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Abstract

Background: Few studies have examined the mediators of behavior change in successful school-based physical
activity interventions. The aim of this study was to explore potential mediators of physical activity in the Fit-4-Fun
program for primary school children.

Design: Group randomized controlled trial.

Methods: Four primary schools were recruited in April, 2011 and randomized by school into intervention or control
conditions. Participants included 213 children (mean age = 10.7 years ± 0.6; 52.2% female) with the treatment
group (n = 118) completing the 8-week multi-component Fit-4-Fun program. Participants were assessed at baseline,
3- and 6-months. Physical activity was measured using Yamax SW700 pedometers (mean steps/day) and
questionnaires were used to assess constructs from Social Cognitive Theory and Competence Motivation Theory.
Hypothesized mediators measured included social support from peers, parents and teachers; physical activity
self-efficacy (barrier and task); enjoyment; and perceived school physical environment. Mediation was assessed
using Preacher and Hayes’ multiple mediation regression SPSS macro. Action theory (A), conceptual theory (B) and
the significance of the product of coefficients (AB) are reported.

Results: The intervention had a significant effect on physical activity (p<0.001). The action theory test results
revealed significant treatment effects at 3-months for perceived school environment (A=0.28, p<0.001); and at
6-month follow-up for perceived school environment (A=0.058, p<0.001), teacher social support (A=0.54, p<0.05)
and enjoyment (A=-0.23, p<0.05). The conceptual theory test revealed a significant relationship between changes in
teacher social support and changes in physical activity at 6-month follow-up (B=828, P<0.05). Teacher social
support was shown to have a significant mediating effect on physical activity (AB = 445, CI = 77-1068 steps,
proportion= 13%), and perceived school environment approached significance (AB = 434, CI= -415 to 1507 steps,
proportion= 13%).

Conclusions: The Fit-4-Fun program successfully targeted social support for physical activity provided by classroom
teachers which contributed to improved physical activity in children. These results demonstrate that classroom
teachers play a key role in influencing physical activity behavior outcomes in children.
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Background
Physical activity is an important predictor of physical
and psychological health in young people [1,2], and
physical activity behaviors learned early in life may track
through to adolescence and adulthood [3]. Yet research
confirms that a large proportion of children do not
participate in physical activity of sufficient volume and
intensity to accrue the associated health benefits [4,5].
These trends highlight a need for implementing quality
physical activity interventions that specifically facilitate
the adoption of health-enhancing physical activity
behaviors in children.
Schools have been universally identified as important

institutions for the promotion of physical activity in
children and youth [6], and quality health and physical
education (HPE) is central to achieving physical activity
goals in the school setting [7,8]. Consequently, a growing
number of small [9–11] and large-scale [12] school-
based physical activity interventions targeting young
people have been implemented. Although these inter-
ventions have shown varied levels of success [9,12–15],
there is limited understanding of the causal mechanisms
of physical activity behavior change in school-based
interventions [16].
As such, there is growing demand for researchers to

explore and report mediators of physical activity change
in youth interventions [16,17]. Mediation analysis can be
used to expand our understanding of physical activity
behavior change in children [18], as testing mediator
variables allows researchers to determine which specific
components of an intervention were linked to changes in
physical activity behavior [19]. Building evidence around
these determinants will guide future intervention develop-
ment, implementation, evaluation and refinement.
A review of physical activity interventions that reported

physical activity outcomes and potential mediators of be-
havioral change among children [17] identified 19 studies
that reported both intervention effects on physical activity
and mediators of behavior change (e.g., knowledge, self-
efficacy, enjoyment, attitudes, behavioral capability, inten-
tions, outcome expectancies, social norms, social support
and self-concept) [17]. Although several of the reviewed
trials reported intervention effects on mediators, none of
the studies reported whether changes in these constructs
mediated changes in children’s physical activity [17]. Simi-
lar conclusions were made by Lubans, Foster and Biddle
(2008) and Demetriou and Honer (2012), in their reviews
of school-based physical activity intervention studies in
children and adolescents, with both reviews reporting a
lack of quality mediation studies - making it hard to con-
clusively identify mediators of physical activity behavior
change in children and in the school setting in particular
[14,16]. More recently, Van Stralen and associates (2011)
conducted a systematic review of mediating mechanisms
in school-based energy behavior interventions [20], and
found consistent evidence for self-efficacy as a mediator of
treatment effects on physical activity behavior across 18
reviewed studies [20].
The application of behavioral theory is imperative

when designing interventions for children as the theore-
tical constructs can help researchers determine how the
intervention worked and how future interventions can
be improved [21,22]. The Fit-4-Fun program was guided
by the socio-ecological model and utilized the three
critical components of the Health Promoting School
(HPS) framework [23]. Socio-ecological models highlight
the important role of the social and physical environ-
ment in determining behavior (and have demonstrated
their potential for sustainable behavior change in youth
interventions [24,25]), and the Health Promoting School
(HPS) Framework is an important theoretical system for
promoting health behaviors in the school-setting [23].
Social Cognitive Theory [26] and Competence Motiv-
ation Theory [27] are also two behavior theories that
have been applied to the physical activity domain and
assert that physical activity can be predicted by physical
activity self-efficacy, support (social support and envi-
ronmental support) and enjoyment [26,27]. By utilizing
existing frameworks for facilitating behavior change and
for creating supportive social and physical environments
within the school and home, the Fit-4-Fun program
aimed to address possible mediators of behavior change in
relation to physical activity in children (e.g. social support,
self-efficacy, supportive environment, enjoyment) [26,27].
The study protocols of the Fit-4-Fun program and the

intervention effects on fitness and behavioral outcomes
have been reported elsewhere [9,15]. The aim of the
current study was to explore hypothesized mediators of
physical activity behavior change in the Fit-4-Fun group
randomized controlled trial [28].

Methods
Study design and participants
The Fit-4-Fun program was evaluated using a group
RCT with 226 Stage 3 (Grade 5 and 6) students from
four primary schools (mean age 10.7 ± 0.6 years; 52.2%
female) located in the Hunter Region, NSW, Australia.
There were 10 teachers from the 4 schools (2 × treat-
ment and 2 × control schools), with 5 classes in each
study group (3 × year 6 and 3 × year 5 in each). Schools
were randomized into the Fit-4-Fun treatment (n=118)
or wait-list control conditions (n=108) following baseline
assessments. The random allocation sequence was gen-
erated by a computer-based random number-producing
algorithm and completed by a researcher not involved in
the project to ensure an equal chance of allocation to
each group. Assessments were conducted in April (base-
line), June (3-month follow up) and December (6-month



Eather et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:68 Page 3 of 15
http://www.ijbnpa.org/content/10/1/68
follow-up), 2011, and completed by trained research
assistants who were blinded to treatment conditions
at baseline assessments. The study was registered with
the Australia and New Zealand Clinical Trials registry
(ACTRN12611000976987). Ethics approval for this study
was obtained from the University of Newcastle, NSW,
Australia and the Newcastle-Maitland Catholic Schools
Office, and school Principals, teachers, parents and study
participants provided written informed consent. The
methods of the Fit-4-Fun study have been reported in
detail elsewhere [28], with the trial being adequately
powered to detect group changes in the primary out-
come cardio-respiratory fitness (CRF)(VO2max) based
on a previous study by Kolle et.al (2009). In addition, the
study was adequately powered to detect a between group
difference of 1500 steps and medium-sized mediation
effects using a product-of-coefficients test [29].

Treatment conditions
The Fit-4-Fun intervention was informed by the Fit-4-
Fun pilot study [9] and a detailed description of the
intervention has been reported previously [28]. All of
the control schools and treatment schools had the same
time allocation for physical education (60min per week)
and for recess and lunch breaks (20min recess and 40
min lunch).

a) Fit-4-Fun Intervention

Theoretical framework: The Fit-4-Fun Program was
grounded in Bandura’s Social Cognitive Theory (SCT) and
Harter’s Competence Motivation Theory (CMT) and
aimed to provide children with the knowledge and skills
necessary for short- and long-term PA behavior change
[27]. The program aimed to promote the development
and maintenance of positive physical activity behaviors
and attitudes among participants, by targeting possible
mediators of behavior change (including social support,
self-efficacy, supportive environment, enjoyment) [27,30].
Firstly, a selection of engaging physical activities,

games, challenges and learning activities were included
in the program to improve “enjoyment” of physical acti-
vity, as the level of enjoyment experienced during phys-
ical activity is considered one of the most important
reasons that children become involved and to continue
to participate in physical activity - and a lack of fun or
enjoyment is likely to lead them to withdraw [17,31].
Secondly, techniques shown to positively influence phys-
ical activity self-efficacy were embedded in the Fit-4-Fun
program, as self-efficacy beliefs have been shown to
directly and indirectly influence motivation, affect and
behavior [30], and associates with daily vigorous physical
activity levels in children and youth [32–34]. Thirdly,
previously tested strategies to improve physical activity
levels by improving the schools’ physical environment
were employed [35–37]. In addition, social support for
participation in the program activities provided by class-
room teachers, parents, and students was a targeted
strategy in the Fit-4-Fun program, as social support has
been positively associated with physical activity partici-
pation in youth [38–41]. Support for participation in
physical activity, in the form of encouragement, was pro-
vided verbally by parents, classroom teachers and peers
(e.g. teachers prompted children to join in the break-
time games as they exited the classroom). Visual aids
such as posters pinned on the classroom doors, school
newsletter articles, the student work booklets, and a
reward system were also utilized to provide support for
the program and encourage participants to engage in the
program. A full description of the intervention compo-
nents, the behavior change techniques and targeted
constructs are provided in Table 1. A unique feature of
the Fit-4-Fun Program was that it encouraged children
to participate in vigorous intensity physical activity using
games, challenges and learning experiences that were
“fun” or enjoyable and that appealed to children [28].
The Fit-4-Fun Program included three major compo-

nents based on the HPS Framework [23]:
Curriculum program: An 8-week × 60-min HPE pro-

gram based on the NSW K-6 syllabus [42] was delivered
during normal HPE lesson time [42]. The program was
designed to improve understanding and a range of skills
in relation to physical activity and fitness (including
skills in assessing and monitoring physical activity and
HRF levels). The program overview has been summa-
rized in Table 1. The Fit-4-Fun program was delivered
by a member of the research team who is an experienced
physical educator.
Family partnership: Children, their parents and family

members were provided with an 8-week home activity
program designed to improve the duration, type and
intensity of physical activity performed at home using a
range of engaging and enjoyable fitness activities, small-
sided games and fitness challenges (3 × 20 min per week
for 8 weeks). Children were given a range of physical ac-
tivities to choose from, and were encouraged to select
activities from each of the physical activity categories
(muscular fitness, flexibility and cardio-respiratory
fitness). There were also goal setting activities and reflec-
tion tasks for students to complete with their parents
throughout the program, enabling them to set personal
fitness goals, monitor their achievement and to reflect
on their progress.
School environment: Students were encouraged to par-

ticipate in physical activity during recess and lunch each
day. To encourage students to be active during this time,
schools were provided with activity task cards outlining the
rules and organization of a range of fun and vigorous games



Table 1 ‘Fit-4-Fun’ program content and alignment with theoretical constructs (Australia, 2011)

Wk Session focus Session overview Behavior change strategies SCT / CMT constructs

1 Health-related fitness
(theory)

• Program rational • Provide information about PA & PF behaviors /
link to health

• Outcome expectations

• Defining PA & PF

• HRF & SRF • Develop self-monitoring skills
(weekly PA timetable, talk test)

• PA guidelines • Social support
(home & school)

• Analyzing current PA & PF
behaviors

• Provide social support and encouragement
(to meet PA guidelines)

• Participate in age-specific “fun” physical fitness
activities (HW task)

• Self-efficacy

• Develop goal setting skills (HW task) • Intentions

• Provide equipment and task cards for use
during recess and lunch breaks

• Motivation

• Enjoyment

• School environment

2 Cardio-respiratory
fitness (CRF)
(theory & practical)

• Provide information on CRF • Provide information about CRF & the role of
the heart & lungs during PA

• Outcome expectations

• Role of heart & lungs during PA • Participate in physical fitness practical
laboratory

• Self-efficacy

• Linking heart rate (HR) to PA
intensity (lab)

• Develop skills in self-monitoring
(using heart rate)

• Social support

• Linking CRF & health • Predicting consequences of actions • Motivation

• Making recommendations relating to
PA and CF

• Enjoyment

• Participate in age-specific “fun” physical fitness
activities (HW task)

• School environment

• Provide equipment and task cards for use
during recess and lunch breaks

3 Improving cardio-
respiratory fitness
(practical)

• Revise CRF & measuring
intensity using HR

• Provide opportunity to participate in enjoyable
physical activities in a supportive environment

• Outcome expectations

• Participate in a practical PE
lesson with a gross motor warm-
up activity, dynamic stretches,
skill development activities,
modified games and cool-down

• Maximal participation is provided for and
encouraged

• Social support

• Positive feedback is provided throughout the
session

• Self efficacy

• Students are to reflect on their performance
and re-assess current PA behaviors

• Motivation

• HR is monitored throughout
the lesson

• Participate in age-specific “fun” physical fitness
activities (HW task)

• Enjoyment

• Discussion about the type of PA
and heart rate (high intensity /
vigorous)

• Provide equipment and task cards for use
during recess and lunch breaks

• School environment

• Provide information on MF

4 Muscular Fitness (MF)
(theory & practical)

• Define MF • Link current PA behavior to MF • Outcome expectations

• Muscular strength Vs Muscular
endurance

• Develop goal setting skills / set targets to
achieve

• Social support

• Activities that require MF • Self-monitoring skills (PF tests) • Self-efficacy

• Measuring MF (lab) • Participation in non-threatening practical
assessments

• Intentions

• Motivation

• Enjoyment

• Linking MF & health
Improving MF

• Participate in age-specific “fun” physical fitness
activities (HW task)

• School environment

• Provide equipment and task cards for use
during recess and lunch breaks
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Table 1 ‘Fit-4-Fun’ program content and alignment with theoretical constructs (Australia, 2011) (Continued)

5 Improving muscular
fitness (practical)

• Revise MF & measuring MF • Provide opportunity to participate in enjoyable
physical activities in a supportive environment

• Outcome expectations

• Participate in a practical PE
lesson with a gross motor warm-
up activity, dynamic stretches,
MF circuit and cool-down

• Maximal participation is provided for and
encouraged

• Social support

• Positive feedback is provided throughout the
session

• Self-efficacy

• HR is monitored throughout
the lesson

• Students are to reflect on their performance
and re-assess current PA behaviors

• Motivation

• Discussion about the type of PA
and MF (e.g. resistance training)

• Participate in age-specific “fun” physical fitness
activities (HW task)

• Enjoyment

• Develop goal setting skills (HW task) • School environment

• Provide equipment and task cards for use
during recess and lunch breaks

6 Flexibility (theory &
practical)

• Define flexibility • Provide information on flexibility • Outcome expectations

• Activities that require MF • Link current PA behavior to flexibility

• Benefits of being flexible • Develop goal setting skills / set targets to
achieve

• Social support

• Types of stretching • Self-monitoring skills (PF tests) • Self-efficacy

• Improving flexibility (lab) • Participation in non-threatening practical
assessments

• Intentions

• Linking MF & health • Participate in age-specific “fun” physical fitness
activities (HW task)

• Motivation

• Improving MF • Provide equipment and task cards for use
during recess and lunch breaks

• Enjoyment

• Predicting outcomes from
changed MF behaviors

• School environment

• Goal setting task

• Link flexibility to lifestyle
behaviors

7 Improving flexibility
(practical)

• Revise flexibility and measuring
flexibility

• Provide opportunity to participate in enjoyable
physical activities in a supportive environment

• Outcome expectations

• Participate in a practical PE
lesson with a gross motor warm-
up activity, dynamic stretches,
fun stretching routines and cool-
down

• Maximal participation is provided for and
encouraged

• Social support

• Positive feedback is provided throughout the
session

• Self-efficacy

• HR is monitored throughout
the lesson

• Students are to reflect on their performance
and re-assess current PA behaviors

• Motivation

• Discussion about the type of PA
and improved flexibility

• Link to lifelong behaviors • Enjoyment

• Participate in age-specific “fun” physical fitness
activities (HW task)

• School environment

• Provide equipment and task cards for use
during recess and lunch breaks

8 Improving health-
related fitness
through games
(practical)

• Revise HRF components • Provide opportunity to participate in enjoyable
physical activities in a supportive environment

• Outcome expectations

• Revise improving HRF

• Participate in a student-
centered practical PE lesson
where students adapt fun games
to incorporate HRF

• Maximal participation is provided for and
encouraged

• Self-efficacy

• HR is monitored throughout
the lesson

• Positive feedback is provided throughout the
session

• Social Support

• Discussion about the type of PA
and improved HRF

• Students learn skills in adapting PA to improve
HRF

• Motivation

Eather et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:68 Page 5 of 15
http://www.ijbnpa.org/content/10/1/68



Table 1 ‘Fit-4-Fun’ program content and alignment with theoretical constructs (Australia, 2011) (Continued)

• Summary of health benefits
with improved HRF

• Students are to reflect on their performance
and re-assess current PA behaviors

• Enjoyment

• Evaluation of ‘Fit-4-Fun’ • Link to lifelong behaviors • School environment

• Participate in age-specific “fun” physical fitness
activities (HW task)

• Reflection Task (HW task)

• Provide equipment and task cards for use
during recess and lunch breaks

1-8 ‘Fit-4-Fun’ Home
Activities

• Participation in an 8 week
home activity program

• Students participate in a range of fun activities
with their parents / siblings

• Outcome expectations

• 2 weekdays: MF, flexibility,
CRF activities

• Family provide social support throughout the
program

• Self-efficacy

• Students develop skills in self-monitoring and
self-motivating

• Social Support

• 1 weekday: fitness assessments • Students develop skills in goal setting & time
management

• Motivation Enjoyment

• Weekends: family activities &
CRF assessment

• Students develop skills in assessing & planning
to improve the physical environment
(assessment task)

• Weeks 1, 5, 8: Goal setting tasks

• Problem Solving Task
(assessment)

1-8 Daily break time
(recess and lunch)
activities

• Student-directed activities and
tasks for use during school break
times (e.g. small sided games,
challenges and strength activities
using playground equipment)

• Provide opportunity to participate in enjoyable
physical activities in a supportive environment

• Self-efficacy

• Social Support

• Maximal participation is provided for and
encouraged by peers

• Enjoyment

• Laminated Task Cards and
equipment supplied

• Students learn skills in self-motivation /
regulation Link to lifelong behaviors

• School environment

• Participation will be assessed
via self-report at 3-month
follow-up

Abbreviations: SCT Social Cognitive Theory, CMT Competence Motivation Theory, HRF Health-Related Fitness, HR Heart rate, CRF Cardio-respiratory fitness,
MF Muscular fitness, PA Physical activity, PF physical fitness, HW homework.
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(e.g. small-sided invasion games, skipping challenges) and a
variety of equipment ( e.g. balls, markers, skipping ropes)
for use during break-times. This initiative was student-
directed and students were asked to support their friends
throughout the program by encouraging them to join in
the activities and by working together to organize games.
b) Control (wait- list control group): The control group

participated in their usual 60 min / week HPE lesson
over the 8-week intervention period delivered by their
normal classroom teacher. The lesson content was
determined by the existing school HPE program. The
control group received the Fit-4-Fun program resources
after the 6-month assessment.

Measures
Trained research assistants conducted all assessments,
which were completed at the study schools using the
same instruments at each time point.
Physical activity: Participants wore a sealed Yamax
SW700 pedometer (Yamax Corporation, Kumamoto
City, Japan) for 7 days (including at least three consecu-
tive days and one weekend day) [43] to determine their
physical activity levels. Yamax pedometers have been
shown to be a valid and reliable objective measure of
physical activity in children [44,45]. Pedometer place-
ment was standardized by placing it on the belt or waist-
band, in the midline of the thigh. Participants were
instructed to put the pedometers on each morning and
to leave it on until they went to bed (except when
showering or performing water-based activities). To
minimize the amount of lost data (i) teachers recorded
participants’ results on a recording sheet and then reset
the pedometer at the same time each morning, (ii) on
weekends an information and recording sheet was
sent home to parents to complete each morning,
and (iii) teachers were asked to frequently remind
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students to wear their pedometer during all waking hours.
Non-wearing periods (e.g. during participation in water
sports), were recorded and adjusted for via imputation
(1000 steps for 10 minutes of moderate –vigorous activity
and 1500 steps for vigorous activity) [44].

Student questionnaire
Participants completed a questionnaire at baseline, 3-month
follow-up and 6-month follow-up, which was designed to
collect information about the attitudes, opinions, behav-
iors and characteristics of the children. The questionnaire
design and purpose is described below.

I. Demographic information: age, sex, language spoken
at home and country of birth.

II. Fitness testing experience: Information relating to
participants’ experience with fitness testing was
sought through the use of five structured closed
and semi-closed questions (e.g. Have you ever
participated in a fitness test?)

III.Theoretical constructs: Table 2 provides a
description of the hypothesized mediator scales
(i.e., self-efficacy, enjoyments, social support and
physical activity environment), the psychometric
properties of each scale, and the previously reported
reliability and validity data. The mean score for each
participant on each scale was calculated at each of
the three assessment time-points.

Statistical analysis
A range of statistical methods are commonly used in
mediation analyses (e.g. Baron and Kenny -causal steps
approach, Alwin & Hauser - Product-of-coefficients
method, and Judd and Kenny - difference in-coefficients)
[58,59]. These methods generally consist of an Action
Theory test, a Conceptual Theory test and a Significance
Test of the mediated effect (MacKinnon, 2008). In
summary, the Action theory test examines the impact of
the intervention on the hypothesized mediators (e.g.
social support, enjoyment, physical activity self-efficacy),
the conceptual theory test investigates the relationship
between changes in hypothesized mediators and changes
in the targeted behavior (e.g. physical activity), and the
significance test combines the action and conceptual
theory tests to determine the significance of the mediated
effect (see Figure 1 below) [58].
Preacher and Hayes’ Multiple Mediation Regression

[60] macro for IBM SPSS (version 19.0) was used to
perform the mediation analyses. This method was deter-
mined to be most appropriate given that four level 2
units (schools) were insufficient to provide a reliable
estimate of between-school variance using multi-level
regression [61,62]. The Preacher and Hayes macro per-
forms all of the mediation steps simultaneously, but to
highlight the output that it generates, the steps are
outlined below. Single and multiple (i.e., models in-
cluded all potential mediators) mediator models were
tested and all analyses were adjusted for baseline values.
In step 1, the total effect of the intervention on physical
activity was estimated by regressing physical activity
onto treatment condition (intervention or control; C
coefficient). Step 2 was the Action Theory test, which in-
volves regressing the potential mediators onto treatment
condition (A coefficient). Step 3 was the Conceptual
Theory test, which involved regressing physical activity
onto treatment condition (C´ coefficient) and mediators
(B coefficient). Step 4, the significance of the product-of-
coefficients (AB) was tested by computing the associated
asymmetric bias-corrected bootstrap confidence inter-
vals using the INDIRECT add-on for SPSS [60]. Finally,
asymmetric confidence intervals were to determine the
significance of the product-of-coefficients (AB) For a
variable to satisfy the criteria for mediation the 95% confi-
dence intervals (CI) for the product-of-coefficients (AB)
must not include zero. The proportion of the total effect
that was mediated was also calculated [AB/ (C´ +AB)].
The assessment of mediation immediate post-intervention
was performed to determine if there were changes in theor-
etical constructs – and whether they mediated any change in
physical activity levels. The assessment of mediation at
6month follow-up was also performed to determine whether
possible mediators where present (and whether they had
changed) even though the program had finished and the
research team no longer had contact with the school.
Results
Overview: Participants included 213 children (mean age =
10.7 years ± 0.6; 52.2% female) with the treatment group
(n=118) completing the 8-week Fit-4-Fun Program. Partic-
ipants were assessed at baseline and 6-month follow-up,
with a 91% retention rate (9% were absent on the day
of 6-month assessments). Of the 213 participants, 93.5%
were born in Australia and 98.1% spoke English at
home. At baseline, there were no significant differences
between groups for demographic variables (gender, age,
country of birth, primary language). A detailed descrip-
tion of the participants’ demographics has been reported
previously [15].
The intervention effects for health-related fitness and

physical activity have been reported previously [15]. In
summary, after 6-months, significant treatment effects
were evident in cardio-respiratory fitness (adjusted mean
difference = 1.14 levels, p<0.001), body composition
(BMI, -0.96 kg/m2, p<0.001 and BMI z-score, 0.47
z-scores, p<0.001), flexibility (sit & reach mean, 1.52cm,
p=0.0013), muscular fitness (7-stage sit-up, 0.6 stages,
p=0.003) and physical activity (3253 steps/day, p<0.001).



Table 2 Description and psychometric properties of hypothesized mediator scales (Australia, 2011)

Description of scale Range
(no. of items)

Source α

Barrier self-
efficacy

* Single factor 5-point Likert format 1-5 Adapted version of an 8-item questionnaire
previously developed for use with 5th, 8th and
9th grade girls (PASES) [46–48]. The modified
scale has been shown to be a valid measure of
barrier self-efficacy for this age group (α=.81,
ICC=.57) [49], and confirmatory factor analysis
showed good fit for use with 6th and 8th grade
girls (CFI=.98; CFI=0.99) [47]. Factor structure,
loadings, factor variance, item means and errors
were shown to be invariant across age groups
and race / ethnic groups (SE=0.4, 0.024,
p<0.001) [50,51], with good test-retest stability
(.84) [49].

1= .75

* Participants were asked to select how much
they agree with the eight statements by ticking
the relevant circle

8 items

* E.g. I can be physically active even if it is hot or
cold outside).

* Scale: 1=Disagree a lot to 5= Agree a lot

Enjoyment * 5-point Likert format The child was asked to
select how often they experience the relevant
feeling about physical activity by ticking the
relevant circle

1-5 Adapted version of the a 16-item version of the
Physical Activity Enjoyment Scale (PACES) [52]
and has been recently validated for use with
children (CFI=0.95), with good stability across
age groups (SE=0.03;0.24, p<0.001) [52–54] and
good test-retest stability (.73) [49].

1= .72

6 items

* E.g. When I am physically active…….…. It’s no
fun at all

(negatively
worded)

* Scale: 1=Never to 5= Every day

Social Support
family peers/
friends teacher

* 5-point Likert format 1-5 Adapted scale based on two scales used in the
student survey of the Amherst Health and
Activity Study [55]. Recently tested for validity
and use with children in the 6th and 8th grade
by Dishman and colleagues (family and friend
scales only) [51]. Validity measures indicate that
the factor structure, factor loadings and factor
variances / co-variances were invariant across
race/ethnic groups and across age groups and
across time (CFI=0.96; 0.98, SE (friends) =0.41;
.027 and SE (family) =0.53; 0.021, p<0.001). The
teacher social support scale was devised for the
purpose of this study and follows the structure
and wording of the family and friends social
support for physical activity scales [51].

P1= .68

* Participants were asked to select how often a
specific form of social support (encouragement
or modeling) is provided to them during a
typical week by ticking the relevant circle

3 scales F1= .65

Peers (P)

(3 items)

Family (F) T1= .77

(4 items)

Teacher (T)

(4 items)* E.g. Modeling: During a typical week at school,
how often do your FRIENDS.... do physical activity
or play sports with you?

* E.g. Encouragement: During a typical week at
school, how often does your TEACHER....
encourage you to do physical activity during
recess or lunch breaks?

* Scale: Never = 1 to Every day = 5

Perceived school
enviornment

* Single factor 4-point Likert format 1-4 Adapted version of the 2-factor, 20-item
questionnaire Q-SPACE developed by
Robertson-Wilson, Levesque and Holden [56].
Initial findings support the reliability (α=0.86
and test-retest reliability=0.78) and construct
validity of the physical environment sub-scale
for use with children and youth [56,57].

1= .80

* The participant was asked to select how much
they agree with the eight statements by ticking
the relevant circle

9 items

* E.g. There is sports equipment available for
students to use during recess and lunch breaks

* Scale: 1= Strongly Disagree to 4= Strongly
Agree (no neutral response)
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There were no group by time effects for three measures
of muscular fitness (basketball throw, push-ups and
standing jump).

3-month results

I. Action theory test: significant improvement in the
treatment group for perception of the school
physical environment (A=0.28, p<0.001) was evident
at 3-months (Table 3). There were no significant
difference in scores for physical activity self-efficacy,
enjoyment, social support from family, friends and
teachers (p>0.05).

II. Conceptual theory: there were no significant
relationships between changes in the hypothesized
mediators and changes in physical activity levels at
3-months (p>0.05).

III. Significance test of mediated effect: none of the
hypothesized mediators met the criteria for
mediation at 3-months.



A = Action Theory

B = Conceptual Theory

C = Mediator test of significance

Treatment

(e.g. intervention vs. control)

Mediator 

(e.g. social support)

Outcome 

(e.g. physical activity)

A B

C

Figure 1 Mediation analysis overview.
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6-month results

I. Action theory test: significant changes in perceived
school environment (A=0.58, p<0.001), teacher
social support (A=0.54, p<0.05) and enjoyment
(A=-0.23, p<0.05) were evident at 6-month follow-
up (Table 3). There were no significant difference in
scores for self-efficacy, and social support from
family or friends (p>0.05).

II. Conceptual theory: a significant relationship
between changes in teacher social support and
changes in physical activity levels at 6-month follow-
up (B=828, P<0.05) were recorded. There were no
significant relationships between changes in the
hypothesized mediators (p>0.05) at 6-months.

III.Significance test of mediated effect: at 6-month
follow-up teacher social support was shown to have
a significant mediating effect on physical activity
(C=445, CI=77-1068, proportion=13%). Perceived
school environment approached significance
(C=4037, CI=-415 to 1507, proportion= 13%), while
social support form peers and parents, self-efficacy
and enjoyment did not meet the conditions for
mediation (p>0.05).

Multiple mediator models

I. Action theory test: significant changes in perceived
school environment (A=0.28 p<0.001) and teacher
social support (A=0.47, p<0.05) were evident at
6-month follow-up. There were no significant
difference in scores for self-efficacy, social support
from family or friends (p>0.05) or enjoyment.

II. Conceptual theory: a significant relationship
between changes in teacher social support and
changes in physical activity levels at 6-month
follow-up (B=863, P<0.05) were recorded. There
were no significant relationships between changes
in the hypothesized mediators (p>0.05) at 6-
months.

III. Significance test of mediated effect: None of the
constructs satisfied the criteria for mediation at 6-
month follow-up in the multiple mediator models.

Discussion
The primary objective of this study was to identify if
constructs from SCT and CMT mediated changes in
physical activity in the Fit-4-Fun school-based interven-
tion. This study demonstrated that the social support
provided by classroom teachers mediated the effect of
the Fit-4-Fun intervention on physical activity. No other
constructs satisfied the criteria for mediation.
Social support is considered an important determinant

of behavior in socio-ecological models and behavioral
theories such as SCT [63] and CMT [27]. Importantly,
the Fit-4-Fun program included a range of strategies to
increase the amount of social support for physical activ-
ity provided by the classroom teachers. The findings in
this study support the pivotal role teachers have in the
promotion of physical activity in schools, on learning in
physical education and influencing physical activity
levels in children. This is consistent with previous work
which has highlighted the relationship between the
schools’ social environments and children’s physical ac-
tivity behaviors [56,64–68]. Teachers in the intervention
schools did not allocate additional time for physical
activity during the school day, but were encouraged to
provide regular support for participation in physical
activity (via verbal encouragement during physical edu-
cation lessons and daily classroom activities, and via
school wide promotion strategies such as newsletters,
assemblies, and posters displayed around the school).
Furthermore, changes in the teachers modeling of posi-
tive physical activity behavior may have influence per-
ceptions of support by participants, and hence physical
activity levels, as the teachers involved would have also
developed professionally due to their involvement in the
program. Studies have also shown that teachers are able
to enhance students’ intrinsic motivation for physical ac-
tivity and their perceived athletic competence when they
support physical activity goals and provide positive feed-
back in a stimulating and supportive classroom environ-
ment [69,70]. Furthermore, teachers have an influential
role on learning in the general classroom environment,
where the teacher’s knowledge, behaviors, and opinions
have been shown to be very powerful in the learning
equation (accounting for approximately 30% of the vari-
ance in learning) [71]. Consequently, it could be antici-
pated that this influence would also project into learning
outcomes in physical education.
In this study, a mediation affect was found at 6-month

follow-up and not at immediate post-intervention, possibly



Table 3 Action theory test, conceptual theory test and significance of the mediated effect on physical activity (step count) – Baseline to 3-months
(April - June, 2011) and baseline to 6-months (April - December, 2011) Australia

Hypothesized
mediators

Time Action theory test^ Conceptual theory test Direct effect Indirect effect 95% CI Proportion (%)

A (SE) p-value B (SE) p-value C’ (SE) p-value AB (SE) AB/(C’ + AB)

Self Efficacy 1 0.04 (0.08) 0.62 1012 (635) 0.11 4368 (621) <0.001 41 (107) −107 to 357 1%

2 0.18 (0.11) 0.10 1081 (587) 0.68 3168 (725) <0.001 190 (168) −9 to 717 6%

Enjoyment 1 −0.16 (0.11) 0.14 860 (487) 0.08 4233 (625) <0.001 −140 (138) −697 to 19 3%

2 −0.23 (0.11) 0.05 1002 (527) 0.06 3775 (688) <0.001 −226 (168) −732 to 7 6%

Social Support (Friends) 1 0.01 (0.12) 0.91 407 (446) 0.36 4034 (605) <0.001 −90 (70) −89 to 247 2%

2 0.21 (0.14) 0.14 497 (426) 0.25 3423 (703) <0.001 106 (125) −34 to 573 3%

Social Support (Family) 1 0.03 (0.11) 0.82 612 (450) 0.18 3911 (605) <0.001 16 (86) −112 to 266 <1%

2 0.06 (0.12) 0.64 516 (515) 0.32 3402 (694) <0.001 29 (102) −100 to 411 <1%

Social Support (Teacher) 1 −0.12 (0.15) 0.43 −257 (337) 0.45 3937 (617) <0.001 32 (78) −49 to 357 <1%

2 0.54 (0.17) <0.001 828 (369) 0.03 3037 (714) <0.001 445 (242) 77 to 1068 13%

School Environment 1 0.28 (0.07) <0.001 −605 (733) 0.41 4037 (680) <0.001 −172 (187) −574 to 173 4%

2 0.58 (0.09) <0.001 742 (723) 0.31 2933 (836) <0.001 434 (459) −415 to 1507 13%

Multi-mediation (all) 2 3009 (894) <0.001 390 (570) −658 to 1714 11%

1= baseline to 3-month.
2= baseline to 6-month.
Note. Control and intervention groups were coded ‘0’ and ‘1’ respectively; A = estimate of unstandardized regression coefficient of treatment condition predicting change in hypothesized mediators; B = estimate of
unstandardized regression coefficient of change in hypothesized mediators predicting change in physical activity behavior, AB = product of coefficients estimate, C’ = effect of treatment condition on physical activity
behavior controlling for mediator effect, SE = standard error, 95% CI = asymmetric bias-corrected bootstrap 95% confidence interval.
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indicating that the general classroom teacher had in-
creased their confidence and skills to promote high levels
of physical activity with their students, and consequently
took on the responsibility for providing support for phys-
ical activity once the specialist had finished delivering the
face-to-face curriculum program. During the Fit-4-fun
program, the classroom teachers were not responsible for
delivering any aspect of the Fit-4Fun program but were
able to observe lessons and assist in some minor aspects
of set up and student management. Having a highly expe-
rienced and qualified physical education teacher come into
the school to take the students for an hour each week for
PE would have given the teachers the opportunity to
observe quality physical education classes and thus pro-
vide a unique opportunity for professional development.
On the contrary, once the PE specialist had finished the
program, the classroom teacher resumed all responsibility
for the design, delivery and support for physical activity
programs within the school. It is thus plausible that the
children recognized and valued the more influential role
of their classroom teachers in the period following the
program and this support was clearly instrumental in
providing the necessary motivation and opportunities for
a sustained intervention impact.
Social support from parents did not mediate physical

activity behaviors in this study. Our results align with
previous school-based physical activity interventions,
which have found little evidence for the mediating effect
of parents’ social support for physical activity on their
children’s activity levels [68,72–74]. The literature con-
sistently refers to the important role that parents and
families have on health behaviors, especially physical
activity [40,75], and that researchers have had difficulty
in engaging parents in physical activity programs in the
past [76]. Consequently, specific measures were taken to
engage parents and family members in the Fit-4-Fun
program. Parents in the Fit-4-Fun study were given writ-
ten information about the study via notes, newsletters
and information booklets, were invited to attend a
parent-child fitness session after school, and were en-
couraged to participate in the 8-week homework activity
program with their child. Kipping (2011) showed that
homework tasks are a feasible way of involving parents
and that they can serve a range of purposes [77]. In this
intervention, homework was designed to encourage chil-
dren and their parents to participate in a range of enjoy-
able physical activities together, to learn how to monitor
and improve their fitness levels and to encourage fam-
ilies to support each other in achieving physical activity
goals. As previously reported [15], parental support for
the program was minimal and many children reported
lack of involvement by parents. Research has identified
the challenges with using homework as a method of
involving parents, with many parents lacking time,
knowledge, guidance and motivation to support children
out of school hours [78]. However, given that parents
take on the responsibility of being role models, sources
of encouragement, and facilitators of physical activity for
children [79,80], it is important to continue to investi-
gate methods of using engaging homework tasks or
other strategies to promote physical activity behaviors
among children [81].
Social support for physical activity from friends did

not exhibit mediating effects on physical activity beha-
viors in this study. Research in this area is sparse, with
many investigators evaluating the important role of
peers as a moderator of social and emotional develop-
ment [82], rather than physical activity behaviors. One
investigation by Salvy (2008) examined the associations
between children’s physical activity and peers, and found
that the presence of peers and friends is associated with
higher activity intensity [83]. A more recent study by
Lubans, Morgan and Callister explored the potential
mediation effects of peer support on physical activity
behaviors in adolescent boys and reported that peer sup-
port did not meet the criteria for mediation in their
study [84]. The PALs program implemented a ‘Student
Leader’ system, whereby students took on the role of or-
ganizing physical activities sessions for their peers and
for younger students, and of providing support and en-
couragement for participation in these physical activities
sessions [84]. A possible explanation for the PALs’ find-
ings could be linked to participants’ ‘heightened aware-
ness’, whereby students become more aware of the
support they are not receiving – affecting follow-up data.
The potential to utilize ‘Student Leaders’ to improve
physical activity levels in the younger age group was
explored in the Fit-4-Fun study, with students given the
opportunity to take on the role of ‘Student Leader’ du-
ring break times. The role entailed encouraging class-
mates to be active at recess and lunch, collecting the
equipment for use during break times, and taking the
break-time game cards out into the playground each day
(for a period of 2 weeks). In general, the children in the
Fit-4-Fun study did not embrace this system and this
aspect of the intervention was poorly implemented. Fur-
ther investigation into designing appropriate strategies to
engage young people and teachers in promoting activities
during break-time and to increase social support from
peers should be considered.
Contrary to recent data suggesting that both self-

efficacy and enjoyment are positively associated with
physical activity in children and youth [16,17,20,32–
34,51,85,86], neither variable satisfied the criteria for
mediation in the current study. Self-efficacy is the most
commonly assessed mediator and receives the strongest
support for mediating the relationship between school-
based interventions and physical activity in young people
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[14,16,17,20]. In this study, it was envisaged that targeting
self efficacy would directly and indirectly influence motiv-
ation, affect and physical activity, respectively [30,87].
Although several strategies were used in the Fit-4-Fun
program to develop physical activity self-efficacy (e.g. goal
setting, positive reinforcement for effort or progress
towards a set behavior, the provision of instruction and
feedback on performance, self-monitoring, self- regulation,
the provision of information on consequences of behavior,
and skills practice) and enjoyment (e.g. the inclusion of
“fun” and engaging physical activities, games, challenges
and learning activities), a ceiling effect may have nullified
our analyses. The relatively high self-efficacy scores (mean
self-efficacy baseline = 4.23 / 5.00) and enjoyment scores
(mean enjoyment baseline 4.41 / 5.00) at baseline, implies
that the children had relatively high levels of confidence in
their ability to perform physical activities and enjoyed
participating – limiting the scope of the intervention to
improve these constructs. Recent data also suggests that
enjoyment is positively associated with physical activity in
children and youth, yet we did not exhibit an intervention
effect for enjoyment or satisfy the criteria for mediation in
this study. Multiple strategies were implemented in the
Fit-4-Fun program to improve enjoyment of physical
activity (e.g. the inclusion of “fun” and engaging physical
activities, games, challenges and learning activities), but
the high baseline enjoyment scores (mean enjoyment
baseline 4.41 / 5.00) indicate that the children already
enjoyed participating in physical activity– creating a likely
ceiling effect and limiting the scope of the intervention to
improve this targeted construct. Alternatively, the limited/
negative impact on enjoyment may be explained by the
intense nature of the physical activities utilized in the Fit-
4-Fun program. Research by Schneider and associates
[88,89], has shown that the proportion of young people
who experience a positive enjoyment affective response to
hard exercise is relatively small and although the activities
in the Fit-4-Fun program were specifically designed to
maximize enjoyment, they still required participants to
work vigorously and to perform ‘hard’ muscular fitness
activities – potentially perceived as less enjoyable than
“easier” or less intense physical activities. Furthermore,
the enjoyment scale used in the student questionnaire
(adapted version of the 16-item Physical Activity Enjoy-
ment Scale (PACES) [54] may not have been suitable for
capturing true intervention effects in this study. The 6
questions in the enjoyment scale did not target specific
types of physical activity or differentiate between phys-
ical activity settings – making it difficult to establish
whether these changes in enjoyment are a result of
‘response shift’ (where a child’s perception of enjoyable
physical activity changes as a result of experiencing new
and more enjoyable activities). However, given that the
mean scores for enjoyment were found to be greater than
4 at all three assessment time points (indicating that most
children answered “never” or “once” to negative feelings
during physical activity), this could be viewed as a positive
result. The design and validation of specific scales
assessing enjoyment of physical activity in specific settings
and at different time periods throughout the week are
clearly needed.
Furthermore, children are generally optimistic about

their abilities, but these start to decline during adoles-
cence. This was demonstrated in another physical activity
intervention by Lubans et al. (2010), who also found that
physical activity self-efficacy did not mediate changes in
physical activity behavior in adolescents [73]. However, it
is worth noting that the distinction between barrier self-
efficacy (confidence to overcome a barrier) and task self-
efficacy (confidence to perform a task) is often overlooked,
with most physical activity interventions assessing barrier
self-efficacy only (which children might have difficulty rec-
ognizing) [87]. In the current study, a general self-efficacy
scale was used, where barrier and task self-efficacy were
assessed simultaneously. In the PALs study [84], there was
a significant impact on task self-efficacy, implying that
perhaps more physical activity studies involving young
people (especially children) should explore students’ confi-
dence in their skills. In addition, the use of existing self-
efficacy scales (whether they focus on barrier self-efficacy,
task self-efficacy or both) may not be capturing the true
effect of physical activity interventions – especially in
children. The design and use of specific scales assessing
both self-efficacy constructs (independently) may provide
a better insight into the factors mediating physical activity
behaviors in children.
The school’s physical environment is also an area that

has received much attention in promoting physical activ-
ity in the school setting [24,74]. The provision of ad-
equate space, playground equipment, non-fixed sports
equipment and non-curricular opportunities during
break times in the school day (recess and lunch), has
shown to relate to the amount and intensity of physical
activity that school children participate in during these
times [90–93]. Our intervention results indicated that
participants’ ratings of their school physical environ-
ments declined from baseline to 3-month, and from
baseline to 6-month follow-up. Possible explanations for
these results may relate to the suitability of the school
environment scale used in the student questionnaire
(and it ability to reflect the intervention components
designed to change physical activity behavior), to the
ceiling effect created by the relatively high participant
scores at baseline, [94]. In the Fit-4-Fun study, it is pos-
sible that participants in the intervention group became
increasingly aware of how to increase their physical ac-
tivity levels during break times and sought opportunities
to do so. However, although schools were encouraged to
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provide access to sports equipment during breaks and
additional sports equipment was provided to schools (e.g.
balls, skipping ropes), limited changes to the fixed play
equipment (both intervention schools had considerable
existing climbing equipment, undercover play areas, play-
ground markings and target equipment) and to the size of
the playground, would have hampered the potential to
improve ratings in these areas.

Study strengths and limitations
This study has noteworthy strengths that include: a
novel intervention targeting physical activity and fitness
in children, a high quality trial that adhered to the
CONSORT statement [95], excellent study adherence
and participant retention and the assessment of physical
activity using an objective measure. However, there are
some study limitations that should be observed. Firstly,
due to the process of randomization by school and the
small number of clusters (four schools), statistical analysis
were not adjusted for the clustered nature of the data.
Second, the study was not adequately powered to detect
small mediation effects and was underpowered for the
multiple mediation models.
Additionally, mediation analysis using Preacher and

Hayes’ Multiple Mediation Regression [60] uses com-
pleters analysis for missing data, however, high retention
rates at 3-month and 6-month follow-up in this study
minimized the impact that this procedures has on the
results. For future consideration, the study sample was
relatively homogenous and future implementations of
the Fit-4-Fun study should be extended in size and scope
in order to represent a broader population and explore
the generalizability of the study findings. Furthermore,
data should be collected to assess the specific type and
frequency of encouragement provided by teachers during
the intervention period. Despite these limitations, the in-
formation from this study may be useful in informing
future large scale Fit-4-Fun intervention implementation,
and in the design of similar research projects targeting
physical activity in children. Data in this area is very
limited and our results will add to the growing body of
research focusing on understanding physical activity be-
haviors in young people.

Conclusion
Mediation analysis is an important component of phys-
ical activity research and is a useful tool in identifying
the variables responsible for changes in physical activity
[96]. Our study has shown that a school-based physical
activity program for children (Fit-4-Fun) resulted in
increased physical activity levels which were mediated by
changes in teacher support for physical activity. These
findings concur with research suggesting that the
teacher holds the key to learning in schools [71], and
suggest that researchers targeting children in the school
setting should utilize the influence of the teacher in pro-
moting positive physical activity behaviors both at school
and at home. The lack of mediation effect for the other
targeted variables (social support from peers and parents,
enjoyment, school physical environment, self-efficacy for
physical activity) should be addressed and changes in
program strategies designed to modify these variables
warrants further investigation.

Abbreviations
SCT: Social Cognitive Theory; CMT: Competence Motivation Theory;
HRF: Health-Related Fitness; HR: Heart rate; CRF: Cardio-respiratory fitness;
MF: Muscular fitness; PA: Physical activity; PF: Physical fitness.

Competing interests
The authors declare that they have no competing interests.

Author contributions
Study concept and design: NE, PJM, and DRL. Acquisition of data: NE.
Analysis and interpretation of data: NE. Drafting of manuscript: NE. Critical
revision of the manuscript: MPJ and DRL. Statistical analysis: NE and DRL.
Obtained funding: NE, DRL, PJM. All authors read and approved the final
manuscript.

Acknowledgements
We would like to thank the schools, teachers and study participants. We also
acknowledge the following research assistants for their contribution to the
study: Lauren Devereux, Darryn Eather, Peter Lavender, Julie Skinner, Joanne
Graham, Jodie Rauch, Lauren Tongue, Lauren Wright, Emma Kavanagh,
Emma Champion, Amanda Wintle, Karen Lewis, Elle Coates, Todd Cooper,
Ashley Whitemore, Clare Williams, Hollie Tose, Courtney Platt, George Collins,
Nicholas Redgrove, Sharyn Keiraz, Josie Bonfield, Sarah Toole, Stephanie
Ryan, Belinda Avis, Annie Broderick, Tara Finn, Emily Floyd, Alyce Cook, Ms
Tara Henry, Coutney Beames, Emma Spicer and Elleise Bell. Eather had full
access to all the data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.

Financial disclosure
This research project was funded by The Physical Activity and Nutrition
Research Centre (The University of Newcastle) and Sports Medicine Australia
(research grant).

Received: 16 November 2012 Accepted: 17 May 2013
Published: 28 May 2013

References
1. Ortega FB, et al: Pediatric Review: Physical fitness in childhood and

adolescence: a powerful marker of health. Int J Obes 2008, 32:1–11.
2. Parfitt G, Pavey T, Rowlands AV: Children's physical activity and

psychological health: the relevance of intensity. Acta Paediatr 2009,
98:1037–1043.

3. Cleland V, Dwyer T, Venn A: Which domains of childhood physical activity
predict physical activity in adulthood? A 20-year prospective tracking
study. Br J Sports Med 2012, 46:595–602.

4. Ortega FB, et al: Improvements in fitness reduce the risk of becoming
overweight across puberty. Medicine & Sports Science 2011,
43(10):1891–1897.

5. Hardy LL, et al: NSW Schools Physical Activity and Nutrition Survey (SPANS)
2010: Full Report. NSW Ministry of Health: Sydney; 2010.

6. Crawford D: The future of sport in Australia. Commonwealth of Australia:
Canberra; 2009.

7. USDHHS: Strategies to Improve the Quality of Physical Education. Washington
D.C: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Division of Adolescent and School Health; 2010.

8. Morgan PJ, Hansen V: Physical education in primary schools: classroom
teachers' perceptions of benefits and outcomes. Health Educ J 2008,
67(3):196–207.



Eather et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:68 Page 14 of 15
http://www.ijbnpa.org/content/10/1/68
9. Eather N, Morgan PJ, Lubans DR: Feasibility and preliminary efficacy of the Fit-
4-Fun intervention for improving physical fitness in a sample of primary school
children: a pilot study. Physical Education and Sports Pedagogy; 2012.

10. Lubans DR, et al: Randomized controlled trial of the Physical Activity
Leaders (PALs) program for adolescent boys from disadvantaged
secondary schools. Prev Med 2011, 52:239–246.

11. Singh AS, et al: Dutch obesity intervention in teenagers: effectiveness of
a school-based program on body composition and behavior. Arch Pediatr
Adolesc Med 2009, 163(4):309–317.

12. Kriemler S, et al: Effect of school-based interventions on physical activity
and fitness in children and adolescents: a review of reviews and
systematic update. Br J Sports Med 2011, 45:923–930.

13. Dobbins M, et al: School-based physical activity programs for promoting
physical activity and fitness in children and adolescents aged 6-18
(Review). Cochrane Database Syst Rev 2009:1–108.

14. Demetriou Y, Höner O: Physical activity interventions in the school
setting: A systematic review. Psychol Sport Exerc 2012, 13:186–196.

15. Eather N, Morgan PJ, Lubans DR: Improving the fitness and physical
activity levels of primary school children: Results of the Fit-4-Fun group
randomized controlled trial. Prev Med 2012, 56(1):12–19.

16. Lubans DR, Foster C, Biddle SJ: A review of mediators of behaviour in
interventions to promote physical activity among children and
adolescents. Prev Med 2008, 47:463–470.

17. Salmon J, Brown H, Hume C: Review: Effects of strategies to promote
children's physical activity on potential mediators. Int J Obes 2009,
33:S66–S73.

18. Baranowski T, Jago R: Understanding mechanisms for change in
children's activity programs. Exerc Sport Sci Rev 2005, 33:163–168.

19. Bauman AE, 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,
23(2 Suppl):5–14.

20. van Stralen MM, et al: What works in school-based energy balance
behaviour interventions and what does not? A systematic review of
mediating mechanisms. Int J Obes 2011, 35(10):1251–1265.

21. Michie S, Abraham C: Interventions to change health behaviours:
Evidence-based or evidence-inspired? Psychol Health 2004, 19:29–49.

22. King AC, Stokols D, Talen E: Theoretical approaches to the promotion of
physical activity. Forging a transdisciplinary paradigm. Am J Prev Med
2002, 23:S15–S25.

23. IUHPE: Achieving health promoting schools: guidelines for promoting health in
schools. Cedex, France: International Union for Health Promotion; 2008:1–4.

24. Hyndman B, et al: Moving physical activity beyond the school classroom:
a social-ecological insight for teachers of the facilitators and barriers to
students' noncurricular physical activity. Australian Journal of Teacher
Education 2012, 37(2):1–24.

25. Salmon J, King AC, et al: Population approaches to increasing physical
activity and reducing sedentary behavior among children and adults. In
Obesity epidemiology: from aeitiology to public health. 2nd edition. New York:
Oxford University Press; 2010:186–207.

26. Bandura A, Adams NE, Beyer J: Cognitive processes mediating behavioral
change. J Pers Soc Psychol 1977, 35(3):125–139.

27. Harter S (Ed): Manual for the self-perception profile for children. Denver, CO:
University of Denver; 1985.

28. Eather N, Morgan PJ, Lubans DR: Improving health-related fitness in
children: the fit-4-Fun randomized controlled trial study protocol.
BMC Public Health 2011, 11(902).

29. Fritz MS, MacKinnon DP: Required sample size to detect the mediated
effect. Psychol Sci 2007, 18(3):233–239.

30. Bandura A: Social cognitive theory: an agentic perspective.
Annu Rev Psychol 2001, 52:1–26.

31. O'Reilly E, Tompkins J, Gallant M: "They ought to enjoy physical activity,
you know?": struggling with fun in phsical education. Sport, Education,
and Society 2001, 6:211–221.

32. Trost SG, et al: Determinants of physical activity in active and low-active,
sixth grade African-American youth. J Sch Health 1999, 69(29-34).

33. De Bourdeaudhuij IMM, et al: Physical activity and psychosocial correlates
in normal and overweight 11-19 year olds. Obes Res 2005,
13:1097–1105.

34. Strauss RS, et al: Psychological correlates of physical activity in healthy
children. Arch Pediatr Adolesc Med 2001, 155(8):807–902.
35. Luepker RV, et al: Outcomes of a field trial to improve children’s dietary
patterns and physical activity: The Child and Adolescent Trial for
Cardiovascular Health. CATCH collaborative group. JAMA 1996, 275:768–776.

36. Sallis JF, et al: The effects of a 2-year physical education program (SPARK)
on physical activity and fitness in elementary school students.
Am J Public Health 1997, August 1997(8):1329–1334.

37. Salmon J, et al: Promoting Physical Activity Participation Amongst Children
and Adolescents. Epidemiologic Reviews; 2007.

38. Cleland V, et al: Parental exercise is associated with Australian children's
extracurricular sports participation and cardiorespiratory fitness: A cross-
sectional study. Int J Behav Nutr Phys Act 2005, 2(1):3.

39. Springer AE, Kelder SH, Hoelscher DM, et al: Social support, physical
activity and sedentary behavior among 6th-grade girls: a cross-sectional
study. Int J Behav Nutr Phys Act 2006, 3(8).

40. Trost SG, et al: Evaluating a model of parental influence on youth
physical activity. Am J Prev Med 2007, 25(4):278–282.

41. Neumark-Stzainer D, et al: Factors associated with changes in physical
activity. Arch Pediatr Adolesc Med 2003, 157(8):803–810.

42. BOS: Personal Development, Health and Physical Education K-6 Syllabus. 2007.
43. Cole TJ, et al: Establishing a standard definition for child overweight and

obesity worldwide: international survey. Br Med J 2000, 320(7244):1240–9.
44. McNamara E, Hudson Z, Taylor SJC: Measuring activity levels of young

people: the validity of pedometers. Br Med Bull 2010, 95:121–137.
45. Beets MW, et al: Pedometer-measured physical activity patterns of youth:

a 13 country review. Am J Prev Med 2010, 38(2):208–216.
46. Saunders PU, et al: Development of questionnaires to measure psychosocial

influences on children's physical activity. Prev Med 1997, 26:241–247.
47. Motl RW, et al: Factorial validity and invariance of questionniares

measuring social-cognitive determinants of physical activity in
adolescent girls. Prev Med 2000, 31:584–594.

48. Dishman RK, et al: Factorial invariance and latent mean structure of
questionniares measuring social-cognitive determinants of physical
activity among black and white adolescent girls. Prev Med 2002,
34:100–108.

49. Dishman RK, et al: Self-management strategies mediates self-efficacy and
physical activity. Am J Prev Med 2005, 29(1):10–18.

50. Bartholomew AL, Jowers DE, Ayala S: Validation of the physical activity
self-efficacy scale: testing measurement invaraince between hispanic
and caucasian children. J Phys Act Health 2006, 3:70–78.

51. Dishman RK, et al: Validity of social-cognitive measures for physical
activity in middle-school girls. J Pediatr Psychol 2009(Advanced Acess
published May 11, 2009):1–17.

52. Motl RW, et al: Measuring enjoyment of physical activity in adolescent
girls. Am J Prev Med 2001, 21:110–117.

53. Carraro A, Young MC, Robazza C: A contribution to the validation of the
physical enjoyment scale in an Italian sample. Soc Behav Pers 2008,
36(7):911–918.

54. Moore JB, et al: Measuring enjoyment of physical activity in children:
validation of the Physical Activity Enjoyment Scale. J Appl Sport Psychol
2009, 21(supp.1):S116–S129.

55. Sallis JF, et al: Correlates of vigorous physical activity for children in
grades 1 through to 12: comparing parent-reported and objectively
measured phsyical activity. Pediatr Exerc Sci 2002, 14:30–44.

56. Robertson-Wilson J, Levesque L, Holden RR: Development of a
questionnaire assessing school physical activity environment. Meas Phys
Educ Exerc Sci 2007, 11(2):93–107.

57. Martin JJ, et al: Validity and reliability of the School Physical Activity
Environment Questionnaire. Meas Phys Educ Exerc Sci 2011, 15:274–282.

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

59. Judd CM, Kenny DA: Process Analysis: Estimating mediation in treatment
evaluations. Eval Rev 1981, 5(5):602–619.

60. Preacher KJ, Hayes AF: SPSS and SAS procedures for estimating indirect
effects in simple mediation models. Behav Res Methods Instrum Comput
2004, 36:717–731.

61. Paterson L, Goldstein H: New Statistical Methods for Analysing Social
Structures: An introduction to multilevel models. Br Educ Res J 1991,
17(4):387–393.

62. Rasbash J: Multilevel structures and classifications, in LEMMA (Learning
environment for multilevel methodology and applications. UK: Centre for
Multilevel Modelling; 2008:1–40.



Eather et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:68 Page 15 of 15
http://www.ijbnpa.org/content/10/1/68
63. Bandura A (Ed): Social Foundations of Thought and Action: A social-cognitive
theory. Englewood Cliffs, N.J: Prentice Hall; 1986.

64. Whitehead JR, Corbin CB: Self-esteem in children and youth: the role of
sport and physical education. In The physical self: from motivation to
well-being. Edited by Fox KR. Champaign, I.L: Human Kinetics; 1997:175–203.

65. Sallis JF, Owen N: Physical activity and behavioral medicine. Beverly Hills (CA):
Sage; 1999.

66. Sallis JF, Prochaska JJ, Taylor WC: A review of correlates of physical activity
of children and adolescents. Med Sci Sports Exerc 2000, 32(5):963–975.

67. McLeroy KR, et al: An ecological perspective on health promotion
programs. Health Educ Q 1988, 15:351–377.

68. Haerens L, et al: Explaining-the-effect-of-a-1-year-intervention-promoting-
physical-activity-in-middle-schools-A-mediation-analysis. Public Health
Nutr 2008, 11(5):501–12.

69. Koka A, Hein V: Perception of teacher's feedback and learning
environment as predictors of intrinsic motivation in physical education.
Psychol Sport Exerc 2003, 4:333–346.

70. DeCorby K, et al: Classroom teachers and the challenges of delivering
quality physical education. J Educ Res 2005, 98(4 (March-April):208–220.

71. Hattie J: Distinguishing expert teachers from novice and experienced teachers.
Teachers make a difference. What is the research evidence?, in Australian
Council for Educational Research Annual Conference on Building Teacher
Quality. Melbourne, Australia: University of Auckland; 2003:1–17.

72. Taymoori P, Lubans DR: Mediators of behavior change in two tailored
physical activity interventions for adolescent girls. Psychol Sport Exerc
2008, 9(5):605–619.

73. Lubans DR, et al: Exploring the mechanisms of physical activity and
dietary behavior change in the Program X Intervention for adolescents.
J Adolesc Health Care 2010, 47:83–91.

74. Bergh IH, et al: Exploring mediators of accelerometer assessed physical
activity in young adolescents in the health in adolescents study –
a group randomized controlled trial. BMC Public Health 2012, 12(1):814.

75. Golan M: Parents as agents of change in childhood obesity from
research to practice. Int J Pediatr Obes 2006, 1(2):66–76.

76. O'Connor TM, Jago R, Baranowski T: Engaging parents to increase youth
physical activity: a systematic review. Am J Prev Med 2009, 37(2):141–9.

77. Kipping RR, Jago R, Lawlor DA: Developing parent involvement in a
school-based child obesity prevention intervention: a qualitative study
and process evaluation. J Public Health 2011(Advanced Access published
September 21, 2011):1–9.

78. Walker JMT, et al: Parental involvement in homework : a review of current
research and its implications for teachers, after school program staff, and
parent leaders H.F.R. Project. MA: Harvard Graduate School of Education
Cambridge; 2004:1–9.

79. Gustafson SL, Rhodes RE: Parental correlates of physical activity in
children and early adolescents. Sports Med 2006, 36:79–97.

80. Welk GJ, Schaben JA: Psychosocial correlates of physical activity in
children: a study of relationships when children have similar
opportunities to be active. Meas Phys Educ Exerc Sci 2004, 8(2):63–81.

81. Mattocks C, Ness A, Deere K: Early life determinants of physical activity in
11 to 12 year olds: cohort study. Br Med J 2008, 336:26–9.

82. Rubin KH, Bukowski W, Parker JG: Peer interactions, relationships, and
groups. In Handbook of child psychology: Vol. 3, Social, emotional, and
personality development. Edited by Damon W, Lerner RM, Eisenberg N.
New York: Wiley; 2006:571–645.

83. Salvy SJ, et al: Peer Influence on Children’s Physical Activity: An
Experience Sampling Study. J Pediatr Psychol 2008, 33(1):39–49.

84. Lubans DR, Morgan PJ, Callister R: Potential moderators and mediators of
intervention effects in an obesity prevention program for adolescent
boys from disadvantaged schools. J Sci Med Sport 2012, 15(6):519–25.

85. O'Reilly E, Tompkins J, Gallant M: "They ought to enjoy physical activity,
you know?": struggling with fun in physical education. Sport Educ Soc
2001, 6:211–221.

86. Dishman RK, et al: Enjoyment mediates effects of a school-based physical
activity intervention. Med Sci Sports Exerc 2005, 37(3):478–487.

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

88. Schneider M, Cooper DM: Enjoyment of exercise moderates the impact of
a school-based physical activity intervention. Int J Behav Nutr Phys Act
2011, 8:64.
89. Schneider ML, Graham DJ: Personality, physical fitness, and affective
response to exercise among adolescents. Med Sci Sports Exerc 2009,
41(4):947–55.

90. Parrish A, Iverson D, Russell K: Observing children’s playground activity
levels at 13 Illawarra Primary schools using CAST2. J Phys Act Health 2009,
6:S89–96.

91. Verstraete SJ, et al: Increasing children's physical activity levels during
recess periods in elementary schools: the effects of providing game
equipment. Eur J Public Health 2006, 16(4):415–419.

92. Ridgers ND, et al: Children's physical activity levels during school recess:
a quasi-experimental intervention study. Int J Behav Nutr Phys Activ 2007,
4:19–27.

93. Kelly IR, et al: Contribution of the school environment to physical fitness
in children and youth. J Phys Act Health 2010, 7:333–342.

94. Vallance JK, 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, 35:150–8.

95. Moher D, et al: CONSORT 2010 explanation and elaboration:updated
guidelines for reporting parallel group randomised trials. BMJ 2010, 340.

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

doi:10.1186/1479-5868-10-68
Cite this article as: Eather et al.: Social support from teachers mediates
physical activity behavior change in children participating in the Fit-4
-Fun intervention. International Journal of Behavioral Nutrition and Physical
Activity 2013 10:68.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Design
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants
	Treatment conditions
	Measures
	Student questionnaire
	Statistical analysis

	Results
	3-month results
	6-month results

	Discussion
	Study strengths and limitations

	Conclusion
	Abbreviations
	Competing interests
	Author contributions
	Financial disclosure
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


