Abstract
Purpose: The objective of this investigation was to examine the mechanisms of physical
activity and dietary behavior change in the Program X intervention.
Methods: Program X involved a clustered randomized controlled design with six schools (N
= 124 participants, mean age = 14.1 ± 0.8) randomized to intervention or control conditions
for the six-month study period. Physical activity and fruit and vegetable consumption were
assessed using pedometers and questionnaires, respectively. The theoretical framework of the
intervention was assessed using structural equation modeling, mediation and moderation
analyses.
Results: The model explained 56% of the variance in physical activity at 6-months, but did
not represent a good fit to the data, χ² = 87.43, df = 19, p < 0.001. The model explaining fruit
and vegetable consumption explained 31% of the variance and provided a good fit to the data,
χ² = 12.40, df = 10, p = 0.259. None of the variables satisfied the criteria for mediation or
moderation in the physical activity model, but gender moderated the effects of intervention on
fruit and vegetable consumption.
Conclusions: None of the hypothesized mediators were responsible for behavior change in
The Program X intervention. Future studies should address the limitations of existing psychosocial scales and continue to explore the mechanisms of behavior change using model testing,
mediation and moderation analyses.
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Introduction
It is estimated that 155 million children worldwide are overweight or obese [1]. In Australia this
translates to approximately a quarter of youth being overweight or obese [2] and similar rates have
been observed in the United States [3]. The long-term consequences of childhood obesity are
substantial and include an increased risk for adult metabolic syndrome [4], coronary heart disease
and stroke [5]. The short-term consequences of obesity are more psychosocial, as obese children
become victims of early and systematic discrimination [6].
Schools have been identified as important institutions for the delivery of physical activity and
dietary interventions [7], yet their impact on physical activity and dietary behaviors to date has been
modest [8, 9]. It has been suggested that the lack of effectiveness of school-based interventions has
been compounded by a poor understanding of the mechanisms responsible for behavior change [10].
Despite recommendations that more research be focused on understanding predictors of
physical activity and dietary behavior change in interventions [11-13], few studies have explored the
mediators and moderators of behavior change in youth [14]. Two recent reviews found only seven
studies that had examined mediators of physical activity [14] and nutrition [15] behaviors in youth
interventions. In the context of a physical activity intervention, a mediator (e.g. self-efficacy) can be
considered as an intervening causal variable necessary to complete the pathway from an intervention
to behavior change [11]. Moderators are variables that modify the form or strength of the
intervention of the targeted behavioral outcome [16]. The examination of mediators and moderators
is necessary for the systematic progression of physical activity and dietary intake research [11]
because they can be used to identify the mechanisms of behavior change and allow researchers to
develop more parsimonious theoretical models by eliminating unrelated mediators from future
interventions [17].
The primary objective of this investigation was to explore the mechanisms of physical
activity behavior and dietary behavior change in the Program X intervention for adolescents. The
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Program X [18] intervention resulted in significant increases in physical activity among boys and
girls in the intervention group and positive changes in some dietary outcomes.
Methods
Participants and procedure
The protocol for this study was approved by the University of Newcastle, New South
Wales (NSW), Australia and the NSW Department of Education and Training ethics
committees. Based on a power calculation, a sample of 120 students (60 in each treatment
arm) was necessary to detect an increase in 0.5 standard deviations (1500 steps/day), with
80% power and assuming 5% significance [19]. Eight secondary schools located within 20
minutes drive from the University of Newcastle were invited to participate in the study. Two
schools (one government school and one independent school) declined to participate and six
schools were randomized. The names of the six schools were placed in an envelope and
schools were drawn from the envelope by a member of the research team and alternatively
assigned to control or treatment conditions. The intervention was delivered over two tenweek terms. The intervention was offered as an extra-curricular school sport program aimed
at, but not restricted to low-active adolescents. The study aimed to recruit 25 students from
each of the six schools. A total of 124 students consented to participate in the study,
providing a response rate of 83%. Baseline data were collected in May/June 2007 and
follow-up data were collected in November/December 2007.
Treatment conditions
A detailed explanation of the Program X intervention has been reported elsewhere
[18]. In short, the intervention was based on the ‘Learning to Enjoy Activity with Friends’
(LEAF) program [20] and was developed in reference to Bandura’s Social Cognitive Theory
(SCT) [21]. The Program X intervention was delivered as an extra-curricular school sport
program and involved five major components: i) Enhanced school sport program focusing on
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lifetime physical activities, ii) Information sessions and summary interactive lecture, iii)
Pedometers for physical activity monitoring, iv) Physical activity and nutrition handbooks
with monthly information newsletters for parents, and v) Social support for healthy behaviors
via emails. The enhanced school sport component was delivered once a week for ten weeks
and focused on lifetime activities (e.g. aerobics, weight training, circuit training). The
intervention was designed to target the following mediators of physical activity and dietary
behavior change: physical activity self-efficacy, physical activity social support, physical
activity self-management strategies, fruit and vegetable availability and fruit and vegetable
self-efficacy (Table 1). There is empirical support for self-efficacy as a mediator of physical
activity and dietary behavior change in youth [14, 15] and self-efficacy was hypothesized to
be the primary mechanism responsible for behavior change in the Program X intervention.
Students were provided with opportunities to develop confidence, skills and mastery in a
range of exercise-based activities and encouraged to exercise with friends and provide
modelling and social persuasion. Students used heart rate monitors and Borg’s Rating of
Perceived Exertion to improve their understanding of exercise intensity because a greater
awareness of the physiological symptoms of effort and discomfort may contribute in a
positive fashion to exercise adherence [22]. Physical activity and nutrition self-monitoring
was included to provide a sense of accomplishment which has been shown to be an important
source of efficacy beliefs [23].
Interventions targeting the physical activity and nutrition behaviors of youth are more
effective when they include strategies to engage parents [9, 24]. Social support was identified
as a key environmental component and the intervention included strategies to elicit social
support for physical activity and healthy eating from family members through newsletters and
email-based messages. In addition, students were provided with physical activity and nutrition
handbooks which included home challenges that required parents to sign-off, to indicate that
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students had completed the designated activities.
There is strong evidence supporting the influence of behavioral processes on physical
activity among adults [25] and while few studies have explored the importance of behavioral
strategies with adolescents [14], there is some evidence to suggest that they should be targeted
in adolescent interventions [26]. Participants in the Program X intervention were provided
with physical activity and nutrition diaries and pedometers to monitor their behaviors.
Although the Program X intervention included information describing the benefits of physical
activity and healthy eating, there is little evidence to suggest that outcome expectancies and
expectations mediate behavior among adolescents. Therefore, to reduce respondent burden,
these were not assessed in the current intervention.
Students assigned to the control group schools participated in the same 10-week
enhanced school sport component, but did not receive the additional strategies to support
behavior change.
Measures
i) Physical activity: Yamax SW700 pedometers were used in the current study to
measure physical activity because they are the most accurate and reliable pedometers
commercially available [27].
ii) Fruit and vegetable consumption. Fruit and vegetable consumption was assessed using
items from the NSW Schools Physical Activity and Nutrition Survey (SPANS) [28]. Two items were
used to assess the students’ consumption of fruit and vegetables and students were provided with the
following examples ‘1 serve of vegetables = ½ cup of cooked vegetables or 1 cup of salad
vegetables’ and ‘1 serve of fruit = 1 medium piece of fruit (e.g. apple) or 2 small pieces of fruit (e.g.
kiwi fruit) or 1 cup of dried fruit’. The items were added together to provide a composite measure of
fruit and vegetable consumption.
iii) Hypothesized mediators. A number of potential physical activity and dietary mediators
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derived from Bandura’s SCT [21] were assessed using a questionnaire. The physical activity
mediators were physical activity self-efficacy, family social support, and self-management strategies.
The dietary mediators were fruit and vegetable self-efficacy and availability. The scales used in the
study were existing validated scales and are summarized in Table 1.
iv) Hypothesized moderators- Two dichotomous variables were tested as potential moderators
of the Program X intervention: gender and level of cardio-respiratory fitness (CRF) at baseline (low
or high). Gender was examined as a moderator of physical activity and dietary behavior change
because interventions targeting these behaviors often result in differences for boys and girls [9, 29,
30]. Furthermore, we previously reported a significant increase in fruit intake among girls but not
boys in the intervention group [18]. CRF was explored as a possible moderator of physical activity
because CRF was associated with physical activity at baseline [31] and previous studies have shown
that physical activity interventions involving pedometers for self-monitoring appear to be more
effective with low-active individuals [18, 29, 30]. We hypothesized that intervention would be more
effective among individuals with low-levels of CRF. The 3-minute Queen’s College Step Test was
used to provide an estimate of CRF at baseline [32] and the following equations were used to predict
maximum oxygen uptake capacity: Girls: VO2 max (ml/kg/min) = 65.81 - 0.1847 x heart rate
(beats/min) and boys: VO2 max (ml/kg/min) = 111.33 - 0.42 x heart rate (beats/min). The data file
was split by gender and subjects in the bottom 50% were classified as low-fit, and participants in the
top 50% were classified as high fit.
Analysis
Means, standard deviations and regression models were calculated using SPSS®
version 17.0 (SPSS Inc., Chicago IL) and structural equation models (SEM) were tested using
AMOS 17.0 (SmallWaters Corp., Chicago IL). Two participants did not complete the
questionnaire and were not included in the analyses. Of those who attempted the
questionnaire, all participants completed most of the scales. Means of completed items for
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each individual were imputed for missing items in scales (less than 2% of items missing for
the whole sample).Baseline value carried forward was used for data missing at posttest (16
cases imputed) and alpha levels were set at p < 0.05. Three types of analyses were conducted:
(i) structural equation modeling [33], (ii) mediation analyses using a product-of-coefficients
test [34] and (iii) moderation analyses using change in confirmatory fit index (CFI) [35].
Model testing. The construct validity of the Program X intervention was tested using
maximum likelihood (ML) analysis with single indicator latent variables to account for
measurement error [33] and minimize model parameters. Separate models were tested for
physical activity behavior and fruit and vegetable consumption. In SEM, the model is
correctly specified and provides a ‘good fit’ to the data when it reproduces the sample
covariance well [36] and the hypothesized pathways are supported by the relationships
between variables in the study sample. Model fit was assessed using multiple indices,
including chi-square index, goodness-of-fit index (GFI), adjusted goodness-of-fit (AGFI), and
root mean square of approximation (RMSEA). The chi-square tests the null hypothesis that
the model is a good fit of the data. The GFI provides an estimate of the proportion of variance
in the variance-covariance matrix accounted for by the proposed model. GFI scores range
from 0 to 1, a score exceeding 0.9 indicates a good fit [33, 37]. The AGFI provides a GFI
score adjusted for the number of parameters in the model. The RMSEA estimates closenessof-fit compared to the saturated model. RMSEA of 0.08, 0.05 and 0 indicates adequate, close
and exact fits, respectively [38].
Mediation analyses. A product-of-coefficients test was used to assess single mediator
models using ordinary least squares regression in SPSS. This technique was used because it
has good statistical power in small samples [34]. Measures of change (i.e. dependent variables
and hypothesized mediators) from baseline to 6-month posttest were computed by regressing
the posttest values onto their baseline values to create residualized weight change indices [39,
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40]. Using residualized change scores addresses the issue of regression to the mean [41] and
accounts for the possibility that individuals classified as low-active have greater potential to
increase than active individuals. Asymmetric confidence intervals were used to test the
significance of the product-of-coefficients tests as they are more accurate than normal
confidence limits [42]. To determine whether each variable mediated changes in behavior, the
following regression models were calculated. First, the ‘total effect’ of the intervention on the
dependent variable (i.e. physical activity or fruit and vegetable consumption), controlling for
baseline was examined (τ). Second, the relationship between treatment allocation and
hypothesized mediators was assessed (α). Third, treatment and hypothesized mediators were
entered into a regression model predicting the dependent variable (i.e. physical activity or
fruit and vegetable consumption) (β). The mediated effect was then calculated by multiplying
α and β. In the final step, asymmetric confidence intervals were used to test the significance
of the product of coefficients (αβ) using Mackinnon et al.’s PRODCLIN program [43]. If zero
is outside the confidence interval, then the mediated effect is statistically significant [16].
Moderation analyses. To test for moderation, multi-group analyses were conducted
across groups. The unconstrained model was first run allowing for the relationships between
variables to vary as a function of hypothesized moderators (i.e. gender and fitness level). In
the constrained model, the pathways from the intervention to the mediators and the dependent
variable (i.e. physical activity or fruit and vegetable consumption) and the pathways from the
mediators to the dependent variable were held constant. Cheung and Rensvold [35] proposed
critical values for ∆CFIs to indicate measurement invariance. A value of ∆CFI ≤ -.01
indicates that the null hypothesis of invariance should not be rejected. This method has been
shown to be independent of model parameters and sample size [35].
Results
The mean age of participants was 14.1 (± 0.8) years and the majority of participants was
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born in Australia (94.4%) and spoke English at home (89.5%). The study sample (N =124)
included 58 participants (boys = 30, girls = 28) in the intervention group and 66 (boys = 23,
girls = 43) in the control group. Two participants did not complete the mediation
questionnaire and are not included in the analyses. One hundred and six participants (87%)
were assessed at follow-up and baseline values were imputed for 16 participants. The results
of the intervention have been described in detail elsewhere [18]. In summary, boys and girls
in the intervention group both increased their physical activity by approximately 1000
steps/day (τ = 0.40, p < 0.001, 95% CI = 2196 to 4031). Girls in the intervention group
increased their consumption of fruit and vegetables by half a serve/day (p < 0.05). Baseline
and posttest scores for behaviors and hypothesized mediators are reported in Table 2. There
were no significant changes in physical activity or dietary behaviors in the control group.
Model testing. The physical activity behavior model (Figure 1) explained 56% of the
variance, but did not represent a good fit to the data, χ² = 87.43, df = 19, p < 0.001, GFI =
0.85, AGFI = 0.65, RMSEA = 0.17, [90% CI = 0.154 to 0.21] and NFI = 0.83. Selfmanagement (r = 0.29, p = 0.05) was associated with physical activity at baseline but not at
posttest. Baseline physical activity (r = 0.58, p < 0.001) and treatment condition (r = 0.43, p <
0.001) were both significant predictors of posttest physical activity.
The model for fruit and vegetable consumption (Figure 2) explained 31% of the
variance and provided a good fit to the data, χ² = 12.40, df = 10, p = 0.259, GFI = 0.97, AGFI
= 0.92, RMSEA = 0.05, [90% CI= 0.00 to 0.11] and NFI = 0.93. In this model, fruit and
vegetable self-efficacy (r = 0.25, p = 0.03) was associated with fruit and vegetable
consumption at baseline, but not at posttest. Fruit and vegetable availability at posttest (r =
0.31, p < 0.001) and fruit and vegetable consumption at baseline (r = 0.41, p < 0.001) were
associated with consumption at posttest.
Hypothesized mediators. The effect of the intervention on hypothesized mediators (α)

9

and the relationship between mediators and dependent variables (β) are reported in Table 3.
The intervention did not have a statistically significant effect on any of the hypothesized
physical activity mediators and none of the potential mediators were associated with changes
in physical activity. Consequently, none of the hypothesized physical activity mediators
satisfied the criteria for mediation (Table 3). The intervention did not have a statistically
significant effect on any of the hypothesized nutrition mediators, but changes in fruit in
vegetable availability were associated with changes in fruit and vegetable intake [β = 0.56
(SE = 0.27), 95% CI = 0.001 to 1.051]. Neither of the hypothesized nutrition mediators
satisfied the criteria for mediation in the study sample.
Hypothesized moderators. There was no difference in CFI between the unconstrained
(CFI = 0.85) and constrained models (CFI = 0.85) exploring the moderating effects of gender
on physical activity. Similarly, there was no difference between the unconstrained (CFI =
0.83) and constrained models (CFI = 0.83) exploring the moderating effects of fitness level.
In the model exploring the moderating effects of gender on fruit and vegetable consumption,
CFI = 0.94 in the unconstrained model and 0.90 in the constrained model. The ∆CFI (0.04)
exceeded the critical value of -.01, suggesting that gender moderated the effects of the
intervention on hypothesized mediators and fruit and vegetable intake.
Discussion
The objective of this paper was to explore the mechanisms of behavior change in the Program X
school-based intervention for adolescents. The physical activity model did not provide a good fit to
the data and the intervention did not impact upon hypothesized mediators. Conversely, the fruit and
vegetable model provided an excellent fit to the data but fruit and vegetable self-efficacy and
availability did not satisfy the criteria for mediation. Gender moderated the effect of the intervention
on fruit and vegetable intake, as girls in the intervention group increased their fruit and vegetable
consumption over study period, while boys’ fruit and vegetable intake remained stable.
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Previous studies exploring the mechanisms of behavior change in physical activity
interventions have produced conflicting results [14]. Interventions have had little effect on
interpersonal [40] and behavioral mediators [44]. However, there is some evidence to suggest
that self-efficacy should be targeted in physical activity interventions among youth [14]. In
the current study, none of the hypothesized physical activity mediators satisfied the criteria
for mediation. We offer a number of possible explanations to explain the lack of effects on the
hypothesized mediators. Construct measurement error has been identified as an issue
contributing to the failure of physical activity interventions to detect changes in the
determinants of physical activity [14, 45]. While the scales used in the current study
demonstrated acceptable consistency over time, many of the items included in the scales did
not adequately reflect the intervention components designed to change behavior. Furthermore,
the scales used were developed for Northern American adults and adolescents. Consequently,
there is a need to ensure that interventions operationalize all scale items and that culturally
appropriate scales for specific populations are used. Finally, the measurement sensitivity of
our scales may also explain the failure of our study to establish mediation effects.
Another possible explanation for the small changes identified in physical activity
mediators relates to response shift theory [46]. According to this theory, changes in a
measured variable (e.g. physical activity) are accompanied by changes in an individual’s selfevaluation and/or internal standard (e.g. self-efficacy) [47]. In the current study, it is possible
that participants in the intervention group were confident in their ability to overcome
perceived barriers at baseline. However, after completing the program they may have
recognized the potential difficulties to maintain their step targets in the future and/or they
encountered new barriers relating to being more active. Similarly, ceiling effects might also
explain our failure to identify significant changes in the mediators of physical activity
behavior. Participants in both intervention and control groups reported relatively high scores
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(Mean = 3.5 out of 5) on all physical activity mediator scales at baseline.
Gender and fitness level did not moderate the effects of the Program X intervention on
physical activity. A common criticism of interventions is that they have shown little
consistency in helping those who need it the most [48]. In the current study, both boys and
girls in the intervention group increased their physical activity over the study period and the
intervention effect sizes were larger among those least active at baseline [18]. This finding
corresponds with previous pedometer-based interventions [30, 49, 50], which appear to be
more successful with the low-active individuals, including adolescent girls.
The fruit and vegetable model provided an excellent fit to the data but fruit and
vegetable self-efficacy and availability did not satisfy the criteria for mediation. Furthermore,
changes in availability were in the opposite direction to that hypothesized. Heightened
awareness among intervention participants might account for this finding. For example, at
baseline, both intervention and control group participants might have paid little attention to
the availability of fruit and vegetables in their house. However, following the intervention, it
is plausible to suggest that students in the intervention group increased their awareness of the
availability or lack of fruit and vegetables in their households. Nevertheless, the study results
suggest that the intervention did not impact upon the availability of fruit and vegetables in the
participants’ households. Additional strategies are needed to engage parents in physical
activity and dietary interventions targeting their adolescents. Reynolds and colleagues [51]
found that knowledge, self-efficacy and parent consumption partially mediated fruit and
vegetable consumption in their school-based dietary intervention. However, their participants
were elementary-age children, who have less autonomy over their dietary behaviors,
compared to adolescents. Similar to the current study, Haerens et al. [39] failed to identify
psycho-social mediators of fat intake following their 1-year physical activity and nutrition
intervention for adolescents.
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Both males and females increased their vegetable intake over the study period, however,
the changes observed among females were larger and a significant moderation effect for
gender was identified. A review of moderators in environmental interventions targeting
physical activity and nutrition found that gender was the most often assessed moderator [13].
Study strengths and limitations
This is one of the first studies to examine potential mediators of behavior change using
an objective measure of physical activity and appropriate statistical analyses were employed.
There are some study limitations that should be noted. First, a submaximal test was used to
provide an estimate of cardio-respiratory fitness. However, the results the Queen’s College
Step Test compare favourably with actual VO2 max values [32] and the Queen’s College Step
Test can be completed by most participants as long as they adhere to the stepping pace.
Second, schools were the unit of randomization and we did not account for the potential
clustering of effects in the analysis. Third, we did not assess nutrition self-management and
this construct should be examined in future trials. Finally, future studies should consider
extending this research with larger sample sizes to further explore the generalizability of the
study findings.
Conclusions
Although participants in the Program X intervention increased their physical activity
and girls increased their consumption of fruit over the six-month study period, none of the
hypothesized mediators could explain behavior change. Gender moderated the intervention
effect on fruit and vegetable intake but not on physical activity behavior, suggesting that
interventions to change nutrition behavior in adolescents may require different strategies for
boys and girls. Mediation analyses have the potential to extend our understanding of behavior
change in interventions and the results should be reported even in the presence of null
findings [15]. The results from the current study emphasize the importance of using scales
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developed for specific populations that reflect the intervention components. To the authors’
knowledge no existing SCT scales reflect the importance of technology in the lives of young
people and the development of such scales is a research priority. Finally, we recommend that
researchers develop their physical activity and nutrition interventions in reference to a
theoretical model which is tested along with mediators and moderators using the methods
outlined in this study.

14

References
1.

Hossain P, Kawar B, Nahas M. Obesity and diabetes in the developing world: a
growing challenge. N Engl J Med 2007;356:213-215.

2.

Department of Health and Ageing. 2007 Australian National Children's Nutrition and
Physical Activity Survey - Main Findings. Canberra: Department of Health and
Ageing; 2008.

3.

Hedley AA, Ogden CL, Johnson CL, et al. Prevalence of overweight and obesity
among US children, adolescents, and adults, 1999-2002. JAMA 2004;291(23):28472850.

4.

Sun S, Liang R, Huang TTK, et al. Childhood obesity predicts adult metabolic
syndrome: the Fels longitudinal study. J Pediatr 2008;152:191-200.

5.

Falkstedt D, Hemmingsson T, Rasmussen F, et al. Body mass index in late
adolescence and its association with coronary heart disease and stroke in middle age
among Swedish men. Int J Obes 2007;31:777-783.

6.

Dietz WH. Health consequences of obesity in youth: Childhood predictors of adult
disease. Pediatr 1998;101(3 Supp):518-524.

7.

Centers for Disease Control & Prevention. Guidelines for school and community
programs to promote lifelong physical activity among young people. MMWR Morb
Mortal Wkly Rep 1997;45(No. RR-6):1-36.

8.

Van Sluijs EMF, McMinn AN, Griffin SJ. Effectiveness of interventions to promote
physical activity in children and adolescents: systematic review of controlled trials.
Br. J. Sports Med 2008;42:653-657.

9.

Sharma M. School-based interventions for childhood and adolescent obesity. Obes
Rev 2006;7(3):261-269.

10.

Baranowski T, Jago R. Understanding the mechanisms of change in children's

15

physical activity programs. Exerc Sport Sci Rev 2005;33(4):163-168.
11.

Bauman AE, Sallis JF, Dzewaltowski DA, et al. Toward a better understanding of the
influences on physical activity - The role of determinants, correlates, causal variables,
mediators, moderators, and confounders. Am J Prev Med 2002 2002;23(2 Supp):5-14.

12.

Baranowski T, Cerin E, Baranowski J. Steps in the design, development and formative
evaluation of obesity prevention-related behavior change trials. Int J Beh Nutr Phys
Act 2009;6(6):doi:10.1186/1479-5868-1186-1186.

13.

Kremers SP, de Bruijn GJ, Droomers M, et al. Moderators of environmental
intervention effects on diet and activity in youth. Am J Prev Med 2007;32(2):163-172.

14.

Lubans DR, Foster C, Biddle SJH. A review of mediators of behavior in interventions
to promote physical activity among children and adolescents. Prev Med 2008;47:463470.

15.

Cerin E, Barnett A, Baranowski T. Testing theories of dietary behavior change in
youth using the mediating variable model with intervention programs. J Nutr Educ
Behav 2009;41:309-318.

16.

MacKinnon DP. Introduction to Statistical Mediation Analysis. New York: Lawrence
Erlbaum Associates, 2008.

17.

MacKinnon DP, Dwyer JH. Estimating mediating effects in prevention studies. Eval
Rev 1993;17:144-158.

18.

Lubans DR, Morgan PJ, Callister R, et al. Effects of integrating pedometers, parental
materials, and email support within an extracurricular school sport intervention. J
Adolesc Health 2009;44(2):176-183.

19.

Vanderbilt Medical Centre. Vanderbilt Medical Centre Website 2006 [cited
November 2006]; Available from:
http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize.

16

20.

Lubans DR, Morgan PJ. Evaluation of an extra-curricular school sport program
promoting lifestyle and lifetime activity. J Sport Sci 2008;26(5):519-529.

21.

Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory.
Englewood Cliffs, N.J: Prentice-Hall, 1986.

22.

Biddle S, Mutrie N. Psychology of Physical Activity: Determinants, Well-being and
Interventions. London: Routledge, 2001.

23.

Bandura A. Self-efficacy: The Exercise of Control. New York: W.H. Freeman, 1997.

24.

Salmon J, Booth ML, Phongsavan P, et al. Promoting physical activity participation
among children and adolescents. Promoting physical activity participation among
children and adolescents 2007:DOI: 10.1093/epirev/mxm1010.

25.

Lewis BA, Marcus BH, Pate RR, et al. Psychosocial mediators of physical activity
behavior among adults and children. Am J Prev Med 2002 Am J Prev Med;23(2
Suppl):26-35.

26.

Dishman RK, Saunders RP, Felton G, et al. Goals and intentions mediate efficacy
beliefs and declining physical activity in high school girls. Am. J. Prev. Med
2006;31(6):475-483.

27.

Eston RG, Rowlands AV, Ingledew DK. Validity of heart rate, pedometry, and
accelerometry for predicting the energy cost of children's activities. J Appl Physiol
1998;84(1):362-371.

28.

Booth ML, Denney-Wilson E, Okely AD, et al. Methods of the NSW Schools
Physical Activity and Nutrition Survey (SPANS). Methods of the NSW Schools
Physical Activity and Nutrition Survey (SPANS) 2005;8(3):284-293.

29.

Lubans DR, Morgan PJ, Tudor-Locke C. A systematic review of studies using
pedometers to promote physical activity among youth. Prev Med 2009;48:307–315.

30.

Tudor-Locke C, Lutes L. Why do pedometers work? A reflection upon the factors

17

related to successfully increasing physical activity. Sports Med 2009;39(12):981-993.
31.

Lubans DR, Morgan PJ, Callister R, et al. The relationship between pedometer step
counts and estimated VO2max as determined by a submaximal fitness test in
adolescents Pediatr Exerc Sci 2008;20:273-284.

32.

McArdle WD, Katch FI, Pchar GS, et al. Reliability and interrelationships between
maximal oxygen uptake, physical work capacity, and step test scores in college
women. Med Sci Sports Exerc 1972;4:182-186.

33.

Bollen KA. Structural equations with latent variables. New York: John Wiley & Sons,
1989.

34.

MacKinnon DP, Lockwood CM, Hoffman JM, et al. A comparison of methods to test
mediation and other intervening variable effects. Psychol Meth 2002;7(1):83-104.

35.

Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing
measurement invariance. Evaluating goodness-of-fit indexes for testing measurement
invariance 2002;9:233-255.

36.

Schumacker RE, Lomax RG. A beginner's guide to structural equation modeling.
Mahwah, NJ: Erlbaum, 1996.

37.

Jöreskog KG, Sörbom D. PRELIS 2: User's reference guide. Chicago: Scientific
Software International, 1993.

38.

Hu L, Bentler PM. Cutoff criteria for fit indices in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling 1999;6:155.

39.

Haerens L, Cerin E, Deforche B, et al. Explaining the effects of a 1-year intervention
promoting a low fat diet in adolescent girls: a mediation analysis. Int J Beh Nutr Phys
Act 2007;4(55):doi:10.1186/1479-5868-1184-1155.

40.

Haerens L, Cerin E, Maes L, et al. Explaining the effect of a 1-year intervention

18

promoting physical activity in middle schools: A mediation analysis. Public Health
Nutr 2007:DOI:10.1017/S136898000700078X.
41.

Bland JM, Altman DG. Regression towards the mean. BMJ 1984;308:1499.

42.

MacKinnon DP, Lockwood CM, Williams HG. Confidence limits for the indirect
effect: Distribution of the product and resampling methods. Multivariate Behav Res
2004;39:99-128.

43.

MacKinnon DP, Fritz MS, Williams HG, et al. Distribution of the product confidence
limits for the indirect effect: Program PRODCLIN. Behav Res Meth 2007;39:384-389.

44.

Dishman RK, Motl RW, Saunders R, et al. Self-efficacy partially mediates the effect
of a school-based physical-activity intervention among adolescent girls. Prev Med
2004 2004;38(5):628-636.

45.

Motl RW, Dishman RK, Trost SG, et al. Factorial validity and invariance of
questionnaires measuring social-cognitive determinants of physical activity among
adolescent girls. Prev Med 2000;31(5):584-594.

46.

Sprangers MAG, Schwatrz CE. Integrating response shift theory into health-related
quality of life research: a theoretical model. Soc Sci Med 1999;48:1507-1515.

47.

Vallance JKH, Courneya KS, Plotnikoff RC, et al. Analyzing theoretical mechanisms
of physical activity behavior change in breast cancer survivors: results from the
Activity Promotion (ACTION) trial. Ann Behav Med 2008;35:150-158.

48.

Baranowski T, Anderson C, Carmack C. Mediating variable framework in physical
activity interventions: How are we doing? How might we do better? Am J Prev Med
1998 1998;15(32):266-297.

49.

Lubans DR, Morgan PJ, Tudor-Locke C. A systematic review of studies using
pedometers to promote physical activity among youth. Prev Med 2009;48:307-315.

50.

Schofield L, Mummery WK, Schofield G. Effects of a controlled pedometer-

19

intervention trial for low-active adolescent girls. Med Sci Sports Exerc
2005;37(8):1414-1420.
51.

Reynolds KD, Yaroch AL, Franklin FA, et al. Testing mediating variables in a schoolbased nutrition intervention program. Testing mediating variables in a school-based
nutrition intervention program 2002 Jan;21(1):51-60.

20

