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CHILDREN’S PEDOMETER~-DETERMINED PHYSICAL ACTIVITY
DURING SCHOOL-TIME AND LEISURE-TIME
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The pedometer is increasingly used to quantify physical activity in children. Examination of steps accumu-
lated in different contexts and how this varies by gender and children’s activity level can inform activity
interventions. The current study measured the pedometer steps of 7-11-year-old British children during school-
and leisure-time on weekdays and weekend days. Participants (n=104, 58% girls) wore sealed pedometers
on 4 weekdays and 2 weekend days; pedometer counts were recorded at the beginning and end of the
school day on weekdays, and at the child’s bedtime each day. Differences in step counts across context by
gender and activity tertile (high-, mid- or low-active) were examined. In both boys and girls, steps accumu-
lated in weekday leisure time were greater in the high-active groups than in the mid- and low-active groups
(p<0.001), with relatively smaller differences between activity tertiles for steps accumulated at school. In
girls, the high- and mid-active groups, but not the low-active group, accumulated more steps during leisure-
time than during school-time (p=0.001) on weekdays; in boys, all groups accumulated more steps during
leisure-time relative to school-time (p<0.001). Girls took fewer steps on weekend days than weekdays,
whereas boys’ steps did not differ by type of day. As fewer steps are accumulated at the weekend, the out-of-
school environment should be a focus for activity interventions. Low-active girls, in particular, would benefit

from interventions targeting weekday leisure time. [] Exerc Sci Fit ® Vol 7 ¢ No 2 ® 129-134 ® 2009]
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Introduction

The beneficial effects of physical activity on children’s
body fat, aerobic fitness, bone health, and psychological
wellbeing are well documented (Parfitt & Eston 2005;
Moore et al. 2003; Rowlands et al. 2002, 1999; Calfas &
Taylor 1994). However, many children are not engaging
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in sufficient physical activity and are thus putting their
health at risk. Indeed, recent data indicate that the rec-
ommended daily 1 hour of moderate-intensity physical
activity is not sufficient to prevent the appearance of
cardiovascular disease risk factors in children (Andersen
et al. 2006).

Valid measurement tools are essential to determine
the current activity levels of children from different pop-
ulations. A growing number of studies have used the
pedometer for this purpose (Cox et al. 2006; ]S Duncan
et al. 2006; Tudor-Locke et al. 2006; Vincent et al. 2003;
Vincent & Pangrazi 2002), a low-cost and unobtrusive
device that is particularly well suited to child popula-
tions. Using pedometers, Vincent and Pangrazi (2002)
found that, on weekdays, preadolescent boys and girls
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averaged 13,162 and 10,923 steps per day, respectively.
However, there was high interindividual variability,
which the authors suggested was most likely due to
differences in activity outside of the school environ-
ment. This highlights the importance of differentiating
between in-school and out-of-school contexts in order
to identify at what point in the day high-active children
are accumulating their additional activity.

A recent study found that New Zealand children
(aged 5-11 years) took significantly more steps out-of-
school than in school on weekdays (Cox et al. 2006).
When the sample was split into activity tertiles, this
increase remained for the most-active tertile, but was
not shown by the least-active group. This supports the
above assertion (Vincent & Pangrazi 2002) and high-
lights out-of-school time as a key context for interven-
tions aimed at low-active children. However, whether
this finding extends to other populations and whether
the findings remain when activity tertiles are stratified
by gender is not clear. The gender difference in chil-
dren’s physical activity is well documented (Riddoch
et al. 2004; Trost et al. 2002) and, in adolescents, it is
most pronounced during the late afternoon period
(Jago et al. 2005). Tudor-Locke et al. (2006) conducted
a detailed breakdown of activity levels and found that
6" grade boys accumulated more steps than girls dur-
ing recess, lunchtime, and after school, but there were
no differences before school and during physical edu-
cation (PE) classes. It is therefore likely that high- and
low-active boys and girls will differ in their accumulation
of steps over the day and this warrants further investi-
gation. Furthermore, the importance of including week-
end days is highlighted by studies which have found
that children are significantly less active on these days
relative to weekdays (M] Duncan et al. 2007; ]S Duncan
et al. 2006; Rowlands et al. 1999); however, this is not
always found (see Trost et al. 2000). In relation to high-
and low-active children, it is interesting to examine the
consistency of these activity groupings across weekdays
and weekend days; that is, to determine the extent to
which boys and girls who are most (or least) active on
weekdays are similarly so on weekend days.

The current study thus aimed to quantify the
pedometer steps taken by children during school- and
leisure-time on weekdays and on weekend days in a
semi-rural area of the United Kingdom. An additional
aim was to determine when (i.e. school- or leisure-time)
high-active boys and girls accumulated their additional
activity relative to their mid- and low-active counter-
parts, and to examine the consistency of these activity
tertile groupings across weekdays and weekend days.
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Methods

Participants

Participants were 104 children (61 girls, 43 boys) aged
7-11 years recruited from two primary schools in
North Wales, UK. Written informed parental consent
was obtained prior to participation. Ethical approval was
granted by the School of Psychology Ethics Committee,
Bangor University. Data were collected from late March
until June 2003.

Measures

Physical activity was measured on 4 weekdays and
2 weekend days using Yamax SW-200 pedometers
(Yamax Corp., Toyko, Japan). This pedometer has been
validated for use with children both in the laboratory
and in the field (Rowlands et al. 1999; Eston et al. 1998).
Pedometers were worn on the hip and were sealed so
as to blind the participants to the activity count. Prior to
measurement, the accuracy of all pedometers was ver-
ified using a walking test, which involved a researcher
wearing each pedometer while walking 50 steps. The
count on each pedometer was recorded after each 50
steps (in accordance with the procedure reported by
Vincent & Sidman 2003) and no pedometer exceeded
4% error (i.e. more than 2 steps incorrectly recorded
out of 50).

Body mass (to the nearest 0.1 kg) and height (to the
nearest 0.1 cm) were measured using a Hanson elec-
tronic scale (Hanson, Hemel Hempstead, Hertfordshire,
UK) and a tape measure that was attached to a vertical
wall, respectively, and body mass index (BMI, kg - m™2)
was calculated for each participant.

Procedures

Before beginning data collection, a researcher visited the
parents of each participant to explain the procedures.
On the Monday of the week allocated to data collection,
anthropometric measurements were taken at school
and pedometers were distributed to all participants.
Participants were instructed to wear the pedometers at
all times with the exception of sleeping, bathing and
swimming. At the child’s bedtime, the parent recorded
the pedometer count on a provided recording form and
then reset and resealed the pedometer. The parent also
recorded the time that the pedometer was taken off at
bedtime, and the time it was put on the following morn-
ing. If the pedometer was temporarily removed during
the day or not worn at all, the parent was asked to indi-
cate this on the form. Pedometer data were recorded in
this way until Sunday evening, giving 4 complete
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weekdays and 2 weekend days of data (incomplete data
from the initial Monday were not included in the
analysis). On each of the 4 weekdays, the researcher
also recorded the pedometer counts for the partici-
pants upon their arrival at school at 0900 hours and
again at the end of school at 1500 hours. Pedometer
counts were not revealed to the children until after the
study had finished.

Data analysis

Any days where the pedometer was removed for
more than 2 consecutive hours were discarded. Partic-
ipants needed to have at least 3 complete days of
weekday data to be included in the analysis, in accor-
dance with previous findings (Ozdoba et al. 2004),
and nine participants (5 boys, 4 girls) were excluded
on this basis. Independent samples ¢ tests showed
that excluded boys did not differ significantly from the
included sample on age, height, mass, or BMI. Excluded
girls were significantly younger and shorter than the
included sample but there were no other significant
differences.

Descriptive statistics were computed for age and
anthropometric variables, and independent ¢ tests were
used to examine gender differences. Mean school-time
and leisure-time step counts were computed for each
participant. A 2 x2 ANOVA was conducted where gen-
der was the between-subjects factor and time of day
(school-time, leisure-time) was the within-subjects factor.
Means were also computed for steps per day on week-
days and on weekend days and a 2 x2 ANOVA exam-
ined differences by gender (between-subjects factor)
and type of day (within-subjects factor). This analysis
included only those children who had data for 2 week-
end days, in addition to at least 3 weekdays (boys,
n=>33, girls, n=51).

For each gender separately, participants were divided
into tertiles on the basis of their mean steps per day
on weekdays. Differences between school- and leisure-
time step counts by tertile group (i.e. high-, medium-,
or low-active) were examined using a 2 x3 ANOVA,
conducted for boys and girls separately.

Finally, tertile groups were created based on mean
steps per day on weekend days. The extent to which par-
ticipants who were high-, mid-, or low-active on week-
days remained in the same tertile group on weekend
days was examined using 3 x 3 matrices and kappa (k)
statistics for each gender separately. As before, this
analysis only included participants with sufficient
data on weekend days. The x statistic was interpreted
as follows: k<0.20=poor tracking; k 0.21-0.40 = fair;
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k 0.41-0.60=moderate; k¥ 0.61-0.80=good; k 0.81-
1.0=very good (Altman 1991).

For all ANOVAs, significant interactions were followed-
up using Bonferroni-corrected post hoc tests. Otherwise,
the significance level was set to 0.05.

Results

Descriptive characteristics of the sample are shown in
the Table. There were no significant gender differences
for age, height, mass or BMI. The ANOVA comparing
school- and leisure-time steps showed a significant main
effect of time of day, F(1, 93)=69.3, p<0.001, indicat-
ing that, overall, participants accumulated significantly
more steps during leisure-time than in school. Boys were
significantly more active than girls overall, F(1, 93)=
24.8, p<0.001, but there was no interaction between
time of day and gender.

The comparison of weekday and weekend physical
activity showed a significant interaction between day
and gender, F(1, 82)=8.49, p<0.01, with main effects
of day, F(1, 82)=6.91, p<0.05, and gender, F(1, 82)=
35.84, p<0.001. Post hoc analysis showed that boys
were more active than girls on both weekdays, £¢(82) =
4.73, p<0.001, and weekend days, ((82)=5.61,
p<0.001. Girls were less active on weekend days than
on weekdays, #(50)=4.52, p<0.001, whereas boys’ activ-
ity did not differ between weekdays and weekend days,
t(32)=-0.18, p=0.860.

For girls, the high-active tertile took >14,056
steps/day on weekdays, the middle tertile took > 11,455
and < 14,056 steps/day, and the low-active tertile took

Table. Descriptive statistics by gender*

Boys (n=38) Girls (n=57)
Age (yr) 9.8x1.4 10.0£1.2
Height (cm) 138.4+10.0 139.0+£9.7
Mass (kg) 35.8+8.8 37.0+11.2
Body mass index 18.4%£2.3 18.8£3.6
(kg-m™)
School-time step count 7,312+ 1,816%  5782+1,748

(total steps)
Leisure-time step count
(total steps)
Weekday steps/day
Weekend steps/day®

9,742 +2,995% 7309+ 2 259F

17,054+ 4,165
17,608 + 4,868"

13,091 3,535
10,944 + 73,749l

*Data presented as mean+standard deviation; tboys greater than
girls (p<0.001); fleisure-time steps greater than school-time within-
group (p<0.001); $for weekend steps/day, there were n=733 boys and
n=>51 girls; hveekend steps lower than weekday steps within-group
(p<0.001).
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Fig. School- and leisure-time steps per day for low-, mid-, and high-active girls (left panel) and boys (right panel).

< 11,455 steps/day. The Figure (left panel) shows the
mean step counts on weekdays of high-, mid-, and low-
active girls segmented into school- and leisure-time
activity. There were significant main effects of time
of day, F(1, 54)=39.7, p<0.001, and tertile group,
F(2, 54)=64.3, p<0.001, and a significant interaction
between the two, F(2, 54)=4.9, p<0.05. Post hoc tests
showed significant differences between the step counts
of all three tertile groups during leisure-time (p <0.001).
For school activity, there were significant differences
between the high- and low-active groups and between
the high- and mid-active groups (p<0.001) but not
between the mid- and low-active groups (p=0.149).
Furthermore, both the high- and mid-active groups took
significantly more steps during leisure-time compared
to school-time, £(18)=-3.88, p=0.001, and £(18)=-4.88,
p<0.001, respectively, whereas the low-active group
showed no significant difference, t(18)=-1.99, p=0.063.

For boys, the high-active tertile took >18,373
steps/day on weekdays, the middle tertile took > 15,322
and < 18,373 steps/day, and the low-active tertile took
<15,322 steps/day. The Figure (right panel) shows the
mean step counts on weekdays of the tertile groups
by time of day. Step counts were significantly higher
during leisure-time compared to school, F(1, 35)=33.8,
p<0.001. There was also a significant effect of tertile
group, F(2, 35)=41.4, p<0.001, with significant differ-
ences between the overall step counts of all groups
(p<0.001). The interaction between time of day and
tertile group was not significant, F(2, 35)=2.0, p=0.15.

In girls, a k statistic of 0.29 (p=0.003) indicated
fair tracking between weekday and weekend physical
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activity. In total, 53% of girls (27/51) fell into the same
tertile group on weekdays and on weekend days. In
boys, however, there was poor tracking between week-
day and weekend activity (k=0.09, p=0.46), and 39%
(13/33) fell into the same tertile group on weekdays
and weekend days.

Discussion

The current study measured the pedometer steps of
7-11-year-old children during school- and leisure-time
on weekdays and on weekend days. Consistent with
previous research (Cox et al. 2006; Tudor-Locke et al.
2006; Vincent & Pangrazi 2002), on weekdays overall
step counts were significantly higher during leisure-time
(i.e. before and after school) than during school. This is
to be expected, as activity levels are largely restricted
during the school day, apart from recess periods and
PE lessons (Tudor-Locke et al. 2006). The leisure-time
context provides many opportunities for children to be
physically activity through sports clubs, free play and
active commuting. The sample was then divided into
activity tertiles (i.e. high-, mid- and low-active) and gen-
der differences examined. In both boys and girls, the
differences between the activity tertiles were greater
during the weekday leisure context than during school.
This was particularly true for girls; furthermore, the
low-active girls differed from their more active coun-
terparts in that they did not increase their activity
during leisure-time once the constraints of school were
removed. This is consistent with previous findings
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(Cox et al. 2006), but the current study is the first to
show this effect in girls only. Boys showed a different
pattern of results with all groups accumulating signifi-
cantly more steps during leisure-time relative to school.

The mean daily step counts on weekdays were
13,091 (+3,535) and 17,055 (+4,165) for girls and
boys, respectively. While the average for girls is generally
consistent with other studies (range, 10,923-14,124),
the boys’ step count is slightly higher than has been
previously reported for this age group (13,162-16,421;
M]J Duncan et al. 2007; Cox et al. 2006; JS Duncan et al.
2006; Tudor-Locke et al. 2006; Vincent & Pangrazi 2002;
Rowlands et al. 1999). This may be due to the different
populations sampled across studies and seasonal effects.
In the current study, the data were collected during the
spring and summer months when the weather was
conducive to outdoor physical activity. Previous UK-
based research indicates that objectively measured
physical activity is higher in summer than winter in
children (Rowlands & Hughes 2006). As boys may be
more likely to engage in unsupervised outdoor play
than girls, due to lessened safety concerns of parents,
the favorable weather conditions may have particu-
larly potentiated their physical activity.

The inclusion of weekend days is a strength of the
study and this revealed a further gender difference—
girls took fewer steps on weekend days relative to week-
days whereas boys showed no significant change. While
other studies have indicated lower overall activity levels
on weekend days (M] Duncan et al. 2007; ]S Duncan
et al. 2006; Rowlands et al. 1999), to our knowledge,
ours is the first to show a differential effect by gender.
This again highlights the out-of-school environment as
a time when girls are vulnerable to lower activity levels.
In relation to the activity tertile groups, the kappa analy-
sis indicated that children who are highly active on
weekdays will not necessarily remain so on weekend
days, and this appears particularly true for boys. This
suggests that children’s activity levels are somewhat
contextual, at least in the short term, and dependent
on the environment and the presence of cues that are
conducive to physical activity.

The objective measurement of physical activity is an
additional strength; however, the pedometer does not
accurately measure certain activities (e.g. swimming),
nor does it provide a measure of intensity of activity.
Despite these limitations, the measure of total steps per
day encompasses the intermittent activity patterns
of children, and pedometers are ideally suited to large
population studies of children due to their low cost
and convenience (Rowlands & Eston 2007).
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In conclusion, these findings indicate that all groups
of boys and the high- and mid-active girls accumulated
more steps during leisure-time relative to school-time
on weekdays; the low-active girls, however, did not show
this increase. Overall, girls took fewer steps on week-
end days relative to weekdays whereas boys’ steps did
not differ by type of day. This has important implica-
tions for the development of physical activity interven-
tions that are specifically tailored to meet the needs of
boys and girls. To engage girls, particularly those who
are least active, the results suggest that interventions
should be aimed primarily at the out-of-school environ-
ment (i.e. before and after school, and weekend days).

The “Fit ‘n” Fun Dudes” intervention has been devel-
oped on the basis of these findings to increase step
counts in preadolescent girls and boys. Children are
given individualized step targets, which they are chal-
lenged to achieve each day. Although the intervention
is implemented within the school context, children are
free to obtain their additional steps at any point during
the day (i.e. in-school and/or out-of-school) through activ-
ities of their own choosing. There is thus considerable
flexibility to address the needs of low-active children,
and the intervention goes beyond the school setting
rather than being focused on only one environment.
This is particularly important given the contextual nature
of children’s physical activity. Initial findings indicate
that this is a promising strategy to address the problem
of inactivity in children (Hardman et al. 2009; Horne
et al. 2009).
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