who the child is with, where they are and SES) and collect
detailed information on the type of physical activity (e.g. basketball, running) and sedentary
behaviours (reading, sitting in a car) they are performing to further tailor after-school
interventions.

Conclusion

After school, children perform 80% of the maximum daily recommendation for screen-based
sedentary behaviour but less than 30% of the daily MVPA recommended for health. After-
school MVPA is positively associated with achieving the physical activity guidelines and after-
school screen-based sedentary behaviours are negatively associated with achieving the seden-
tary behaviour guidelines. However, more than half of the after-school period is spent in
screen-based sedentary behaviours and little time is spent in MVPA. Interventions should
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target reductions in sedentary behaviour and increases in physical activity during the after-
school period as the behaviours performed during this period make a large contribution to
daily levels and to achieving the associated guidelines.

Acknowledgments

The authors would like to thank Jacqui Reid and the Transform-Us! project staff for their assis-
tance with data collection; the Transform-Us! participants, and Eoin O’Connell for the excel
macros used to analyse the raw accelerometer data.

Author Contributions

Conceived and designed the experiments: LA TH JV JS. Performed the experiments: LA. Ana-
lyzed the data: LA. Contributed reagents/materials/analysis tools: LA TH JV JS. Wrote the
paper: LATH]JVJS.

References

1. Janssen|, Leblanc AG. (2010) Systematic review of the health benefits of physical activity and fitness
in school-aged children and youth. Int J Behav Nutr Phys Act 7:40. doi: 10.1186/1479-5868-7-40
PMID: 20459784

2. Tremblay M, LeBlanc A, Kho M, Saunders T, Larouche R, Colley R, et al. (2011) Systematic review of
sedentary behaviour and health indicators in school-aged children and youth. Int J Behav Nutr Phys
Act 8:98. doi: 10.1186/1479-5868-8-98 PMID: 21936895

The NHS Information Centre. Health Survey for England 2008. Leeds, United Kingdom: 2008.

4. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. (2008) Physical activity in the
United States measured by accelerometer. Med Sci Sports Exerc 40(1):181-8. PMID: 18091006

5. Active Healthy Kids Canada. Healthy Habits Start Earlier Than You Think. The Active Healthy Kids
Canada Report Card on Physical Activity for Children and Youth. Toronto, ON.: 2010.

6. Sedentary Behaviour Research N. (2012) Letter to the editor: standardized use of the terms "sedentary”
and "sedentary behaviours". Appl Physiol Nutr Metab 37(3):540-2. doi: 10.1139/h2012-024 PMID:
22540258

7. Australian Government Department of Health. Australia’s Physical Activity & Sedentary Behaviour
Guidelines for Children (5-12 years)2014. Available: http://www.health.gov.au/internet/main/
publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apa512.

8. Tremblay M, LeBlanc A, Janssen |, Kho M, Hicks A, Murumets K. (2011) Canadian sedentary behav-
iour guidelines for children and youth. Appl Physiol Nutr Metab 36(1):59-64. doi: 10.1139/H11-012
PMID: 21326378

Department of Health. Physical Activity Guidelines for Children and Young People (5-18 years). 2011.

10. Tremblay M, Warburton D, Janssen |, Patterson D, Latimer A, Rhodes R, et al. (2011) New Canadian
physical activity guidelines. Appl Physiol Nutr Metab 36:36—46. doi: 10.1139/H11-009 PMID:
21326376

11. Australian Bureau of Statistics. Australian Health Survey: Physical Activity, 2011-12. cat no.
4364.0.55.004 Canberra: Commonwealth of Australia, 2013.

12. Arundell L, Salmon J, Veitch J, O'Connell E, Hinkley T, Hume C. (2013) Standardising the ‘after-school'
period for children's physical activity and sedentary behaviour. Health Promot J Austr 24(1):65-7. doi:
10.1071/HE12910 PMID: 23575592

13. Olds T, Wake M, Patton G, Ridley K, Waters E, Williams J, et al. (2009) How do school-day activity pat-
terns differ with age and gender across adolescence? J Adolesc Health 44(1):64—72. doi: 10.1016/j.
jadohealth.2008.05.003 PMID: 19101460

14. Cooper A, Page A, Wheeler B, Hillsdon M, Griew P, Jago R. (2010) Patterns of GPS measured time
outdoors after school and objective physical activity in English children: the PEACH project. Interna-
tional Journal of Behavioral Nutrition and Physical Activity 7(1):31.

15. Hesketh K, Graham M, Waters E. (2008) Children's after-school activity: associations with weight status
and family circumstance. Pediatr Exerc Sci 20(1):84—94. PMID: 18364537

PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 9/11


http://dx.doi.org/10.1186/1479-5868-7-40
http://www.ncbi.nlm.nih.gov/pubmed/20459784
http://dx.doi.org/10.1186/1479-5868-8-98
http://www.ncbi.nlm.nih.gov/pubmed/21936895
http://www.ncbi.nlm.nih.gov/pubmed/18091006
http://dx.doi.org/10.1139/h2012-024
http://www.ncbi.nlm.nih.gov/pubmed/22540258
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apa512
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apa512
http://dx.doi.org/10.1139/H11-012
http://www.ncbi.nlm.nih.gov/pubmed/21326378
http://dx.doi.org/10.1139/H11-009
http://www.ncbi.nlm.nih.gov/pubmed/21326376
http://dx.doi.org/10.1071/HE12910
http://www.ncbi.nlm.nih.gov/pubmed/23575592
http://dx.doi.org/10.1016/j.jadohealth.2008.05.003
http://dx.doi.org/10.1016/j.jadohealth.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/19101460
http://www.ncbi.nlm.nih.gov/pubmed/18364537

@' PLOS ‘ ONE

Children’s After-School Behaviours

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Trost SG, Rosenkranz RR, Dzewaltowski D. (2008) Physical activity levels among children attending
after-school programs. Medicine and Science in Sport and Exercise 40(4):622-9. doi: 10.1249/MSS.
0b013e318161eaa5 PMID: 18317385

Flohr JA, Todd MK, Tudor-Locke C. (2006) Pedometer-assessed physical activity in young adoles-
cents. Res Q Exerc Sport 77(3):309—-15. PMID: 17020075

Hager RL. (2006) Television viewing and physical activity in children. J Adolesc Health 39(5):656—61.
PMID: 17046501

Arundell L, Ridgers ND, Veitch J, Salmon J, Hinkley T, Timperio A. (2013) 5-year changes in after-
school physical activity and sedentary behavior. Am J Prev Med 44(6):605—11. doi: 10.1016/j.amepre.
2013.01.029 PMID: 23683978

Salmon J, Arundell L, Hume C, Brown H, Hesketh K, Dunstan DW, et al. (2011) A cluster-randomized
controlled trial to reduce sedentary behavior and promote physical activity and health of 8-9 year olds:
The Transform-Us! Study. BMC Public Health 11.

Trost S, Ward D, Moorehead S, Watson P, Riner W, Burke J. (1998) Validity of the computer science
and applications (CSA) activity monitor in children. Medicine and Science in Sport and Exercise
30:629-33. PMID: 9565947

Bailey R, Olson J, Pepper S, Porszasz J, Barstow T, Cooper D. (1995) The level and tempo of chil-
dren's physical activities: an observational study. Medicine and Science in Sports and Exercise 27
(7):1033—-41. PMID: 7564970

Telford A, Salmon J, Jolley D, Crawford D. (2004) Reliability and validity of physical activity question-
naires for children: the Children's Leisure Activities Study Survey (CLASS). Pediatr Exerc Sci 16
(1):64-78.

Sim J, Wright C. Research in Health Care: Concepts, Designs and Methods. Cheltenham: Stanley
Thornes Ltd; 2000.

Cain K, Sallis J, Conway T, Van Dyck D, Calhoon L. (2012) Using Accelerometers in Youth Physical
Activity Studies: A Review of Methods. Journal of Physical Activity & Health in press.

Janssen X, Basterfield L, Parkinson KN, Pearce MS, Reilly JA, Adamson AJ, et al. (2014) Sitting time
and changes in sitting time in children and adolescents: Impact of accelerometer data reduction deci-
sions. Sci Sports 29:S44-S.

Trost S, Pate R, Freedson P, Sallis J, Taylor W. (2000) Using objective physical activity measures with
youth: how many days of monitoring are needed? Medicine and Science in Sport and Exercise 32
(2):426-31. PMID: 10694127

Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al. (2002) Age and gender differ-
ences in objectively measured physical activity in youth. Medicine & Science in Sports & Exercise 34
(2):350-5.

Trost SG, Loprinzi PD, Moore R, Pfeiffer K. (2011) Comparison of Accelerometer Cut Points for Predict-
ing Activity Intensity in Youth. Med Sci Sports Exerc 43(7):1360-8. doi: 10.1249/MSS.
0b013e318206476e PMID: 21131873

Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. (2012) Agreement between activ-
PAL and ActiGraph for assessing children's sedentary time. Int J Behav Nutr Phys Act 9:15. doi: 10.
1186/1479-5868-9-15 PMID: 22340137

Ridley K, Ainsworth B, Olds T. (2008) Development of a Compendium of Energy Expenditures for
Youth. International Journal of Behavioral Nutrition and Physical Activity 5(1):45.

Ridgers ND, Timperio A, Crawford D, Salmon J. (2011) Five-year changes in school recess and lunch-
time and the contribution to children's daily physical activity. Br J Sports Med.

Jago R, Fox K, Page A, Brockman R, Thompson J. (2010) Physical activity and sedentary behaviour
typologies of 10-11 year olds. International Journal of Behavioral Nutrition and Physical Activity 7
(1):59.

Brockman R, Jago R, Fox KR. (2010) The contribution of active play to the physical activity of primary
school children. Prev Med 51(2):144—7. doi: 10.1016/j.ypmed.2010.05.012 PMID: 20561971

Dzewaltowski DA, Ryan GJ, Rosenkranz RR. (2008) Parental bonding may moderate the relationship
between parent physical activity and youth physical activity after school. Psychol Sport Exerc 9
(6):848-54.

Stone MR, Faulkner GEJ. (2014) Outdoor play in children: Associations with objectively-measured
physical activity, sedentary behavior and weight status. Preventive Medicine 65:122—7. doi: 10.1016/j.
ypmed.2014.05.008 PMID: 24836417

Lau J, Engelen L, Bundy A. (2013) Parents' Perceptions of Children's Physical Activity Compared on
Two Electronic Diaries. Pediatric Exercise Science 25(1):124-37. PMID: 23406701

PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 10/11


http://dx.doi.org/10.1249/MSS.0b013e318161eaa5
http://dx.doi.org/10.1249/MSS.0b013e318161eaa5
http://www.ncbi.nlm.nih.gov/pubmed/18317385
http://www.ncbi.nlm.nih.gov/pubmed/17020075
http://www.ncbi.nlm.nih.gov/pubmed/17046501
http://dx.doi.org/10.1016/j.amepre.2013.01.029
http://dx.doi.org/10.1016/j.amepre.2013.01.029
http://www.ncbi.nlm.nih.gov/pubmed/23683978
http://www.ncbi.nlm.nih.gov/pubmed/9565947
http://www.ncbi.nlm.nih.gov/pubmed/7564970
http://www.ncbi.nlm.nih.gov/pubmed/10694127
http://dx.doi.org/10.1249/MSS.0b013e318206476e
http://dx.doi.org/10.1249/MSS.0b013e318206476e
http://www.ncbi.nlm.nih.gov/pubmed/21131873
http://dx.doi.org/10.1186/1479-5868-9-15
http://dx.doi.org/10.1186/1479-5868-9-15
http://www.ncbi.nlm.nih.gov/pubmed/22340137
http://dx.doi.org/10.1016/j.ypmed.2010.05.012
http://www.ncbi.nlm.nih.gov/pubmed/20561971
http://dx.doi.org/10.1016/j.ypmed.2014.05.008
http://dx.doi.org/10.1016/j.ypmed.2014.05.008
http://www.ncbi.nlm.nih.gov/pubmed/24836417
http://www.ncbi.nlm.nih.gov/pubmed/23406701

@'PLOS ‘ ONE

Children’s After-School Behaviours

38.

39.

40.

4.

42.

43.

44.

45.

Canada AHK. The 2012 Active Healthy Kids Canada Report Card on Physical Activity for Children and
Youth. Canada: 2012.

Health Active Kids New Zealand. The New Zealand Physical Activity Report Card for Children and
Youth. Aukland, New Zealand: 2014.

Active Healthy Kids England. The 2014 Active Healthy Kids England Report Card on Physical Activity
for Children and Youth. England: 2014.

Canada AHK. The 2014 Active Healthy Kids Canada Report Card on Physical Activity for Children and
Youth. Toronto, Canada: 2014.

Active Healthy Kids Scotland. Child's Play 2013? Active Healthy Kids Scotland Report Card. Scotland:
2013.

Kalman M, Inchley J, Sigmundova D, lannotti RJ, Tynjala JA, Hamrik Z, et al. (2015) Secular trends in
moderate-to-vigorous physical activity in 32 countries from 2002 to 2010: a cross-national perspective.
Eur J Public Health 25 Suppl 2:37-40. doi: 10.1093/eurpub/ckv024 PMID: 25805785

Robinson T, Killen J, Kraemer H, Wilson D, Matheson D, Haskell W, et al. (2003) Dance and reducing
television viewing to prevent weight gain in African-American girls: the Stanford GEMS pilot study. Ethn
Dis 13(Suppl 1):565-77.

Sallis JF, Prochaska JJ, Taylor WC. (2000) A review of correlates of physical activity of children and
adolescents. Medicine and Science in Sport and Exercise 32(5):963-75. PMID: 10795788

PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 11/11


http://dx.doi.org/10.1093/eurpub/ckv024
http://www.ncbi.nlm.nih.gov/pubmed/25805785
http://www.ncbi.nlm.nih.gov/pubmed/10795788

