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Schoolchildren
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The purpose of this study was to (1) determine the physical activity levels of 9–11
year old children, and (2) compare the activity levels of children who commute
to school by active and passive modes. 140 children aged 9–11 years (85 boys)
were recruited from four urban Irish schools. Mode of commuting was assessed
by questionnaire. Step counts were measured for 4 consecutive days. Mean daily
step counts for the sample were 14386 ± 5634. Boys were significantly more active
than girls (15857 ± 5482 vs. 12113 ± 5127 steps). Eighty-seven children (62.1%)
traveled by car, 51 children (36.4%) walked to school, one child traveled by bus
and one child cycled. Children who walked or cycled to school had higher daily
step counts than those who traveled by passive modes (16118 ± 5757 vs. 13363
± 5332 steps). Active commuting to school may therefore represent a worthwhile
strategy for improving children’s physical activity levels.

Physically active children have higher levels of cardiorespiratory and muscular
fitness, lower body fatness, stronger bones, and may have reduced symptoms of
anxiety and depression compared with their inactive counterparts (31). However
high proportions of children in Ireland (18), other European countries (22) and
the US (2) do not achieve the recommended level of physical activity. Strategies
to improve the physical activity levels of children should therefore be seen as a
public health priority. The journey to school is an ideal opportunity for increasing
children’s daily physical activity.
Rapid economic and demographic change in Ireland over the last decade has
resulted in increased car ownership (5) and a concomitant rise in the percentage
of journeys to work and school by car (3). Census figures demonstrate that the
proportion of children in Ireland aged 5–12 years who engage in active school
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transport decreased from 50% in 1986 to 25% in 2006. This decline is mirrored
by data from other countries (9,32) and has occurred in a period of rising levels
of childhood overweight and obesity (19) and declining rates of children’s physical activity. Active commuting initiatives may therefore represent a worthwhile
strategy to address these interlinked trends. Examining the influence that mode of
commuting to school has on overall activity levels will assist public health bodies
in developing interventions suited to primary school aged children.
Studies to date on the physical activity habits of Irish children have been
limited by the use of proxy and self-report measures and highlight the need for
more objective measures. Pedometers provide a simple and affordable means of
tracking daily physical activity volume and correlate well with that of different
accelerometers (25). To the authors’ knowledge there is only one published study
which has assessed the step counts of Irish children (1). Belton et al. concluded
that the sample of 6–9 year old children met the age- and sex- specific pedometer
recommendations for healthy body composition of 12,000 steps per day for girls
and 15,000 steps per day for boys (27). The commuting practice of these children
was not measured however and therefore the contribution of active transport to
meeting physical activity recommendations in this group is unknown.
The purpose of the current study was twofold: (1) to determine the physical
activity levels of 7–9 year old children via pedometery (2) to compare the activity
levels of children who commute by active and sedentary modes.

Methods
Subjects
140 children aged 9–11 years (9.9 ± 0.5; 85 male, 55 female) took part in the
study. Children were recruited from four urban schools in Limerick City, Ireland.
To provide a representative sample, schools designated as “disadvantaged” by
the Department of Education & Science, where the catchment area would be
predominantly lower social class and schools where the catchment area would be
predominantly middle class were invited to participate. 27 children attended designated disadvantaged schools. Written informed consent was obtained from the
parent/guardian of each child. The study was approved by the institutional review
board and data were collected from March to May 2009.

Procedures
Steps counts were measured for 4 consecutive schooldays using a Yamax Digiwalker
SW-200. Pedometers show acceptable accuracy, reliability and validity (29,30)
and the Yamax has been designated as a ‘research grade’ instrument (28). Four
days of monitoring is considered sufficient for determining habitual activity levels
in children (34). Participants were given a brief overview of the study and were
shown how to attach the pedometer to the waistband of their clothing (at the right
hip, in line with the knee). Children were asked to wear the pedometer during all
waking hours except when swimming or bathing. Each day children were required
to record on a log-sheet the time of putting the pedometer on and off, and the total
number of steps taken.
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A once-off questionnaire was used to assess patterns of commuting to school.
Children were asked how they usually traveled to and from school (car / motorcycle
/ bus / train / bicycle / walking) and how long the journey took (less than 5 min /
5–15 min / 15–30 min / 30 min to 1 hr / more than 1 hr).

Data Reduction and Analysis
Children who removed their pedometer for more than one hour of any day and
those with daily step counts below 1,000 or above 30,000 had the steps on that day
removed from the analysis (23). Furthermore subjects with more than one full day
of missing data were excluded (n = 11). Data are presented for the 140 subjects
whose data sets met the inclusion criteria.
Data from the child who cycled to school (n = 1) was pooled with data from
children who walked to school (n = 54) and classified as ‘active’ commuting. Data
from children who traveled to school by car or bus was pooled and classified as
‘passive’ commuting. Children who reported traveling to and from school by different modes were classified accorded to the mode of commuting to school (To
school: 88 passive, 52 active; From school: 91 passive, 49 active).
Difference in mean daily steps counts of boys and girls, and steps counts of
walkers and passive commuters were analyzed using independent t tests. A twoway ANOVA was used to examine gender X travel interactions for mean daily
step counts. As all possible comparisons were planned, the multiple comparison
problem was ignored and Fisher’s Least-Significant Differences (LSD) post hoc
(4) tests were used to identify significant differences between groups. Statistical
significant was established at p < .05.

Results
Eighty-seven children (62.1%) traveled by car, 51 children (36.4%) walked to
school, one child traveled by bus and one child cycled. Mean (SD) for step counts
according to sex and mode of commuting to school are shown in Table 1. Children
who walked to school had higher daily step counts than those who traveled by
a passive mode (16,118 ± 5757 vs. 13,363 ± 5332 steps; p < .01). The two-way
Table 1 Weekday Step Counts of Irish Primary School Children by
Mode of Travel to School
Active

Passive

(51 walk /1 bicycle)

(87 car/1 bus)

37 boys, 15 girls

48 boys, 40 girls

Mean

SD

Mean

SD

Boys

16675

5188

15227

5670

Girls

14743

6976

11127

3908

Total

16118

5757*

13363

5332*

*Significant difference between step counts of active and passive commuters P < .01
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ANOVA did not reveal a significant gender x travel interaction for mean daily
step counts.
Of those who traveled to school by car, 17.2% had a journey less than 5 min,
43.7% had a journey of 5–15 min and 39% traveled for more than 15 min. Eighty
percent of journeys by foot were less than 15 min, and 35.3% less than 5 min.
Mean daily step counts for the sample were 14,386 ± 5634. Boys (15,857
± 5,482 steps) were significantly more active than girls (12,113 ± 5,127 steps; p
< .01). There were no significant differences in the step counts of children from
disadvantaged schools and nondisadvantaged schools.

Discussion
This is the first study to investigate the influence of mode of commuting on objectively measured physical activity levels in Irish primary school children. Children
who walked to school reported higher daily step counts than those who commuted
by passive means.

Active vs. Passive Commuters
In agreement with previous research (12,33) children who walked to school
demonstrated higher weekday step counts that those who commuted by a passive
mode. The difference in total daily physical activity of approx 21% is similar to the
magnitude of difference reported in a related study using accelerometer data (6).
This finding is encouraging as active commuters demonstrate better cardiovascular
fitness (8) and lower rates of obesity (13) compared with passive commuters. Our
results suggest that active commuting initiatives, such as ‘walking buses’, may play
an important role in school-based programs to increase physical activity. Of course
whether this difference between active and passive commuters can be explained by
the physical activity accumulated in the journey to school only is unknown. It has
been previously shown that active travel to school is associated with higher levels
of active travel to other neighborhood destinations (10) and suggests that the differences in physical activity by transport mode are not simply due to the fact that
more active children choose active forms of transport to school (8).
Thirty six percent of children in the current study walked to school which
is higher than national estimates but consistent with rates for the particular city
studied (3), reflecting findings that urban form is an important factor that influences the likelihood of walking to school (16). Eighty percent of journeys by foot
were less than 15 min indicating that proximity to school may be a key factor in
determining choice to commute actively. A U.S. study found that living within
a mile of school made it over three times more likely that a child would walk to
school rather than be driven (16). Similarly a UK study demonstrated that children
aged 9–10 years whose distance to school was less than 1km were more likely to
walk to school (20), while an Irish study found that the further an adolescent lives
from school, the less likely they are to walk or cycle (17). Of course there are other
mediating factors that influence choice to actively commute as it is associated with
environmental characteristics (e.g., higher land mix use, presence of street trees);
which suggests that planners should consider these factors when locating schools
to promote increased physical activity (15).
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Gender Differences
As found previously boys were more active than girls (35). In fact boys accumulated
approximately 30% more steps per day than girls. Previous estimates of the difference in physical activity levels of boys and girls are 15–25% (24). Tudor-Locke et
al. (2004) established that for 6–12 year old children, girls taking < 12,000 steps
per day and boys taking < 15,000 steps per day are more likely to be classified as
overweight/obese (27). If these observations are applied to the current study then
48% of boys (n = 41) and 56% of girls (n = 31) did not accumulate the number of
steps per day associated with a healthy weight. It is plausible that a proportion of
children in this cohort is at risk for being classified as overweight/obese and warrant
intervention, although in the absence of BMI measures this remains speculative.
Of note is that girls who commuted to school by passive means accumulated <
12,000 steps per day (11,127 ± 3908). This finding highlights the important role
that active commuting may play in combating rising levels of physical inactivity
and obesity in children.

Physical Activity Levels
Mean weekday step counts for the sample (14,386) are greater than that reported
previously in an Irish sample (1). Belton et al. (2010) reported 10,948 steps per
day for children aged 6–9 years. This difference between 6–9 year old children and
those immediately older is consistent with the findings of a review of 31 studies
(26). Combined these experimental studies provide valuable objective data on step
counts and physical activity levels of primary school children in Ireland, adding to
existing work using proxy and self-report measures (14).
The weekday step counts found in the current study are greater that than
previously found in 8–11 year old children in England (13,827 steps/day; 11),
and lower than that reported in children in school years 4–6 (approx age 8–10) in
New Zealand (15,671 steps/day)(7) and 9–11 year old Swedish children (21). The
disparity in findings may represent not only different age ranges but also differing
social and environmental factors between countries, and highlights the needs for
further research to establish country-, gender- and age-specific norms.

Limitations
Data collected in the current study is cross-sectional and information on health measures were not assessed therefore causal relationships between mode of commuting
and health outcomes cannot be inferred. Also as the pedometers were not sealed
there is potential that reactivity occurred. Results are representative of 9–11 year
old Irish children living in an urban area, and should be interpreted as such when
comparing with other populations. Children reported the length of their commute
by recall and this data may therefore be influenced by subject bias. Influencing
factors on commuting behavior, such as car ownership and distance to school, was
not assessed. Finally, the sample was recruited from four schools and it should be
noted that children from the same school are not independent as they are likely to
be influenced by factors such as school ethos, schools facilities and the distance
of school from residential areas.
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In summary, the current study demonstrates that children aged 9–11 who walk
to school accumulate more daily steps than those who commute by passive means.
Active commuting initiatives may therefore represent a worthwhile element of
school based health promotion strategies.
Acknowledgments
The authors thank Mr. Derek Byrne for assistance with data collection. This study was supported by a grant from the Mary Immaculate College Research Directorate Seed Funding
Scheme.

References
1. Belton, S., P. Brady, S. Meegan, and C. Woods. Pedometer step count and BMI of Irish
primary school children aged 6-9 years. Prev. Med. 50:189–192, 2010.
2. Centers for Disease Control and Prevention. Behavioral Risk Factor Surveillance System
Survey Data; 2005.
3. Central Statistics Office. Census of Population 2006, Volume 12: Travel to Work, School
and College: Government of Ireland; 2006.
4. Christensen, R. Analysis of Variance, Design and Regression; Applied statistical methods. London: Chapman & Hall, 1996.
5. Commins, N., and A. Nolan. Car Ownership and Mode of Transport to Work in Ireland.
Econ. Soc. Rev. (Irel). 41:43–75, 2010.
6. Cooper, A.R., L.B. Andersen, N. Wedderkopp, A.S. Page, and K. Froberg. Physical
Activity Levels of Children Who Walk, Cycle, or Are Driven to School. Am. J. Prev.
Med. 29:179–184, 2005.
7. Cox, M., G. Scholfied, N. Greasley, and G.S. Kolt. Pedometer steps in primary schoolaged children: A comparison of school-based and out-of-school activity. J. Sci. Med.
Sport. 9:91–97, 2006.
8. Davison, K., J. Werder, and C. Lawson. Children’s active commuting to school: current
knowledge and future directions. Prev. Chronic Dis. 5:A100, 2008.
9. Department for Transport. Focus on Personal Travel; Including the report of the National
Travel Survey 2002/2003. London: TSO, 2005.
10. Dollman, J., and N. Lewis. Active transport to school as part of a broader habit of
walking and cycling among South Australian youth. Pediatr. Exerc. Sci. 19:436, 2007.
11. Duncan, M.J., Y. Al-Nakeeb, L. Woodfield, and M. Lyons. Pedometer determined
physical activity levels in primary school children from central England. Prev. Med.
44:416–420, 2007.
12. Faulkner, G., R. Buliung, P. Flora, and C. Fusco. Active school transport, physical
activity levels and body weight of children and youth: A systematic review. Prev. Med.
48:3–8, 2009.
13. Garrard J. Active transport: Children and young people: VicHealth; 2009.
14. Hussey, J., J. Gormley, and C. Bell. Physical activity in Dublin children aged 7-9 years.
Br. J. Sports Med. 35:268–272, 2001.
15. Larsen, K., J. Gilliland, P. Hess, P. Tucker, J. Irwin, and M. He. The Influence of the
Physical Environment and Sociodemographic Characteristics on Children’s Mode of
Travel to and From School. Am. J. Public Health. 99:520, 2009.
16. McMillan, T. The relative influence of urban form on a child’s travel mode to school.
Transp. Res. Part A Policy Pract. 41:69–79, 2007.
17. Nelson, N.M., E. Foley, D.J. O’Gorman, N.M. Moyna, and C.B. Woods. Active commuting to school: How far is too far? Int. J. Behav. Nutr. Phys. Act. 5:1, 2008.

236   Murtagh and Murphy

18. Nic Gabhainn, S., C. Kelly, and M. Molcho. HBSC Ireland 2006: National Report of
the 2006 Health Behaviour in School-aged Children in Ireland. Dublin: Department
of Health and Children, 2007.
19. Ogden, C., K. Flegal, M. Carroll, and C. Johnson. Prevalence and trends in overweight
among US children and adolescents, 1999-2000. JAMA. 288:1728, 2002.
20. Panter, J., A. Jones, E. Van Sluijs, and S. Griffin. Neighborhood, Route, and School
Environments and Children’s Active Commuting. Am. J. Prev. Med. 38:268–278, 2010.
21. Raustorp, A., and J. Ludvigsson. Secular trends of pedometer-determined physical
activity in Swedish school children. Acta Paediatr. 96:1824–1828, 2007.
22. Riddoch, C., C. Mattocks, K. Deere, et al. Objective measurement of levels and patterns
of physical activity. Arch. Dis. Child. 92:963–969, 2007.
23. Rowe, D.A., M.T. Mahar, T.D. Raedeke, and J. Lore. Measuring Physical Activity in
Children With Pedometers: Reliability, Reactivity, and Replacement of Missing Data.
Pediatr. Exerc. Sci. 16:343–354, 2004.
24. Sallis, J. Epidemiology of physical activity and fitness in children and adolescents.
Crit. Rev. Food Sci. Nutr. 33:403–408, 1993.
25. Tudor-Locke, C. Taking Steps toward Increased Physical Activity: Using Pedometers
To Measure and Motivate. President’s Council on Physical Fitness and Sports Research
Digest Series. 3:1–8, 2002.
26. Tudor-Locke, C., J. McClain, T. Hart, S. Sisson, and T. Washington. Expected values
for pedometer-determined physical activity in youth. Res. Q. Exerc. Sport. 80:164–174,
2009.
27. Tudor-Locke, C., R.P. Pangrazi, C.B. Corbin, et al. BMI-referenced standards for
recommended pedometer-determined steps/day in children. Prev. Med. 38:857–864,
2004.
28. Tudor-Locke, C., S. Sisson, S. Lee, C. Craig, R. Plotnikoff, and A. Bauman. Evaluation
of quality of commercial pedometers. Can. J. Public Health. 97:10, 2006.
29. Tudor-Locke, C., J.E. Williams, J.P. Reis, and D. Pluto. Utility of pedometers for
assessing physical activity - Convergent validity. Sports Med. 32:795–808, 2002.
30. Tudor-Locke, C.E., and A.M. Myers. Methodological Considerations for Researchers
and Practitioners Using Pedometers to Measure Physcial (Ambulatory) Activity. Res.
Q. Exerc. Sport. 72:1–12, 2001.
31. U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines
for Americans. 2008 http://www.health.gov/paguidelines/pdf/paguide.pdf.
32. Van Der Ploeg, H., D. Merom, G. Corpuz, and A. Bauman. Trends in Australian children
traveling to school 1971-2003: Burning petrol or carbohydrates? Prev. Med. 46:60–62,
2008.
33. van Sluijs, E., V. Fearne, C. Mattocks, C. Riddoch, S. Griffin, and A. Ness. The contribution of active travel to children’s physical activity levels: Cross-sectional results
from the ALSPAC study. Prev. Med. 48:519–524, 2009.
34. Vincent, S., and R. Pangrazi. Does Reactivity Exist in Children When Measuring
Activity Levels with Pedometers? Pediatr. Exerc. Sci. 14:56–63, 2002.
35. Vincent, S.D., R.P. Pangrazi, A. Raustorp, L.M. Tomson, and T.F. Cuddihy. Activity
Levels and Body Mass Index of Children in the United States, Sweden, and Australia.
Med. Sci. Sports Exerc. 35:1367, 2003.

