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Physical Activity Levels of Children Who Walk, Cycle,
or Are Driven to School
Ashley R. Cooper, PhD, Lars Bo Andersen, PhD, Niels Wedderkopp, MD, Angie S. Page, PhD,
Karsten Froberg, PhD

Background: Active commuting to school by walking or bicycle is widely promoted to increase children’s
physical activity. However, there is little data to describe the impact that travel mode, and
in particular cycling, may have on activity levels.

Methods: Primary school children wore an accelerometer recording minute-by-minute physical
activity, and completed questions describing travel habits. Total volume of physical activity
and hourly physical activity patterns were estimated and groups of children compared by
mode of travel to school. Data were collected as part of the European Youth Heart Study.

Results: A total of 332 children (average age 9.7 years, standard deviation [SD]�0.4 years)
completed all measurements. Children who walked to school were significantly more
physically active than those who traveled by car (accelerometer counts per minute [cpm]:
667.7, SD�233.7 vs 557.3, SD�191.4; p �0.01). Those who cycled to school recorded
higher accelerometer counts than those who traveled by car, but differences were not
significant. Boys who walked or cycled to school were significantly more physically active
than those traveling by car (walk: 732.2 cpm, SD�253.1 vs 592.8 cpm, SD�193.9; p �0.007;
cycle: 712.6 cpm, SD�249.1 vs 592.8 cpm, SD�193.9; p �0.013). In girls, walking but not
cycling to school was significantly associated with higher daily physical activity levels (606.3
cpm, SD�197.7, vs 523.4 cpm, SD�185.0 cpm; p �0.05).

Conclusions: In primary school-aged children, walking to school is associated with higher levels of overall
physical activity compared with those who travel to school by motorized transport. Cycling
is associated with higher overall physical activity only in boys.
(Am J Prev Med 2005;29(3):179–184) © 2005 American Journal of Preventive Medicine
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Tchildren to achieve regular, daily physical activ
ity, but increasingly children are being driven to

school by car rather than walking or cycling. In the
United States, approximately 50% of children aged 5 to
15 years travel to school by car, with only 10% walk
ing.1,2 In the United Kingdom, the proportion o
primary-school–aged children (5 to 10 years) driven to
school increased from 29% in 1993 to 41% in 2002.3

In response to these trends, many programs to
encourage active travel to school, both by foot and b
bicycle, are being implemented.4 However, there i
surprisingly little research on how active commuting to
school may contribute to overall levels of physica
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Filipino adolescents who walk to school, and in En
glish primary school children walking to school ha
been associated with higher overall levels of physica
activity.7 In a nationally representative survey in the
Russian Federation, omission of active commuting to
school resulted in a decrease of 12% to 20% in the
prevalence of 10-year-old children meeting health-re
lated physical activity guidelines.8 Cycling to school i
now unusual in many countries, with �2% of trip
made by bicycle,2,3,8 and the contribution that cycling
to school may make to overall physical activity i
unknown.

In addition to the physical activity accrued in actuall
traveling to and from school, there is some evidence
that walking to school may be associated with highe
physical activity levels at other times during the day.7 In
this study we used data collected in the Danish city o
Odense as part of the European Youth Heart Study9 to
investigate the association of active travel to school both
by foot and by cycle with physical activity levels through
out the school day, compared with children traveling to
1790749-3797/05/$–see front matter
y Elsevier Inc. doi:10.1016/j.amepre.2005.05.009



school by car. Odense provides a model of a safe
environment for cycling and walking, with a compre-
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Data Reduction

Accelerometer counts were summed for each hour of record-
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hensive program to protect children from road danger
Cycle lanes are protected from traffic by concrete
barriers, there is a strong awareness of pedestrian traffi
by motorists, and many cycle lanes lead directly to
schools. Consequently, a significant proportion of chil
dren cycle to school. This study investigated the associ
ation between physical activity levels and mode of trave
to school among primary-school–aged children.

Methods

This was a school-based study using data from the European
Youth Heart Study, a multicenter international study address
ing the prevalence and etiology of cardiovascular disease ris
factors in children.9 This paper describes 9-year-old children
from the Danish arm of this study. The study took plac
1997/98. Schools were tested one at a time such that al
children from an individual school were tested in the sam
period. The order of schools for testing was randomly as
signed prior to commencement. All measurements excep
assessment of physical activity were carried out in the school
that the participants attended. Approval was given by the loca
scientific ethics committee (case 96/272). Written consen
was obtained from the children’s parent/guardian, and th
children gave verbal consent to participate.

Participants

A sampling frame of schools in the city and region of Odens
(n �35) was compiled using official lists. School catchmen
areas were stratified to low, middle, and high socioeconomi
status, and the sampling of schools was performed within
these strata. A total of 28 schools were randomly selected
using probability proportional to the number of children on
the register. Twenty-five schools agreed to participate. Chi
dren were sampled randomly within schools using the schoo
registers.

Measurements

Height was measured to the nearest millimeter in bare o
stockinged feet with a transportable Harpenden stadiomete
(SECA, Birmingham, England), and weight was measured to
the nearest 0.1 kg using a calibrated beam scale. Children
completed a computerized questionnaire including item
describing their travel to school. Relevant items were: “How
do you usually travel to school?” (response options: by car o
motorcycle, by bus or train, by bicycle, on foot) with a simila
question for travel home, and “How long does it usually tak
you to travel to school from your home?” (response options
�5 minutes, 5 to 15 minutes, 15 to 30 minutes, 30 minutes to
1 hour, �1 hour). Physical activity was measured using an
accelerometer (Manufacturing Technologies Inc. [MTI
model 7164) programmed to record physical activity each
minute. The accelerometer was worn on an elastic bel
around the waist, positioned above the right hip, for at leas
4 days (including 2 weekend days) in the week prior to
physical assessment, except when swimming, bathing, and
sleeping.
180 American Journal of Preventive Medicine, Volume 29, Num
ing between 6 AM and 10 PM each day and converted to count
per minute for comparison with other studies. The mean o
the total counts for each hour of the day was computed fo
the number of weekdays that the instrument was worn. Dat
from individuals recording �10 hours of measurement on
any day were excluded from that day’s computation. Partic
pants with �2 weekdays of measurement were excluded from
all analyses. To enable comparison of activity during th
school journey, children failing to record readings between
AM and 8 AM on any weekday were also excluded. Fo
comparison of weekday and weekend activity, children wer
required to record a minimum of 2 weekdays and 2 weekend
days of measurements. Total daily moderate- to vigorous
intensity physical activity [MVPA]—that is, more than thre
metabolic equivalents—was calculated using age-specifi
cut-points.10

Analysis

Data are presented as mean and standard deviation unles
otherwise stated. The independent associations between
travel mode on physical activity (accelerometer counts pe
minute) were tested using general linear models. Model
were tested with and without adjustment for gender, stud
location (school) and season. Hourly differences in physica
activity between travel groups and differences between week
day and weekend activity levels were tested using one-wa
analysis of variance with Bonferroni adjustments for multipl
comparisons where appropriate. Analyses were performed in
2004 and 2005 using SPSS, version 11.0 (SPSS Inc., Chicago
IL, 2003) and Stata, version 8.1 (Stata Corp, College Station
TX, 2003).

Results

A total of 590 children (280 boys and 310 girls) were
recruited, of whom 417 wore the accelerometer. Data
were lost from 27 participants through faulty instru
ments, 25 did not record sufficient weekday data fo
inclusion, 25 did not record MTI measurements be
tween 7 AM and 8 AM, and 8 did not complete the trave
questions. A final sample of 323 children (152 boys, 180
girls) fulfilled the inclusion criteria. No significan
differences existed in gender, age, or body mass index
(BMI) between excluded children and those included
in the analysis. Mean age of the children was 9.7 year
(standard deviation [SD]�0.4 years), and this did no
differ between travel or gender groups. There were no
significant differences in height or BMI between an
groups (boys: average height 139.4 cm, SD�6.1 cm
average BMI 17.2, SD�2.3; girls: average height 138.2
cm, SD�6.7 cm, average BMI 17.1, SD�2.5). Children
wore the accelerometer for 2 (39.2%), 3 (40.4%), 4
(14.2%), or 5 (6.3%) weekdays. Average wearing time
for the accelerometer was 14.4 hours (90% of available
time) during the week, and 13.1 hours (82% of time) a
the weekend, and was similar in all subgroups.
ber 3
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Table 1. Weekday physical activity levels (mean � SD) of Danish primary school children

Mode of travel to school

)

ty lev

)

Children traveled to school on foot (24.1%) or via
cycle (38.9%), car (24.7%), and bus (12.3%). Mos
(�85%) of the children traveling on foot, or via bicycle
or car had a journey time of �15 minutes. The bu
journeys to school were made by public transport, no
dedicated school buses. The amount of walking in the
journey was thus unknown, and data from children
traveling to school by bus were excluded from furthe
analyses.

Physical Activity Volume

Physical activity data for the travel groups is shown in
Table 1. There was a significant main effect of trave
mode on physical activity counts per minute
(F[2,288]�4.72, p �0.01). Children who walked to
school were significantly more active than those who
traveled by car (F[1,160]�10.86, p �0.01). There wa
a significant main effect for gender (F[1,158]�8.87
p �0.01), but no significant interaction between gen
der and travel mode. Children who cycled to schoo
recorded counts between those who walked and
those who traveled by car, but these differences were
not significant. However, the magnitude of the dif
ference between the cycle and car groups may be
diminished by the proportion of girls cycling to
school being higher than in the other groups (Table

Walk
(9 boys, 41 girls)

Accelerometer counts per minute
Total 667.7�233.7
Boys 732.3�253.1
Girls 606.3�197.7

Total daily MVPA (minutes)
Total 192.7�59.3
Boys 204.0�55.1
Girls 182.1�61.8

MVPA, moderate to vigorous physical activity; SD, standard deviatio

Table 2. Comparison of weekday vs weekend physical activi

Accelerometer counts
per minute

All
(103 boys, 111 girls)

Wa
(28

Weekday
Total 618.8�241.3 68
Boys 682.1�260.1 74
Girls 560.1�206.8 63

Weekend
Total 582.1�267.4 65
Boys 593.6�254.3 62
Girls 571.5�279.7 68

SD, standard deviation.
1), girls being generally less physically active than
boys. Results were unaltered when analyses were
repeated while controlling for school to account fo
potential differences due to the school environment

Analyzed by gender, boys who walked to schoo
were significantly more active than those who trav
eled by car (F[1,77]�7.59, p �0.01), as were those
who traveled by bicycle (F[1,94]�6.45, p �0.05)
Girls who walked to school were also significantl
more active (F[1,81]�3.89, p �0.05) than those trav
eling by car, but no difference existed between
cyclists and car users.

Physical activity levels at the weekend were investi
gated in children recording both weekday and weekend
data (n �214) (Table 2). Weekday values were onl
marginally adjusted in this subgroup, and all relation
ships between travel groups during the week were
unaltered. At the weekend, boys who had walked o
cycled to school, but not those driven, were significantl
less active than during weekdays (mean differences—
walk: 120.9 cpm, SD�228.3 cpm, 95% CI�32.4–209.4
p �0.009; cycle: 103.8 cpm, SD�258.6 cpm, 95%
CI�27.9–179.7, p �0.008). There were no significan
differences in activity level between weekdays and the
weekend for girls. No significant differences were seen
between travel groups at the weekend.

cle
boys, 73 girls)

Car
(40 boys, 42 girls)

Bus
(17 boys, 24 girls

.1�249.0 557.3�191.4 555.0�185.7

.6�249.1 592.8�193.9 607.5�228.5

.8�216.0 523.4�185.0 517.8�141.9

.8�66.9 155.8�61.5 154.8�64.0

.5�70.4 170.0�60.3 172.0�83.8

.5�52.8 142.3�60.2 142.6�52.8

els (mean � SD) of Danish primary school children

Mode of travel to school

, 31 girls)
Bicycle
(47 boys, 48 girls)

Car
(28 boys, 32 girls

47.7 614.3�252.3 560.6�201.2
80.8 702.6�260.9 588.0�217.0
05.0 527.9�212.8 536.6�186.3

93.4 560.3�243.6 544.6�267.1
59.3 598.8�263.9 557.8�237.1
22.1 522.7�218.1 533.0�294.2
Bicy
(56

604
712
520

165
197
141

n.
lk
boys

5.3�2
1.6�2
4.4�2

5.5�2
0.7�2
6.9�3
Am J Prev Med 2005;29(3) 181
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Physical Activity Patterns

Danish primary-school–aged children attend shor
classes in the morning with frequent breaks, and after 1
PM attended a day center on school property where the
are free to play. To investigate when differences in
activity between travel groups occurred, acceleromete
data were plotted for each hour of the day between 7 AM

and 9 PM for boys and girls (Figures 1 and 2). The
pattern and level of activity of boys traveling on foo
and by bicycle were similar throughout the day, and
were higher at most time points than those who trav
eled by car. Combining walking and cycling as “active
commuting” identified consistent significant differ
ences compared with boys who were driven to school b
car (not shown). In girls there were no difference
between any travel mode during the day, or between
active commuting and car travel with the exception o
when traveling to school. During the late afternoon and
evening, there was a trend for girls who had walked to
school to be more active, but hourly differences did no
reach statistical significance.

Figure 1. Weekday activity pattern of boys by method of trave
to school. p �0.05 for active travel (walk and cycle) versus car

Figure 2. Weekday activity pattern of girls by method of trave
to school. p �0.05 for active travel (walk and cycle) versus car
182 American Journal of Preventive Medicine, Volume 29, Num
the periods when the children were traveling to schoo
(7 to 8 AM), in classes (8 AM to 1 PM) or day center (1 PM

to 4 PM) and after school/evening (4 PM to 9 PM). Boy
using active commuting were significantly more physi
cally active when traveling to school (561.4 cpm
SD�298.2 cpm, vs 449.9 cpm, SD�238.2 cpm, 95% C
of difference 6.4–216.6, p �0.038), during schoo
(814.0 cpm, SD�287.7 cpm vs 677.8 cpm, SD�235.0
cpm, 95% CI of difference 34.3–238.1, p �0.009), and
at the day center (996.7 cpm, SD�507.7 cpm vs 787.4
cpm, SD�439.0 cpm; 95% CI of difference 27.1–391.4
p �0.025) than those traveling by car, but there were
no significant differences between groups in the
evening. Girls using active travel to school were signif
icantly more active than car users only when traveling
to school (479.6 cpm, SD�214.1 cpm vs 404.0 cpm
SD�164.1 cpm, 95% CI of difference 3.5–147.6
p �0.04).

Physical Activity Intensity

Physical activity data collected by the MTI accelerome
ter may be used to estimate physical activity intensit
using age-specific count values equating to the thresh
old between moderate- and light-intensity activity. An
minute of recording in which counts exceed a given
value is rated as a minute of moderate to vigorou
physical activity (MVPA). Such estimates allow data to
be interpreted in practical terms, and enables compar
ison between studies. Values for mean daily MVPA are
given in Table 1. Boys who walked to school recorded
almost 34 minutes (95% CI�8.0–59.8, p �0.011) more
MVPA per day than those traveling by car, while cyclist
recorded 27.5 minutes more (95% CI�0.2–54.8
p �0.048). Girls who walked to school recorded 40
minutes (95% CI�13.1–66.4, p �0.004) more MVPA
than car users, with no difference between cyclists and
car users. The journey to school itself contributed
relatively little to these totals, with children who walked
to school recording 3.5 minutes (12.8 vs 9.3 minutes
more than those who traveled by car between 7 AM and
8 AM. Cycling is not reported for this period since the
accelerometer relies on whole-body accelerations when
worn at the waist, and thus under-estimates physica
activity when cycling.11

Discussion

This study investigated the relationship between active
commuting to school and the daily physical activit
levels and patterns of a representative sample of Danish
primary school-aged children. Walking to school wa
associated with higher overall levels of physical activit
compared with traveling by car, although the journey to
school itself contributed relatively little. This study i
ber 3
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What This Study Adds . . .
the first to investigate the association between cycling to
school and daily physical activity, and found that cy
cling was also associated with significantly higher activ
ity levels in boys but not in girls when compared with
motorized travel.

Although accelerometry is one of the best method
for measuring free-living physical activity, there are
limitations to its use that should be considered when
interpreting our findings. The MTI accelerometer is a
uniaxial device that detects whole-body vertical acceler
ations. These movements are limited when cycling, and
thus an accelerometer worn around the waist wil
under-report physical activity during cycling. The ex
tent of this under-reporting is hard to assess, as the
children did not report periods when cycling. However
since they will not be using their bicycles during schoo
time or during play school, the relationships seen in
this study remain unchanged. Furthermore, 4 to 5 day
of activity monitoring have been proposed as suitable
duration for accurately and reliably assessing the usua
activity behavior in children,15 whereas only 2 to 3 day
of weekday data were available for most of our partici
pants. It is possible that this slightly shorter monitoring
period may either enhance or attenuate the true asso
ciation between travel mode and physical activity level

It is possible that naturally active children choose to
travel to school by active means, explaining the differ
ences seen. To explore this issue, we investigated
physical activity levels at the weekend. Boys who trav
eled to school by active means in the week were
markedly less active at the weekend, but were still more
active than the car users, providing some evidence tha
the car users may be generally less active children
However, these differences were not statistically signif
icant. In girls, activity levels at the weekend approxi
mated those during the week, although girls who
walked to school in the week were more active at the
weekend. Again, no significant differences were seen
between travel groups. These results suggest that differ
ences during the week cannot be explained by natura
differences in activity level between groups of children

Few other studies have investigated the relation
ship between active commuting to school and overal

Walking or bicycling to and from school can
contribute to attaining public health goals for
total physical activity.

Using accelerometers to assess primary school-
aged children in Denmark, it was found that
walking (for girls) and cycling (for girls and boys)
to school was associated with higher levels of
physical activity, but only some of this increase was
attributable to the journey itself.
of Filipino adolescents to show higher energy expen
diture by those who reported walking to school, with
males recording higher values than females.6 How
ever, the Caltrac provides an estimate of energ
expenditure in physical activity that is not time
resolved, and thus the time of day when difference
among travel groups arose could not be determined
Only two studies have investigated associations be
tween travel to school and physical activity using
minute-by-minute accelerometry. In a study of chil
dren aged 5 years, no differences in physical activit
levels were seen in association with travel mode.12 In
contrast, in English primary school children, boy
who walked to school were significantly more active
than those commuting by car, and this difference
could not be accounted for by the journey alone.
Major differences in activity occurred after school in
outdoor play/games, suggesting that active commut
ing may have acted as a catalyst for increasing
informal and spontaneous aspects of physica
activity.16

The results from this study of Danish children are
similar to those reported for English children of the
same age, with walking to school associated overall with
higher daily physical activity levels. In contrast to the
English study, walking to school was associated with
higher physical activity in both boys and girls. Boy
recorded higher activity during school and free play
while girls were more active later in the day. A strong
gender difference was seen in activity associated with
cycling to school. Although more girls cycled to schoo
than boys, only in boys was a higher level of overall dail
physical activity seen. The reason for these gende
differences is unknown, but may reflect the activitie
that boys participate in during free time such as footbal
and chasing games.13 That differences in physical activ
ity associated with travel mode occurred both within
school and during supervised free play raises the pos
sibility that, at least in boys, physical activity early in the
day may prompt increased activity throughout the day
Limited experimental evidence supports this possibili
ty,14 although more extensive investigation is required

This study demonstrates that walking and cycling to
school may be associated with overall higher levels o
daily physical activity in primary school children when
compared with children who travel to school by car
The mechanisms by which these differences occur are
not known, and more research is required into the
social and environmental determinants of physical ac
tivity associated with active commuting. Nonetheless
that similar results have been described in differen
cultures and school systems provides good evidence in
support of policy initiatives to promote active commut
ing to school as a means of increasing children’s dail
physical activity.
Am J Prev Med 2005;29(3) 183
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