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Abstract

Background: An important but often ignored aspect of physical activity (PA) and sedentary behavior (SB) is the
chronological succession of activities, or temporal pattern. The main purposes of this study were (1) to investigate
when certain types of PA and SB compete against each other during the course of the day and (2) compare
intensity- and domain-specific activity levels during different day-segments.

Methods: The study sample consists of 211 children aged 10-14, recruited from 15 primary and 15 secondary
schools. PA was assessed combining the SenseWear Mini Armband (SWM) with an electronic activity diary. The
intensity- and domain-specific temporal patterns were plotted and PA differences between different day-segments
(i.e, morning, school, early evening and late evening) were examined using repeated-measures ANCOVA models.

Results: Physical activity level (PAL) was highest during the early evening (2.51 METsww) and school hours

(249 METswm); the late evening segment was significantly less active (2.21 METsyw) and showed the highest
proportion of sedentary time (54 % of total time-use). Throughout the different day-segments, several domains of
PA and SB competed with each other. During the critical early-evening segment, screentime (12 % of time-use)
and homework (10 %) were dominant compared to activity domains of sports (4 %) and active leisure (3 %). The
domain of active travel competed directly with motor travel during the morning (5 % and 6 % respectively) and
early-evening segment (both 8 %).

Conclusions: Throughout the day, different aspects of PA and SB go in competition with each other, especially
during the time period immediately after school. Detailed information on the temporal patterns of PA and SB of
children could help health professionals to develop more effective PA interventions and promotion strategies. By
making adaptations to the typical day schedule of children (e.g., through the introduction of extra-curricular PA

after school hours), their daily activity levels might improve.
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Background

The beneficial health effects of regular physical activity
(PA) on children’s body composition, cardiovascular risk
factors, bone health and mental well-being are well
known [1-4]. Nevertheless, longitudinal evidence has
shown that activity levels decline throughout childhood
and adolescence [5-8]. Certain key periods in life coin-
cide with important changes in PA behavior. In children,
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the period of the school-stage transition from primary to
secondary school has shown to exert a considerable nega-
tive impact on the activity behavior of children [9-11].
Dumith et al. [5] estimated the average decline of PA
levels at 7 % per year, starting in early adolescence. While
PA levels decrease, levels of sedentary behavior (SB) ap-
pear to increase as children get older [12]. A longitu-
dinal study on a sample of Norwegian children showed
that the proportion of all screen-based sedentary behaviors
(ie., the use of television/DVD and use of computer/
videogames) had increased significantly after the school-
stage transition [13]. For girls, the decreasing activity level
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might be even more worrying, as epidemiological evidence
has consistently pointed out that girls are less active com-
pared with boys across all ages [14, 15]. A study on a sam-
ple of children from various European countries indicated
that the overall PA level of boys in terms of activity counts
per day was 21 % higher at the age of 9 and 26 % higher at
the age of 15 compared with girls [16].

There is clearly a need for effective PA interventions
that address the decreasing activity levels of girls and
boys, especially around the ages of the school-stage tran-
sition. Accurate epidemiological information providing a
comprehensive image of the current patterns of PA and
SB is required as a solid basis to develop interventions and
evaluate their efficacy [17]. Consequently, PA patterns of
children should ideally be assessed and examined in its to-
tality, based on the FITT-principle: including the fre-
quency, intensity, time and type dimension of PA [18, 19].
In general, the time dimension of the FITT-principle is
interpreted as the duration of the activities. However, be-
sides duration it can also refer to the chronological succes-
sion of the activities, also known as the temporal pattern.
By investigating the temporal pattern of activities we can
better understand the typical day schedule of children and
identify the timeframes when PA and SB compete against
each other [20]. Despite the potential impact of the tem-
poral pattern on the activity levels of children, studies that
have investigated this aspect of PA and SB are limited.

Biddle et al. [20] have published an interesting study
on the temporal patterns of leisure-time PA and SB in
13-16 year-old UK adolescents. In their study, the authors
described and examined when certain behaviors occurred
throughout the day along with the setting of PA and SB,
using a combination of two self-report measures. These
days, however, accelerometry has become the unofficial
norm when assessing PA levels under free-living condi-
tions in children. The use of accelerometers has substan-
tially improved our ability to accurately quantify the
frequency, intensity and duration of children’s PA and SB
[21]. However, if we aim to capture all the aspects of the
temporal pattern, accelerometry on its own is insufficient,
since it does not provide information on the behavioral
domain wherein activities of children occur (e.g., school,
sports, transport, screen-based activities, etc.).

In the current study, the temporal pattern of PA and
SB behaviors in 10—14 year-old children (i.e., last 2 years
of primary and first 2 years of secondary school) is in-
vestigated by combining the SenseWear Mini Armband
(SWM) with an electronic activity diary. Consequently,
we could simultaneously register all 4 dimensions of PA
and SB, as well as the temporal succession of the activ-
ities. This study will focus exclusively on weekdays dur-
ing school periods, because the chronological succession
of activities on weekend days shows almost no organized
time-structure in children. The main purposes are (1) to
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investigate when certain types of PA and SB compete
against each other during the course of the day and (2)
compare different day-segments with respect to inten-
sity- and domain-specific PA levels. As a secondary pur-
pose the temporal patterns and activity levels of PA and
SB on weekdays were compared between sexes and
school stages.

Methods

Participants and recruitment

A total of 241 children (122 boys and 119 girls) aged be-
tween 10 and 14 years were recruited from 15 primary
and 15 secondary schools in Flanders, Belgium. Schools
were randomly selected based on a realistic stratification
across the 3 different Flemish school networks in both
rural and urban areas. Sixty-one percent of all schools
that were approached approved to participate in the
study. Within the schools that consented to take part in
the study, an equal amount of boys and girls were ran-
domly recruited in the last two years of primary or the
first two years of secondary school, with an average of 8
children per school. Both children and their parents
were informed about the study aims, study protocol,
benefits and risks. The Medical Ethics Committee of the
KU Leuven approved the study and written informed
consent was obtained from both children and parents
before the start of the data collection. Data were col-
lected evenly throughout the year except during school
holidays. The recruited sample from the current study is
the same as in a previous study by De Baere et al. [22].

Anthropometry

Anthropometrics were assessed shoeless and in light
clothing. Stature and sitting height were measured to the
nearest 0.1 cm using a portable anthropometer, body
weight was determined to the nearest 0.1 kg using a digital
scale. Weight status was determined using sex and age
specific BMI standards of Flemish children [23]. An esti-
mate of biological maturity was obtained using the regres-
sion equations of Mirwald et al. [24]. These equations
estimate the time to peak height velocity (PHV) using
chronological age, sex, sitting height, stature and body
weight. A negative PHV value represents the number of
years a child is from PHYV, a positive value the number of
years a child is beyond PHV.

Assessment of physical activity

The SWM (Bodymedia, Inc, Pittsburg, PA, USA) is a multi-
sensor activity monitor that combines tri-axial accelerome-
try with physiological measures (i.e., skin temperature, heat
flux and galvanic skin response) for the estimation of sev-
eral activity parameters. The information from the different
sensors together with personal characteristics of the partici-
pant (i.e, sex, age, stature, body weight and handedness) is
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processed through proprietary algorithms from the Sense-
Wear software (SenseWear Professional software version
7.0) to estimate energy expenditure, PA intensity and num-
ber of steps on a minute-by-minute basis. A validation
study of the SWM by Calabro et al. [25] in a sample of 10—
16 year-old children showed that the SWM provides rea-
sonably accurate estimates of energy expenditure under
free-living conditions. Participants were asked to wear the
SWM on the left upper arm for 7 consecutive days, 24 h
per day and were instructed to only remove the armband
during water-based activities. A 7-day accelerometer PA
monitoring protocol is known to provide reliable estimates
of habitual PA behavior in children [26].

In addition to the continuous assessment through the
SWM, participants were instructed to record their activities
in an electronic activity diary that was developed at the
Department of Kinesiology of the KU Leuven. Through the
electronic activity diary, information on the activity type or
behavioral domain of the activities is provided. The activity
diary software program is integrated in a Palm Z22 hand-
held computer (Palm, Inc., Sunnyvale, CA, USA) and was
initially developed for a study on adults [27]. The adult
diary was adapted with regard to diary content and lan-
guage to meet the needs of our target group and the feasi-
bility of the electronic diary was tested in 10—14 year-old
children. The diary for children comprises 7 main categor-
ies: school, eating and drinking, personal care, household
chores, sleep, transportation and leisure time. The main
category of transportation is subdivided into walking, cyc-
ling and motorized travel. The main category of leisure
time is subdivided into a series of active and inactive pas-
times (e.g., television viewing, reading, active play, sport
participation, etc.). At the beginning of every new activity,
participants had to register their actions into the diary pro-
gram, except during school hours. Information on the
school schedule was obtained from the different school ad-
ministrations. The real-time assessment strategy of the ac-
tivity diary program has proven to provide more accurate
behavioral information in comparison with the conven-
tional retrospective assessment strategies, since detailed be-
havioral information is entered into the device at the time
of occurrence [28]. These real-time assessment strategies
are particularly advantageous in a young population, given
the intermittent nature of their activity behavior and cogni-
tive immaturity [29, 30]. The data of the SWM and elec-
tronic activity diary were downloaded and the activity
outputs of both devices were time-merged based on the in-
ternal clocks of both devices. Consequently, 24 h informa-
tion on all 4 dimensions of PA (ie., frequency, intensity,
time and type) was available on a minute-by-minute basis.
In some cases, missing values from the SWM were imputed
using the activity-type information from the electronic
diary. Missing data for sleep were replaced with the average
energy cost for sleep during all other nights. Missing data
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for personal care and swimming were substituted with the
MET-value and corresponding energy expenditure from
the compendium of PA for youth by Ridley et al. [31].

Based on the combined SWM and electronic diary in-
formation, a series of activity variables was created.
Physical activity level (PAL) is a measure of daily energy
expenditure and was computed as the average MET-
value provided by the SWM (METswy) during 24 h.
Time variables for the different intensity levels were cal-
culated based on SWM intensity thresholds for children:
sedentary (<1.8 METsw), light (>1.8 — < 5.1 MET swwm),
moderate (>5.1 —<7.2 METgsw\) and vigorous (>7.2
METsw) activities [22]. These SWM intensity thresh-
olds were established using a structured indirect calor-
imetry protocol. For example, the threshold between
sedentary behavior and light PA was identified based on
two criteria: correct identification of sedentary activities
(i.e., sensitivity) and correct exclusion of light intensity
activities (i.e., specificity). The threshold that showed the
lowest classification error (1.8 METgwy\) was then con-
sidered the optimal threshold. Periods of sleep were dis-
tinguished from the 4 intensity categories using the data
from the electronic activity diary. Activity-type informa-
tion from the electronic diary combined with activity-
intensity information from the SWM was used to classify
minute-by-minute PA data into 10 behavioral domains.
The behavioral domain of school activities consists of all
activities that were executed during school time, includ-
ing theoretic classes, recess time, lunch breaks and phys-
ical education classes. Sport participation entails all the
organized and non-organized sport activities children
engage in during leisure time with an intensity level
above sedentary. The active leisure domain consists of
active behaviors during leisure time (e.g., playing out-
doors, active hobbies, shopping) with an intensity level
above sedentary, excluding sport activities. Transfers on
foot or by bike with an intensity level above sedentary are
part of the active travel domain. Homework comprises all
the sedentary school-related activities performed after
school hours. Screentime consists of computer or tablet
use, watching television and video games at sedentary
intensity, but does not include screentime for home-
work. The inactive leisure domain encompasses all the
sedentary activities during leisure time, screentime ex-
cluded (e.g., reading, inactive hobbies, social interac-
tions with peers). The domain of motor travel
comprises all transfers children make by car, bus, train
or any other motorized vehicle. Eating and drinking,
personal care and household chores are part of the do-
main of common activities of daily life (CADL). Finally,
the category ‘other’ are all the minutes that could not
be allocated to one of the 10 behavioral domains due to
missing data or contradictory activity-type and intensity
information.
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For the analysis of the temporal pattern, regular week-
days (i.e., Monday, Tuesday, Thursday and Friday) were di-
vided into different day-segments: morning (6:00-9:00),
school (9:00-15:00), early evening (15:00-18:00), late
evening (18:00-21:00) and night (21:00—6:00). Since chil-
dren in Flanders only go to school during the forenoon on
Wednesdays, the time range of 9:00 to 15:00 was divided
into the day-segments of school (9:00-12:00) and after-
noon (12:00-15:00).

Participants were included in the analysis if data of at
least 4 valid weekdays were available: including at least 3
regular weekdays (i.e, Monday, Tuesday, Thursday, Friday)
and Wednesday. According to Scheers et al. [32], 3 days of
SenseWear monitoring from Monday to Friday are re-
quired in an adult population to achieve reliable estimates
of PA patterns during weekdays. In the current study,
Wednesday’s had to be included for each participant, be-
cause Wednesday’s schedule for children differs consider-
ably from other weekdays in Flanders. A valid monitoring
day was defined as a day with at least 90 % compliance or
1296 min of combined SWM and activity diary output,
after imputation of known activities. This 90 % threshold is
based on a comparison with the more often used 600 min
per day criteria for accelerometers that are worn only dur-
ing waking hours [7, 33]. The current 90 % criterion is at
the least as strict as the 600 min criterions for accelerome-
ters worn during waking hours only.

Data analysis

Intensity- and domain-specific activity levels were calcu-
lated as means and standard deviations. Design effects
were calculated for PAL and the 4 intensity categories to
determine the effect of nesting on the school-level.
Multilevel modeling is recommended when design-
effects of 2.00 or more are found, meaning that the
school-level has a considerable effect on the activity level
of our sample [34, 35]. The design effects on the current
data ranged from 0.06 for PAL to 1.92 for light intensity
activity. Consequently, ANCOVA models were used to
test mean differences in activity levels on weekdays be-
tween both sexes and school stages with weight status as
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covariate. In addition, effect size correlation coefficients
(ES-r) for the sex and school-stage effects were calculated
using the square root of partial eta squared values [36, 37].
The effect size coefficients can be interpreted using the fol-
lowing scale of magnitude: trivial (r<0.1), small (0.1 <r<
0.3) moderate (0.3 <r<0.5), large (0.5 <r<0.7), very large
(0.7 <r>< 0.9) and nearly perfect (r<0.9 < 1) [38]. Figures
representing the temporal pattern on regular weekdays and
Wednesdays were made for the time range of 6:00 to mid-
night. These graphs were created for both the PA intensities
and behavioral domains. PA differences between day-
segments on regular weekdays and Wednesdays were deter-
mined using repeated-measures ANCOVA models with
weight status as covariate. For a meaningful comparison of
the activity parameters between the different day-segments,
equal time-segments of 3 h were required. Therefore, the
6 h school-segment on regular weekdays was averaged to a
3 h day-segment before analysis. Tukey’s HSD tests were
carried out for post-hoc comparison between day-
segments. Statistical significance was set at P<0.05. All
statistical analyses were performed using SAS statistical
software, version 9.2 (SAS Institute, Cary, NC, USA).

Results

Personal characteristics and anthropometrics for the
total sample, both sexes and both school stages are
shown in Table 1. In total, 211 of the initial 241 partici-
pants met the compliance criteria. As a consequence, 30
participants (19 boys and 11 girls) were excluded from
further analysis. The group of participants that did not
meet the compliance criteria did not differ significantly
from the actual sample with respect to age and weight-
status. Intensity- and domain-specific activity levels on
weekdays are presented in Table 2. Differences between
sexes and school stages are reported together with the
effect-size correlation coefficients. The levels of PA and
SB are presented as pooled means and standard devia-
tions, because only time spent at moderate intensity
showed a significant sex by school-stage interaction effect
(P=0.01, ES-r=0.17). Average daily moderate intensity
activity was similar for boys from primary and secondary

Table 1 Descriptives and anthropometric characteristics for the total sample, by sex and school stage

Total Boys Girls Primary Secondary
No. of children 241 122 119 127 114
No. with valid data 211 103 108 110 101
Age (yr) 120 (1.2) 121 (12) 120 (1.2) 11.1 (06) 13.1(0.7)
Stature (cm) 153.8 (10.1) 153.8 (10.1) 153.8 (10.2) 147.5 (7.5) 160.7 (7.9)
Body weight (kg) 433 (10.1) 430097) 436 (10.5) 38.1 (7.7) 49.1 (93)
Age PHV (yr) —2.08 (0.96) —2.13 (0.99) —2.03 (0.94) —-2.81 (0.50) —-1.27 (0.66)
Overweight (%) 11.8 10.7 13.0 136 10.0

Anthropometric characteristics are presented as means and standard deviations
PHYV peak height velocity
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Table 2 Levels of physical activity and sedentary behavior on weekdays, comparison between sexes and school stages

Boys Girls ES-r Primary Secondary ES-r
PAL (METswm) 1.98 (0.21) 1.84 (0.23)° 0.32 1.92 (0.22) 1.89 (0.24) 0.10
Steps (n/day) 12230 (3608) 10098 (2616)° 0.34 11685 (3438) 10543 (3070)° 0.21
Time spent at different intensity levels
Sedentary (min/day) 3995 (98.3) 4180 (100.7) 0.15 3579 (83.0) 4646 (85.8)° 0.56
Light (min/day) 397.1 (72.0) 390.7 (80.8) 0.07 4228 (74.0) 362.2 (66.3)° 041
Moderate (min/day) 50.8 (21.8) 34.7 (19.1)° 036 389 (23.5) 466 (19.4)°€ 0.15
Vigorous (min/day) 244 (17.8) 149 (13.8)° 0.28 15.1 (12.5) 245 (189)° 0.27
Sleep (min/day) 568.2 (49.3) 581.8 (62.0) 0.09 6054 (52.9) 5422 (39.2)° 0.56
Time spent at behavioral domains
School (min/day) 363.2 (386) 3587 (52.8) 0.03 346.5 (46.9) 3766 (40.4)° 0.32
Sport (min/day) 305 (27.7) 293 (232) 0.03 333 (258) 262 (24.6)° 0.15
Active leisure (min/day) 237 (274) 220 (27.5) 0.03 24.8 (30.7) 206 (13.1) 0.08
Active travel (min/day) 252 (220) 27.1 (22.9) 0.07 20.7 (14.9) 323 (273)° 0.26
Homework (min/day) 34.2 (24.6) 39.7 (25.7)° 0.14 296 (18.7) 451 (289)° 0.32
Screentime (min/day) 131.3 (68.6) 97.2 (56.2)° 027 983 (58.9) 1309 (66.8)° 0.26
Inactive leisure (min/day) 46.1 (32.7) 703 (25.1)° 0.26 69.6 (47.5) 46.3 (39.4)° 0.25
Motor travel (min/day) 376 (31.5) 351 (313) 0.03 321 (26.1) 406 (35.8)° 0.14
CADL (min/day) 1085 (34.3) 108.0 (34.0) 0.00 1079 (33.1) 108.7 (35.2) 0.00
Other (min/day) 714 (27.0) 709 (26.3) 0.00 71.8 (286) 704 (24.3) 0.03

Results are presented as pooled means and standard deviations (SD)

CADL Common activities of daily life, ES-r effect size correlation coefficients
“significant main effect sex

Bsignificant main effect school stage

Ssignificant interaction effect. All tests P < 0.05

school (50.8 min/day and 50.7 min/day respectively), how-
ever girls from primary school showed a lower level of
moderate PA compared with girls from secondary school
(28.9 min/day and 42.0 min/day respectively).

The graphs of the intensity- and domain-specific tem-
poral patterns created per sex and school stage (i.e., boys
primary, girls primary, boys secondary and girls secondary),
showed little dissimilarity between the 4 subgroups. There
were almost no differences with regard to the chronological
succession of activity peaks, only the magnitude of the ac-
tivity peaks showed dissimilarities between sexes and
school stages (as illustrated by the activity level differences
in Table 2). Therefore, further analysis on the temporal pat-
tern is presented for the total sample only. The temporal
graphs for the 4 sex by school stage subgroups can be con-
sulted in the Additional files 1, 2, 3 and 4. Figures 1 and 2
show the temporal pattern for PA intensities and behavioral
domains on regular weekdays and Wednesdays. The per-
centage of time-use for the respective activity intensity and
activity domain subcomponents are plotted as a function of
the time. PA differences between day-segments for the dif-
ferent PA parameters on regular weekdays (i.e, Monday -
Tuesday - Thursday - Friday) are presented in Table 3. The
time variables from Table 3 are a quantitative representa-
tion of the area under the curve in Fig. la (ie., activity

intensities) and 1B (i.e., behavioral domains). Based on the
repeated-measures ANCOVA results of PAL and number
of steps, school (9:00-15:00) and early evening (15:00—
18:00) were the most active day-segments on regular week-
days. With respect to the time spent at different intensity
levels, sedentary time was highest during the late evening,
no significant difference was found between the school and
early evening segment. Light intensity activity was highest
during the school hours followed by the early evening,
late evening and morning. For moderate intensity, the
school and early evening segment showed significantly
more minutes spent at moderate intensity compared to
the morning and late evening segment. No significant
differences were found between the day-segments for
vigorous intensity activities. Additional file 5 shows the
temporal graph of all separate behavioral domains of PA
and SB as a function of time on regular weekdays.

Both the quantitative (Table 3) and graphical analyses
(Fig. 1b) of the behavioral domains of PA and SB reveal
that during the various day-segments active and inactive
behaviors go into competition with each other. Besides
sleep (42 %), the dominant behavioral domains during
the morning (6:00-9:00) were CADL (21 %), school
(14 %) and motor travel (6 %). Of all active domains only
active travel (5 %) had a meaningful contribution. The
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dominant behavioral domain during the early evening
(15:00-18:00) was school, as most schools in Flanders
end between 15:00 and 16:00. For early-evening leisure
time, active travel (8 %) was the most contributing active
domain. The inactive-leisure domains that were most
apparent were screentime (12 %), homework (10 %),
motor travel (8 %) and other inactive leisure activities
(8 %). During the late evening (18:00-21:00) inactive be-
haviors were more dominant compared to active behav-
iors, 54 % of total time-use was spent at sedentary-

intensity activity. The prominent inactive behavior dur-
ing the late evening was screentime (31 %). Sport partici-
pation was the dominant active behavior during the late
evening (8 %).

Table 4 shows the PA parameters and comparison be-
tween day-segments on Wednesdays. Again, the time
variables from Table 4 represent the area under the
curve in Fig. 2a (PA intensities) and 2b (behavioral do-
mains) expressed in minutes per day-segment. Because
the period before noon on Wednesdays does not differ
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from regular weekdays, only the results for the afternoon
(12:00-15:00), early evening (15:00-18:00) and late even-
ing (18:00-21:00) section are presented in Table 4.

Based on PAL and number of steps, the afternoon was
less active compared with the early evening section. With
respect to the behavioral domains, all the inactive domains
were more dominant during the afternoon day-segment
compared with the active domains; active travel (7 %) was
the main active behavior. During the early evening, the

inactive domains that contributed most were inactive leis-
ure (16 %) and screentime (14 %). Sports (15 %) and active
leisure (11 %) were the most contributing active domains.
Screentime (27 %), CADL (21 %) and sports (15 %) were
the dominant domains during the late evening segment.

Discussion
This study is the first to describe and investigate the
temporal pattern of intensity- and domain-specific PA
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Table 3 Comparison of physical activity and sedentary behavior between day-segments on regular weekdays

Morning School Early evening Late evening Model ES-r

(6:00-9:00) (9:00-15:00) (15:00-18:00) (18:00-21:00) P-value

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %
PAL (METsww) 2.10 (0.39) 249 (043)° 2.51 (0.5)° 2.21 (0.56) <0.001 049
Steps (n) 1519 (618) 2420 (837)° 2453 (952)° 1893 (1127) <0.001 0.51
Time spent at different intensity levels
Sedentary (min) 38 (17) 21 79 (22)° 44 83 (25)° 46 98 (28) 54 <0.001 0.83
Light (min) 58 (14) 32 87 (19) 48 82 (23) 45 67 (23) 37 <0.001 0.66
Moderate (min) 6 (4 3 10 (6)° 6 1 P° 6 707 4 <0001 041
Vigorous (min) 4 (5)° 2 4 (4) 2 4 (6)° 2 4 (6)° 2 0.15 0.09
Sleep (min) 75 (23) 42 0(0) 0 1(5) 1 5(10) 3 <0.001 0.95
Time spent at behavioral domains
School (min) 26 (9) 14 35 (15) 20 0(0) 0 <0.001 0.99
Sport (min) o 0 7(12) 4 14 (17) 8 <0.001 0.54
Active leisure (min) 0@ 0 6(11) 3 10 (16) 6 <0.001 0.46
Active travel (min) 9(9) 5 14 (13) 8 2 (4) 1 <0.001 0.68
Homework (min) 3 (5 2 18 (15) 10 11012) 6 <0.001 0.65
Screentime (min) 3(7) 2 22 (22) 12 55(32) 31 <0.001 0.81
Inactive leisure (min) 3(6) 2 15 (17) 8 24 (25) 13 <0.001 0.60
Motor travel (min) 11 (14) 6 15 (16) 8 7 (8) 4 <0.001 0.55
CADL (min) 39 (13)° 21 15 (12) 9 35 (18)° 19 <0.001 0.82
Other (min) 12 (9) 7 32 (18) 18 18 (14) 10 <0.001 0.51

Results are presented as means and standard deviations (SD)
CADL Common activities of daily life, ES-r effect size correlation coefficients

2bNo significant difference between day-segments with equal superscript letters. All other combinations show a significant difference, P < 0.05

“Values were converted to 3 h averages

and SB in 10-14 year-old children. In the present study,
sex and school-stage differences in activity levels were
determined and the temporal pattern was examined dur-
ing different segments of a typical weekday. The analysis
of the temporal pattern revealed when specific activity
behaviors typically take place during the course of the
day and identified when active and sedentary behaviors
compete with each other. Consequently, health profes-
sionals might employ these new insights to develop
more effective PA interventions.

With regard the comparison of weekday levels of PA
and SB, boys showed a higher PAL, more steps, more
moderate PA, more vigorous PA and less sedentary behav-
ior. These results confirm the well known gender difference
in PA and SB, as epidemiological studies have consistently
reported lower activity levels in girls compared with boys
across all ages [14, 15, 33, 39]. In contrast, the expected
higher activity level in primary school compared with sec-
ondary school could not be confirmed. No significant dif-
ference was found for PAL and secondary school children
even outperformed primary school children with regard to
moderate and vigorous PA. Nevertheless, primary school
children showed higher levels of light-intensity PA and

lower levels of sedentary time. The higher level of MVPA
in secondary school children is somewhat surprising as sev-
eral longitudinal studies have observed decreasing activity
levels after the school transition [5, 40]. However, two other
studies also found an increase in MVPA after the transition
to secondary school [10, 41]. A more detailed comparison
of activity levels between sexes and school stages for the
current sample can be found in a previous study by De
Baere et al. [22].

Despite these differences in activity levels, the graphs
of the temporal pattern of PA and SB were very similar
for both sexes and school stages. No differences with re-
gard to the succession of activity peaks were observed,
only the magnitude of the activity peaks showed some
dissimilarity between the sexes and school stages. Riddoch
et al. [33] also observed a very similar temporal pat-
tern of accelerometer activity counts for boys and
girls in their study on 11 year-old English school chil-
dren. The explanation for the similar activity patterns
of the subgroups is probably the fact that their school-
schedules are practically identical. Moreover, day schedules
in the family setting are unlikely to change when chil-
dren make the transition from primary to secondary
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Table 4 Comparison of physical activity and sedentary behavior between day-segments on Wednesdays

Afternoon Early evening Late evening Model ES-r

(12:00-15:00) (15:00-18:00) (18:00-21:00) P-value

Mean (SD) % Mean (SD) % Mean (SD) %
PAL (METsww) 247 (0.71)° 269 (1.0)° 257 (1.17)7° 0.04 0.12
Steps (n) 2439 (1504)° 2892 (2217) 2430 (2480)° 0.02 0.14
Time spent at different intensity levels
Sedentary (min) 81 (36)*° 45 75 (41)° 42 87 (44)° 48 001 0.16
Light (min) 84 (31)° 47 86 (34)° 48 70 (34) 39 <0.001 0.30
Moderate (min) 9 (9° 5 11 (14)° 6 10 (14)° 5 0.10 0.10
Vigorous (min) 4(7) 2 6 (11)° 3 8 (16)° 4 0.002 0.17
Sleep (min) 2 (15)° 1 2 (14)° 1 6 (18) 4 <0.001 0.22
Time spent at behavioral domains
School (min) 7(14) 4 00" 0 00" 0 <0.001 043
Sport (min) 7 (21) 4 26 (42)° 15 26 (41)° 15 <0.001 0.29
Active leisure (min) 11 (24)° 6 20 (33) " 7 (19)° 4 <0.001 0.31
Active travel (min) 12 (18) 7 5(12) 3 3() 1 <0.001 0.36
Homework (min) 19 (26)* 11 18 (31)° 10 8 (19) 5 <0.001 0.24
Screentime (min) 24 (38)° 13 24 (36)° 14 48 (48) 27 <0.001 0.34
Inactive leisure (min) 22 (33)° 12 29 (41)° 16 23 (38)° 13 0.09 01
Motor travel (min) 15 (21)° 8 1(1)° 6 6 (13) 4 <0.001 0.25
CADL (min) 31 (24) 17 6 (22) 9 38 (28) 21 <0.001 042
Other (min) 31 (32)° 17 0(31)° 17 15 (21) 8 <0.001 040

Results are presented as means and standard deviations (SD).

2PNo significant difference between day-segments with equal superscript letters. All other combinations show a significant difference, P < 0.05

school. As a consequence, further analysis of the temporal
pattern was executed for the total sample only. The ana-
lysis of the segmented temporal patterns revealed that
during the morning segment (6:00—9:00), active travel was
the only active domain that contributed substantially (5 %)
to the total time-use of our sample. School-related active
travel has already shown potential to contribute sub-
stantially to the overall activity levels during school days
[42]. Since all children need to commute to school at more
or less the same time, active travel competed directly
against motorized travel. Due to long commuting dis-
tances, not all children have the opportunity to travel to
school on foot or by bike [43]. For children that live within
a reasonable distance of school, however, there is still
room for improvement with respect to other barriers that
limit active travel to school. The main barriers for this
group are the parental safety concerns, including concerns
with regard to both the physical (e.g., traffic safety, avail-
ability of sidewalks and bike lanes) and social environment
(e.g., neighborhood safety) of the travel route [43]. By im-
proving these environmental factors the proportion of
children that choose active above motorized travel might
increase [44].

The school segment (9:00-15:00) was, together with
the early evening (15:00-18:00), the most active day-

segment in our sample (PAL of 2.49 METsy\ and 2.51
METsw respectively). This result is somewhat surpris-
ing, as school days are characterized by substantial pe-
riods of institutionalized sitting during the theoretic
classes. Our results mostly correspond with a study by
Telford at al. [39], wherein more sedentary time was ob-
served outside than during school time and almost no
difference was found for in and out of school MVPA.
Because of the substantial proportion of time spent in
theoretic classes, activity levels during the school hours
are limitedly amenable to improvement [45]. The mo-
ments that are improvable during school are the recess
breaks and the lunch breaks. These free moments pro-
vide important opportunities for children to engage in
moderate-to-vigorous PA (MVPA) through active play,
as several PA-stimulating environmental factors are
available (e.g., being outdoors, presence of peers and
friends, relatively safe location) [46, 47]. An average of
7 % of the total time-use of our sample during school
was spent at moderate and vigorous intensity. A large
European study on PA and SB during school hours in a
sample of 1025 children from various countries reported
that only 5 % of the total school time was spent at MVPA
[48]. School administrations should aim to increase the per-
centage of MVPA during recess, for example by providing
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access to school facilities during recess, provide port-
able play-ground equipment, create playground mark-
ing, introduce rotation of playground use and teach
playground supervisors to promote PA rather than sup-
press it [46, 49-51]. The graphical analysis of the temporal
pattern (Fig. 1a) showed different peaks and dips with in-
tervals of approximately one hour for sedentary, light and
moderate intensity activities during the school segment
(9:00-15:00). The peaks for light and moderate intensity
activity represent the PA during lunch breaks (i.e., largest
activity peak), recess breaks (i.e., medium activity peaks)
and the walking transitions between classrooms (ie.,
smaller activity peaks). These hourly walking transitions
are typically observed in secondary school children (see
Additional files 3 and 4), since different classes often take
place in specialized subject classrooms. In contrast, most
of the classes in primary school take place in one and the
same classroom. Clearly, the active transitions between
different subject classrooms in secondary school help to
interrupt periods of class-related sedentary behavior.
Breaking longer periods of sedentary behavior by light-
intensity activity during the school hours is known to
exert positive effects with regard to musculoskeletal and
metabolic health [52]. Therefore, primary schools might
improve the activity behavior of their pupils by introdu-
cing short active breaks between theoretic classes.

During the early evening segment (15:00-18:00), once
more the domains of active (8 %) and motorized travel
(8 %) competed directly with each other. Furthermore,
the inactive domains of screentime (12 %), homework
(10 %) and inactive-leisure (8 %) were all more promin-
ent compared to the active domains of sport (4 %) and
active leisure (3 %). In literature, the after-school period
is often referred to as the ‘critical hours’ for PA and SB,
because children are freed from the constraints of the
school environment and there is still enough daylight to
engage in outdoor play or sport activities [45, 53]. More-
over, O’Connor et al. [54] showed that the activity level
during the two hours immediately after school were pre-
dictive for the overall activity levels of children. Our re-
sults, however, showed that Flemish children were unable
to take advantage of the PA opportunities during the early
evening, as the competition between behaviors resulted in
a clear dominance of sedentary activities. The graphical
analysis of the temporal pattern showed the highest peak
for homework during the early evening segment. Previous
research has identified homework as a significant barrier
for engagement in leisure-time PA [55, 56]. A lot of par-
ents typically tell their offspring to do their homework im-
mediately after school hours. Consequently, homework
competes directly against sports activities and outdoor
play during the most optimal timeframe for leisure-time
PA. Few would advocate the replacement of homework by
PA behavior, but the positioning of homework within the
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day schedule of children could be optimized to create a
more PA-stimulating after-school period. In addition, re-
search has shown that PA is associated with improved per-
formance on cognitive tasks that demand concentration,
attention and memory [57]. As a result, academic per-
formance might even improve when children are encour-
aged to do their homework following a session of PA.
Recently, also the concept of active homework has come
to the attention, including strategies to reduce sitting time
while completing homework tasks [58]. Introducing extra-
curricular PA at school within a school-community part-
nership has proven to ameliorate children’s PA levels and
health-related aspects [59-62] and might also be a solu-
tion for the homework-before-leisure mentality. Moreover,
research on a sample of Flemish primary school children
indicated that when extra-curricular PA was offered at
school, the majority of children participated. Even two-
thirds of the children that were not engaged in commu-
nity sports were reached through the extra-curricular
PA program [63].

The segment of the late evening (18:00-21:00) in our
sample was dominated by sedentary activities, with
screentime as the major contributor. Around 20:30,
screen-based activities peaked at 48 % of all participants’
behaviors. Similar to the results from the study on the
temporal pattern of PA and SB in children by Biddle
et al. [20], screentime showed to be prominent through-
out the whole evening, starting immediately after school
until the end of the day. Introducing extra-curricular PA
at school could help reduce the amount of screentime
during the early evening. As a consequence, homework
would compete directly against screentime later on the
evening instead of competing against active behaviors
during the ‘critical’ after-school period. After 17:00, PA
behavior becomes less likely due to limited daylight,
which restricts outdoor play and active travel [45].

The temporal pattern on Wednesday was different from
other weekdays because of a shorter school segment (9:00—
12:00). The activity pattern during the afternoon segment
(12:00-15:00) on Wednesdays was very similar to the early
evening segment (15:00-18:00) on other weekdays. The
majority of sport (15 % of total time-use) and active-leisure
activities (11 %) were situated during the early-evening seg-
ment, continuing during the first half of the late-evening
segment (15 % and 4 % respectively). Since school is fin-
ished around noon on Wednesday, Flemish children have
more space for leisure activities. Although the inactive be-
haviors (i.e., combination of screentime, homework and in-
active leisure-time) were still more prominent, children
were more engaged in sports and other active-leisure activ-
ities on Wednesday compared to other weekdays. Appar-
ently, the longer leisure period on Wednesdays provides
additional PA opportunities. For that reason, sport clubs in
Flanders typically schedule their activities on Wednesdays.
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The insight in the temporal patterns of activity behav-
jor in children presented in this study, provide oppor-
tunities for a new approach on PA promotion. By
reorganizing parts of the typical day schedule, children
might be involuntarily guided towards more active and
less sedentary lifestyles. Especially a reorganization of
the period immediately after school has the potential to
enhance activity levels of children on weekdays, for ex-
ample by encouraging partnerships between schools and
local sport clubs to provide qualitative extracurricular
sports activities at school. Moreover, health professionals
should focus on the moments when sedentary and active
behaviors compete directly against each other (e.g.,
school transport) and create an environment that makes
it more convenient for children and their parents to
choose for the active alternative. Our study focused ex-
clusively on weekday temporal patterns, because a more
or less structured time-frame is needed to obtain valu-
able information from the temporal patterns on a group
level. The school-day schedules of children offer such an
organized framework, whereas patterns on weekend-
days are very divers and less organized [33]. The fact
that weekdays have a structured temporal pattern makes
them also susceptible for improvement on a group level
through PA interventions.

The major strength of this study is the assessment
method that was employed to answer the research ques-
tions. By combining accelerometry through the Sense-
Wear Mini Armband with registration of activity type
through an electronic activity diary, we simultaneously
captured all dimensions of PA behavior in children on a
24 h basis. As a consequence, we were able to investigate
both the temporal pattern of activity intensities as well
as the temporal pattern of the behavioral domains of PA
and SB. Moreover, the electronic activity diary ruled out
bias associated with self-report recall, as detailed activity
information was registered in real-time into the device
[28]. Finally, distinction between various sedentary be-
haviors was made. Beside the commonly investigated do-
main of screentime (i.e., watching television and playing
computer games) we also included homework, motor
travel, CADL and other inactive-leisure activities.

Although valuable insights in the temporal pattern of
activity behaviors are provided, this study is not without
limitations. First, the variability in PA and SB should be
taken into account when interpreting the study out-
comes. Our results demonstrated that PA levels can dif-
fer substantially between individuals. As a consequence,
the interventions suggested in this study are appropriate
to ameliorate the average PA level of our target group,
but might not be of the best interest of every individual.
Therefore, health professionals should carefully identify
a target population and focus on their specific needs and
interests when developing PA interventions. Secondly,
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biological maturity is also an important aspect to consider
given the age-range of our sample. The high degree of vari-
ability in activity behaviors can be attributed partly to the
variability in maturity-related aspects of our sample.
Furthermore, the comparison of PA levels between pri-
mary and secondary school children was based on
cross-sectional data instead of longitudinal data. For fu-
ture studies it would be interesting to investigate how
temporal patterns of PA and SB evolve longitudinally
throughout the young years. Finally, the self-report nature
of the electronic activity diary should be considered, as the
registration of activity type partly relies on the subjective
judgment of the participants. The electronic activity diary is
also a rather burdensome assessment method. Participants
had to carry the device and register their activities for the
entire 7-day period, possibly causing small involuntary
changes in activity behavior by the children in our sample.

Conclusions

This study provides a better insight in the temporal pat-
tern of PA and SB in 10-14 year-old children on week-
days. Our study revealed that daily levels of PA and SB
differed between sexes and school stages, however, the
temporal succession of the activities demonstrated al-
most no dissimilarities between these groups. Further-
more, our data showed that different types of PA and SB
go into competition with each other at several time-
points during the day. For the development of effective
PA promotion strategies, the temporal pattern can be
crucial information, as it has a direct impact on PA and
SB of children. By making adaptations to the typical day
schedule of children (e.g., through the introduction of
extra-curricular PA after school hours), their daily activ-
ity levels might improve.
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