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Abstract
The purpose of this study was to examine potential correlates of objectively measured physical
activity among a sample of Australian adolescents. Participants were 119 14-15 year old students
from three secondary schools. Students wore pedometers for four consecutive school days and
completed questionnaires assessing demographic, social, psychological and behavioural correlates of
physical activity. Mean steps/day were 11,865 (£ 3,997) for boys (n =47) and 9,466 (+ 3,195) for
girls (n = 72). Approximately one third of boys (32%) and girls (33%) satisfied existing step
recommendations (girls 11,000 steps/day and boys 13,000 steps/day). In the first instance, the
relationship between factors and physical activity was assessed using bivariate correlation. Enjoyment
of physical activity (r =.37, p <.05), use of self-management strategies (r = .33, p <.05) and
perceived barriers (r = -.39, p <.05) were significantly related to mean steps/day among boys. Peer
support (r = .26, p <.05) and the use of self-management strategies (r = .30, p <.05) were significantly
associated with mean steps/day for girls. Hierarchical regression analysis revealed that gender, peer
support, self-management strategies and perceived barriers accounted for 16% of the variance in
mean steps/day. This study has identified a number of potentially modifiable correlates of objectively

measured physical activity in sample of Australian adolescents.
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Social, psychological and behavioural correlates of pedometer step counts in a sample of Australian
adolescents

Despite evidence that physical activity is associated with improved social, physical and
emotional health, almost half of the Australian population are not sufficiently active.' Estimates
suggest that physical inactivity costs Australia approximately $400 million per year in health care
expenses”. Although many of the markers of chronic diseases manifest themselves among adults,
there are a number of reasons why the promotion of physical activity among youth has been identified
as a global health priority.’ Firstly, low levels of physical activity contribute to lifestyle diseases such
as obesity, which is one of the leading health problems facing many developed nations, including
Australia.* Secondly, there is some evidence to suggest that health behaviours such as physical
activity track into adulthood, however, the evidence for short-term tracking is stronger.’ Finally,
physical levels generally decline during adolescence, with the most dramatic decline in physical
activity occurring between the ages of 13 and 18.°

To help reduce the decline in physical activity associated with adolescence, it is important
to examine factors associated with physical activity in specific populations. The most comprehensive
review of factors associated with adolescent activity assessed 48 non-modifiable (e.g. age, gender)
and modifiable (e.g. self-efficacy, beliefs) variables in 108 studies.” Many of the findings were
conflicting and the majority of the studies were conducted in the United States. It is of additional
concern that most of the evidence regarding physical activity correlates has been based on studies that
have measured physical activity using self-reports.® The recall of physical activity is problematic and
social desirability bias can lead to individuals overestimating their time spent in activity.’

Considering the inconsistent findings and limited data on international samples, the aim of
this study was to identify correlates of objectively measured physical activity in a sample of
Australian adolescents. An additional aim of this study was to identify pedometer determined levels
of physical activity in the study sample.

Methods

Participants
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Approval was obtained from school principals, the University of Newcastle, New South
Wales (NSW), Australia and the NSW Department of Education and Training ethics committees.
Two government schools and two independent schools located 15 minutes drive from the University
of Newcastle were invited to participate. Three schools indicated agreement and were included in the
study (two independent schools and one government school). The study aimed to recruit 50 students
from years 8 and 9 (14 and 15 year olds) from each school. Participants were recruited through
physical education classes and consisted of students who had selected a health and fitness school
sport option delivered at the University of Newcastle. The total sample consisted of 119 students (47
boys, 72 girls) which represented a response rate of 79%.
Procedures

Students completed questionnaires which were administered by trained research assistants,
who also provided students with pedometers and instructions for wearing them. Participants were
asked to wear sealed pedometers for four consecutive school days (students were given the
pedometers on Monday morning which were then collected on Friday morning). Previous studies
have established that four days of consecutive pedometer monitoring are necessary to provide a
reliable measure of habitual physical activity among youth.'’ Students were instructed on how to
attach the pedometers (at the waist on the right hand side) and asked to remove the pedometers only
when sleeping or when the pedometer might get wet (e.g. swimming, surfing, showering). On the
Friday morning, research assistants collected the pedometers, cut the cable ties and recorded total step
counts.
Measures

Physical activity. The Yamax SW701 pedometer was used in the present study to measure
physical activity, as it has been reported to be a more reliable measure of physical activity compared
to other pedometer brands.'' Eston, Rowlands and Ingledew'” found Yamax pedometers to have high
correlations with oxygen consumption (r = .81) and Caltrac accelerometer counts (r =.99).

Self-reported variables. A number of social, psychological and behavioural variables were

assessed in the current study (Table 1). Demographic variables included gender, age, country of birth

and language spoken at home. Behavioural variables included hours/day watching television,
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hours/day using the computer, hours/day playing electronic games and the use of physical activity
self-management strategies. The following factors were included: peer support, exercise self-efficacy,
outcome expectancy and perceived barriers. All scales were rated on a 5-point Likert scale, anchored
by 0 (strongly disagree) and 4 (strongly agree). A higher score on each scale suggested a more
positive response, except for perceived barriers, for which the opposite was true.

Statistical Analyses

The data were analysed using the SPSS software (version 12.0). Total pedometer counts
were divided by the number of days worn to provide mean steps/day. Students who had completed at
least two days of pedometer monitoring were included in the analysis (70% of students completed 4
days, 13% completed three days and 12% completed two days). As no daily step recommendations
for Australian adolescents currently exist, proportions of students meeting the U.S. guidelines'
(13,000 for boys and 11,000 for girls) were reported. Average scores for the various scales were
calculated and if fewer than 25% of the items were missing, means of completed items were imputed
(less than 2% of items had missing responses). Alpha levels were set at p <.05 for all calculations
and marginally significant results (.05 < p <.10) were noted. Because physical activity levels
typically vary by gender, the sample was divided into gender subgroups and data were analysed
separately for each subgroup. Independent samples t-tests and Mann-Whitney U tests were used to
assess hypothesized gender differences.

In the first instance, bivariate correlations were used to analyse the relationship between
potential correlates and physical activity (defined as mean steps/day). Variables with at least
marginally significant associations were entered into hierarchical regression models explaining mean
steps/day. A number of regression models were calculated and variables were entered in three steps,
with the order of entry determined by degree of individual control over factors.

Results

The average age of the students was 14.2 (+.7) years. The majority of students were born
in Australia (95%) and spoke English at home (98%). There were no significant differences between
boys and girls for any of the demographic variables. Boys recorded significantly higher mean

steps/day compared to girls (11,865 versus 9,466, p < .01). Approximately one third of boys (32%)
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and girls (33%) satisfied the U.S. daily step recommendations". Boys and girls reported similar
amounts of time spent watching television and using the computer. However, there was a statistically
significant difference between boys and girls in the amount of time spent playing electronic games,
with more hours/day of use reported by boys. Boys reported greater use of self-management strategies
(2.70 versus 2.39, p = .048), higher levels of exercise self-efficacy (3.75 versus 3.33, p=.011) and
enjoyment in physical activity (3.25 versus 2.91, p =.013) compared to girls. There were no
statistically significant differences in peer support, outcome expectancy and perceived barriers by
gender.

A number of statistically bivariate correlations were found in the current study. Among
boys, enjoyment of physical activity (r = .37, p <.05), use of self-management strategies (r =.33, p <
.05) and perceived barriers (r = -.39, p <.05) were associated with mean steps/day. Exercise self-
efficacy, outcome expectancy and television watching were marginally significant. Only two
variables were significantly associated with girls’ mean steps/day. These were peer support for
physical activity (r =.26, p <.05) and self-management strategies (r = .30, p <.05). When boys and
girls were analysed as one group, television watching (r = -.20, p <.05), enjoyment of physical
activity (r = .24, p <.05), self-management strategies (r =.35, p <.01), exercise self-efficacy (r = .26,
p <.01) and perceived barriers (r = -.20, p < .05) were associated with mean steps/day.

The results of the hierarchical regression analysis are reported in Table 2. For the final
model, gender was entered as the first step, peer support was entered in the second step and self-
management strategies and perceived barriers were entered in the third and final step. In step one,
gender explained 9% of the variance in mean steps/day [F (1, 101) = 11.04, p=.001]. In step two,
peer support explained an additional 3% of the variance [F (1, 100) =2.8, p =.097]. In the final step,
an additional 4% of variance was explained by the inclusion of self-management strategies and
barriers to physical activity [F (2, 97) =4.30, p =.016]. In the final regression model gender (B = -
266, p = .005) and self-management strategies (3 = .239, p = .031) were statistically significant
predictors of mean steps/day.

Discussion
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Among youth, physical activity patterns are influenced by a complex interplay of variables
from multiple domains.'* The examination of these determinants is necessary in order to understand
physical activity behaviour and design appropriate interventions. The primary aim of this study was to
assess the relationship between potential correlates and objectively determined physical activity in a
sample of Australian adolescents. Although a number of correlates were identified in the current
study, only 16% of the variance in physical activity was explained. This finding corresponds with
previous studies that have assessed physical activity using objective measures, which have generally
explained small amounts of variance. ' '® It has been suggested that shared method variance between
self-reported physical activity and correlates may explain inflated associations in studies using self-
report.'” As such, the results of the current study will be compared where possible to studies that have
used objective measures of adolescents’ physical activity (i.e. accelerometers and pedometers).

None of the demographic variables assessed in the current study were associated with
physical activity in the bivariate analyses and subsequently were not included in the hierarchical
regression models. There were a number of statistically significant associations between the
behavioural variables and physical activity. In the bivariate analyses, hours spent watching
television/day was inversely related to physical activity. While it has been suggested that time spent
in sedentary pursuits (such as watching TV and playing computer games) replaces time spent in
physical activity, previous studies examining this relationship have proven inconclusive.'® Time spent
watching television was not related to physical activity in any of the regression analyses and was not
included in the final regression model.

In the current study, the use of self-management strategies was positively associated with
physical activity among both boys and girls in the bivariate correlations and was a significant
predictor in the final regression model. Physical activity self-management strategies include
behaviours such as goal setting, physical activity monitoring and positive self-talk. Although there is
limited research examining the relationship between the use of self-management strategies and
physical activity among youth, interventions have demonstrated that the use of self-management
strategies help to improve exercise adherence among adolescents.'” The discovery of self-

management strategies as a correlate of activity among both males and females is an important
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finding. Physical education and school sport programs offer ideal opportunities to teach physical
activity self-management strategies and adolescents interested in health and fitness activities may
especially benefit from programs that teach these skills. Recent interventions using pedometers have
found short-term increases in physical activity using self-management strategies among adolescents.*

Peer support for physical activity was the only social variable assessed in the current study.
In the bivariate analysis, peer support was related to physical activity among girls but not among
boys. After controlling for gender in the multivariate analysis, peer support was a marginally
significant predictor of physical activity. While social support has been considered an important
influence on physical activity among youth,”' the review by Sallis and colleagues’ concluded that the
relationship between physical activity and peer support was indeterminate.

A number of psychological variables were associated with physical activity in the bivariate
analyses, but none were significant predictors in the final regression model. Outcome expectancy was
not related to physical activity in the study sample in any of the analyses. This finding corresponds
with the review by Sallis and colleagues,” who concluded that the relationship between knowledge
and attitudes about physical activity and the behaviour was uncertain. Among boys, enjoyment of
physical activity and perceived barriers (inverse) were related to physical activity levels in the
bivariate analysis. Similar to the findings in this study, physical activity (accelerometer) was
associated with self-efficacy scores among a sample of U.S. adolescents.** In another study
examining the activity patterns of U.S. adolescents, overcoming barriers was related to accelerometer
counts."”

An additional aim of this study was to identify pedometer determined levels of physical
activity in a sample of Australian adolescents. In the current study, boys recorded 11,865 (% 3,997)
steps/day and girls recorded 9,466 (% 3,195) steps/day. Evidently, only 32% of boys (> 13,000
steps/day) and 33% of girls (> 11,000 steps) met the U.S. daily step recommendations." The step
counts recorded in the current study were lower than those reported in a recent study of Australian
adolescents (CAPANS), which found boys to average 14,240 steps/day and girls to average 10,901
steps/day.”® The higher step counts observed in the CAPANS study may be attributable, in part, to

differences in the study population and the use of unsealed pedometer protocol.
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There are a number of limitations in the current study. First, schools were not randomly
selected and participants were adolescents who had chosen a health and fitness school sport option,
which may limit the generalizability of the results. Second, the study sample was relatively small and
the statistical analyses were underpowered. Third, physical activity was measured during school days
and did not include weekend step monitoring. The activity patterns of adolescents differ from
weekday to weekends and while some studies have found students to be more active during the week,
others have found the contrary to be true. Finally, the study involved a cross-sectional design and
therefore causal relationships cannot be established.

Conclusions

It has been suggested that a lack of understanding regarding the mediators of behaviour
change has contributed to the ineffectiveness of previous physical activity interventions among
youth.”* While most interventions are developed with reference to a theory of behaviour change, few
test the construct validity of their interventions using mediation analysis.” Furthermore, the few
studies that have tested mediation in physical activity interventions have used self-report measures of
activity. Consequently, future studies should involve longitudinal designs which assess physical
activity using objective measures and attempt to identify the various components of interventions

responsible for mediating behaviour change.

Practical Implications

e The majority of adolescents in the current study failed to meet the U.S. pedometer step
guidelines.

e More active adolescents reported greater use of self-management strategies such as goal setting
and physical activity monitoring.

e Programs to promote physical activity among adolescents may benefit from the inclusion of self-

management strategies.



Correlates of adolescent pedometer step counts 10

1 Acknowledgements
2 The authors are grateful to the staff, students and schools who made this study possible.
3 Please address all correspondence regarding this article to David Lubans, University of Newcastle,

4 Faculty of Education and Arts, NSW, Australia, 2308.



Correlates of adolescent pedometer step counts 11

1 References

2

3

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1. Bauman AE, Bellew B, Vita P, Brown W, Owen N. Getting Australia Active:
Towards Better Practice for the Promotion of Physical Activity [Summary].
Melbourne, Australia: National Public Health Partnership, 2002.

2. Stephenson J, Bauman AE, Armstrong T, Smith B, Bellew B. The Costs of Illness
Attributable to Physical Inactivity in Australia. Canberra: The Commonwealth
Department of Health & Aged Care & the Australian Sports Commission,
2000.

3. Pushka P, Benaziza H, Porter D. Physical Activity and Health. Geneva,
Switzerland: World Health Organisation, 2003.

4. NSW Centre for Obesity & Overweight. NSW Schools Physical Activity and
Nutrition Survey (SPANS) 2004: Short Report. Sydney: NSW Department of
Health, 2006.

5. Malina RM. Tracking of physical activity and physical fitness across the lifespan.
Research Quarterly for Exercise & Sport 1996;67:S48-S57.

6. Sallis JF. Age-related decline in physical activity: A synthesis of human and animal
studies. Medicine & Science in Sports & Exercise 2000;32:1598-1600.

7. Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity of
children and adolescents. Medicine & Science in Sports & Exercise
2000;32:963-75.

8. Kohl H, Fulton J, Caspersen C. Assessment of physical activity among children and
adolescents: A review and synthesis. Preventive Medicine 2000;31:S54-S76.

9. Warnecke RB, Johnson TP, Chavez N, Sudman S, O' Rourke DP, Lacey L, et al.
Improving question wording in surveys of culturally diverse populations.

Annals of Epidemiology 1997;7:334-342.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

10.

11.

12.

13.

14.

15.

16.

17.

Correlates of adolescent pedometer step counts 12

Le Masurier GC, Beighle A, Corbin CB, Darst PW, Morgan C, Pangrazi RP, et al.
Pedometer-determined physical activity levels of youth. Journal of Physical
Activity & Health 2005;2:159-168.

Schneider PL, Crouter SE, Lukajic O, Bassett DJ. Accuracy and reliability of 10
pedometers for measuring steps over a 400-m walk. Medicine & Science in
Sports & Exercise 2003;35:1779-1784.

Eston RG, Rowlands AV, Ingledew DK. Validity of heart rate, pedometry, and
accelerometry for predicting the energy cost of children's activities. Journal of
Applied Physiology 1998;84:362-371.

President's Council on Physical Fitness & Sports. The Presidential Active
Lifestyle Award (PALA). Washington, 2002.

Sallis JF, Prochaska JJ, Taylor WC, Hill JO, Geraci JC. Correlates of physical
activity in a national sample of girls and boys in grades 4 through 12. Health
Psychology 1999;18:410-415.

Morgan CF, McKenzie TL, Sallis JF, Broyles SL, Zive MM, Nader PR. Personal,
social, and environmental correlates of physical activity in a bi-ethnic sample
of adolescents. Pediatric Exercise Science 2003;15:288-301.

Sallis JF, Taylor WC, Dowda M, Freedson PS, Pate RR. Correlates of vigorous
physical activity for children in grades 1 through 12: Comparing parent-
reported and objectively measured physical activity. Pediatric Exercise
Science 2002;14:30-44.

Dishman RK, Darracott CR, Lambert LT. Failure to generalize determinants of
self-reported physical activity to a motion sensor. Medicine & Science in

Exercise & Sport 1992;24:904-910.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Correlates of adolescent pedometer step counts 13

18. Biddle SJH, Gorely T, Marshall SJ, Murdey I, Cameron N. Physical activity and
sedentary behaviours in youth: Issues and controversies. Journal of Research
in Social Health 2004;124:29-33.

19. Dishman RK, Motl RW, Sallis JF, Dunn AL, Birnbaum AS, Welk GJ, et al. Self-
management strategies mediate self-efficacy and physical activity. American
Journal of Preventive Medicine 2005;29:10-8.

20. Schofield L, Mummery WK, Schofield G. Effects of a controlled pedometer-
intervention trial for low-active adolescent girls. Medicine & Science in Sports
& Exercise 2005;37:1414-20.

21. Sallis JF, Simons-Morton BG, Stone EJ, Corbin CB, Epstein LH, Faucette N, et
al. Determinants of physical activity and interventions in youth. Medicine &
Science in Sports & Exercise 1992;24:5248-S257.

22. Strauss RS, Rodzilsky D, Burack G, Colin M. Psychosocial correlates of physical
activity in healthy children. Archives of Pediatrics & Adolescent Medicine
2001;155:897-902.

23. Hands B, Parker H, Glasson C, Brinkman S, Read H. Physical activity and
nutrition levels in Western Australian children and adolescents: Report. Perth,
Western Australia: Western Australian Government, 2004.

24. Baranowski T, Jago R. Understanding the mechanisms of change in children's
physical activity programs. Exercise & Sport Sciences Reviews 2005;33:163-
168.

25. Lewis BA, Marcus BH, Pate RR, Dunn AL. Psychosocial mediators of physical
activity behavior among adults and children. American Journal of Preventive

Medicine 2002;23:26-35.



10

11

12

Correlates of adolescent pedometer step counts 14

26. Prochaska JJ, Rodgers MW, Sallis JF. Association of parent and peer support with
adolescent physical activity. Research Quarterly for Exercise & Sport
2002;73:206-210.

27. Taylor WC, Sallis JF, Dowda M, Freedson PS, Eason K, Pate RR. Activity
patterns and correlates among youth: Differences by weight status. Pediatric
Exercise Science 2002;14:418-431.

28. Motl RW, Dishman RK, Saunders RP, Dowda M, Felton G, Pate RR. Measuring
enjoyment of physical activity in adolescent girls. American Journal of

Preventive Medicine 2001;21:110-117.



2

Correlates of adolescent pedometer step counts 15
1 Table 1: Items and scales used to measure potential correlates
Description Range Source Psychometric
(No. of items) properties

NN bW

Demographic
Age, country of
birth, language
spoken at home
Social

Peer support

Psychological
Outcome

expectancy

Enjoyment of

physical activity

Exercise self-

efficacy

Perceived barriers

to physical activity

Behavioural
Television
watching
Non-school
computer use

Electronic games

Self-management

strategies

Three questions assessing age of student,

country of birth and language spoken at home.

Questions regarding social support for
physical activity participation offered by
friends. E.g. “Do your friends encourage you

to do physical activities or play sport”

Statements regarding the benefits of physical
activity. Starting with the common stem “If I
participate in regular physical activity”.
Example item - “It would help me to control
my weight”

Students are asked to respond to a number of
statements about the effects of physical
activity starting with the common stem;
“When I am active...”

Example item- “it gives me energy”

Students are asked to indicate their confidence
to complete physical activity in certain
adverse circumstances. E.g. “Get up early,
even on weekends to exercise”

Statements describing commonly cited
barriers to physical activity. E.g. “I don’t have

a place to do physical activity”

Number of hours watching television per day.

Number of hours spent using a computer per

day.

Number of hours spent playing hand held
electronic games

Statements regarding behavioural & cognitive
strategies to increase physical activity. E.g. “1

set goals to do physical activities”

N/A

Q)

©)

0-4
(16)

)

0-4
(10)

0-4

Commonly used

items

Existing scale

Existing scale *’

Existing scale **

Existing scale *’

Existing scale

Commonly used

item
Commonly used
item
Commonly used
item

Existing scale

Not available

r=.86
a=.59
r=.63

o=.89

Reliability scores

not available

o=.91
r=.89
o=.84
r=.90
o=.83

Not available

Not available

Not available

Reliability scores

not available

o=.88

r = Test-retest reliability

o, = Cronbach’s alpha

Note. Test-retest reliability from cited sources, Cronbach’s alpha derived from study sample.
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1 Table 2: Hierarchical regression analysis results explaining mean steps/day
2
3
4
5
Blocks of variables Variables Significance level (p) Standardized
coefficients (P)
Step 1 Adjusted R? = .089%
Gender .001** =313
Step 2 Adjusted R?=.033
Peer support .097 156
Step 3 Adjusted R? =.038
Self-management strategies .031 .239
Perceived barriers 219 -.118

Total Adjusted R =.160*

6
7 Note. Adjusted R? indicates the proportion of variance attributable to the blocks of variables.
8  Significance, p <.05; ** significance, p < .01

9  Gender code: Male = 0, Female = 1
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