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AbsTrACT
Objective Quality physical education (PE) is the 
cornerstone of comprehensive school physical activity 
(PA) promotion programmes. We tested the efficacy of 
a teacher professional learning intervention, delivered 
partially via the internet, designed to maximise 
opportunities for students to be active during PE lessons 
and enhance adolescents’ motivation towards PE and PA.
Methods A two-arm cluster randomised controlled 
trial with teachers and Grade 8 students from secondary 
schools in low socioeconomic areas of Western Sydney, 
Australia. The Activity and Motivation in Physical 
Education (AMPED) intervention for secondary school 
PE teachers included workshops, online learning, 
implementation tasks and mentoring sessions. The 
primary outcome was the proportion of PE lesson time 
that students spent in moderate-to-vigorous physical 
activity (MVPA), measured by accelerometers at baseline, 
postintervention (7–8 months after baseline) and 
maintenance (14–15 months). Secondary outcomes 
included observed PE teachers’ behaviour during lessons, 
students’ leisure-time PA and students’ motivation.
results Students (n=1421) from 14 schools completed 
baseline assessments and were included in linear mixed 
model analyses. The intervention had positive effects on 
students’ MVPA during lessons. At postintervention, the 
adjusted mean difference in the proportion of lesson time 
spent in MVPA was 5.58% (p<0.001, approximately 
4 min/lesson). During the maintenance phase, this effect 
was 2.64% (p<0.001, approximately 2 min/lesson). The 
intervention had positive effects on teachers’ behaviour, 
but did not impact students’ motivation.
Conclusions AMPED produced modest improvements 
in MVPA and compares favourably with previous 
interventions delivered exclusively face-to-face. Online 
teacher training could help facilitate widespread 
dissemination of professional learning interventions.
Trial registration number ACTRN12614000184673.

Schools are potential venues for adolescent physical 
activity (PA) promotion.1 2 The Centers for Disease 
Control and Prevention recommend that schools 
implement comprehensive PA programmes, built 
on a foundation of quality physical education (PE).3 

Quality PE helps students develop the skills and 
motivation to be active outside school and later in 
life.4 5 It also provides students with opportunities 
to be active during PE3; however, many lessons do 
not engage students in sufficient moderate-to-vig-
orous physical activity (MVPA) to benefit their 
health.6–8

Teacher professional learning interventions can 
increase children’s MVPA during primary and 
middle school PE lessons by 14% compared with 
usual practice.7 There is, however, little evidence 
regarding interventions to increase MVPA in 
secondary school PE lessons. This paucity of effi-
cacious interventions is problematic because the 
greatest declines in PA occur during early adoles-
cence9 and PE, when structured effectively, could 
represent an opportunity for these youths to 
participate in substantial amounts of MVPA during 
lessons.

In this study, we tested an intervention designed 
primarily to increase adolescents’ MVPA during 
secondary school PE lessons. Intervention content 
was, therefore, based, in part, on efficacious 
programmes conducted in primary and middle 
schools that helped teachers increase children’s 
opportunities to be active during PE lessons.10–12 
Based on the notion that quality PE involves more 
than just high levels of MVPA during lessons, we also 
employed self-determination theory tenets to design 
an intervention that would also help teachers learn 
strategies that would motivate students over the 
long term by increasing perceptions of autonomy, 
competence and belongingness (ie, satisfying their 
basic psychological needs).13 14 As noted by Hobbs et 
al,4 this type of integrated approach acknowledges 
that interventions designed to increase students’ 
MVPA during lessons should not do so at the 
expense of other PE outcomes, such as promoting 
students’ autonomous motivation (eg, enjoyment).7

Most school-based PA interventions have focused 
almost exclusively on face-to-face workshops.7 15 To 
enhance teachers’ learning and the intervention’s 
potential scalability, we incorporated a ‘blended 
design’, with a combination of face-to-face delivery 
and flexible online learning.16–18
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Figure 1 CONSORT (Consolidated Standards of Reporting Trials) 2010 
flow diagram: the AMPED (Activity and Motivation in Physical 
Education) randomised controlled trial.

We conducted a cluster randomised controlled trial (RCT) 
in secondary schools located in low socioeconomic areas of 
Western Sydney, Australia. This region has a large proportion of 
youths from low socioeconomic backgrounds,19 20 meaning they 
are at greater risk of physical inactivity compared with higher 
socioeconomic status Australian adolescents.21 We hypothesised 
that, compared with students in the control condition, students 
whose teacher participated in the intervention would:
1. spend a greater proportion of lesson time in MVPA (primary 

outcome);
2. spend a lower proportion of PE lessons being sedentary;
3. be more likely to attend and participate in PE lessons;
4. report greater basic psychological needs satisfaction in PE, 

as well as higher quality motivation towards PE and lei-
sure-time MVPA;

5. accumulate more MVPA and less sedentary time during lei-
sure time.

MeThOds
study design and participants
This study involved a prospectively registered 
(ACTRN12614000184673), two-arm, cluster RCT with alloca-
tion at the school level (1:1 ratio) (see figure 1).22 We assessed 
outcomes for a cohort of students at baseline (start of Grade 
8), postintervention (end of Grade 8) and during a mainte-
nance phase (mid-Grade 9). The Australian Catholic University 
and New South Wales (NSW) Department of Education ethics 
boards approved this study.

School inclusion criteria included: (1) school with students 
enrolled in Grades 8 and 9; (2) funded by the NSW Department 

of Education; (3) permission granted by the principal, the head 
PE teacher and at least one Grade 8 PE teacher; (4) located in 
Western Sydney; (5) in a postal code with a mean decile rank that 
was below the median on the Australian Bureau of Statistics’ 
Index of Relative Socioeconomic Disadvantage.

In these schools, eligible participants included all PE teachers, 
as well as all students physically able to take part in Grade 8 PE. 
Parents provided consent prior to student enrolment.

We invited all schools that met our eligibility criteria, and 
from those indicating interest we aimed to purposively select a 
sample that was representative of the region in terms of school 
size and sex composition (ie, single sex or coeducational). We 
match paired participating schools according to socioeconomic 
disadvantage, school size, sex composition of PE classes and 
the duration of PE lessons. Using a computer-based randomi-
sation procedure, a blinded statistician randomised schools to 
the control or intervention condition from within each pair 
following baseline assessments.

Interventions
Online supplementary file 1 contains details of the ‘Activity 
and Motivation in Physical Education’ (AMPED) intervention. 
AMPED had two aims: (1) to help teachers deliver lessons that 
maximised opportunities for MVPA; and (2) to help teachers 
enhance their students’ motivation towards PE. To maximise 
MVPA opportunities, teachers’ learnt strategies that were cate-
gorised under two headings: (A) ‘Maximising Movement and 
Skill Development’ and (B) ‘Reducing Transition Time’. Strat-
egies to enhance student motivation were organised under two 
further headings: (C) ‘Building Competence’ and (D) ‘Supporting 
Students’.

Face-to-face workshops included brief presentations by the 
research team, but for much of these teachers worked inde-
pendently on the project’s website. This independent work was 
designed to help ensure teachers were comfortable working 
on the website, to facilitate later use. Throughout the entire 
intervention, teachers had access to online resources, a discus-
sion forum, videos of good/poor practice (see online supple-
mentary file 1c) and the project’s mobile phone application, 
which included implementation and self-reflection prompts (see 
online supplementary file 1d).

Fidelity and process evaluation measures
To assess implementation fidelity, trained observers, who were 
blinded to treatment allocation, rated a video recording of 
one randomly selected lesson for 64 teachers at baseline and 
at postintervention. Ratings assessed the extent to which each 
teacher implemented strategies that were consistent with the 
four teaching principles described above.22

Teachers completed intervention process evaluation measures 
of perceived usefulness. They also evaluated the AMPED 
website’s usability.23

demographic and anthropometric information
Students reported their date of birth, sex, ethnic background24 
and family socioeconomic status.25 We measured students’ 
height and weight and calculated their body mass index (BMI) 
and BMI z-score.26

Outcome measures
Primary outcome
To measure MVPA during three PE lessons at each time point, 
we employed ActiGraph accelerometers (GT1M, GT3X and 
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GT3X+models; Fort Walton Beach, FL) attached at the right 
hip. We measured MVPA using 1 s epochs to accurately capture 
the sporadic PA bouts that occur during PE.27 We used vertical 
axis data to classify activity intensity using an MVPA cut point 
of ≥38.27  counts  per  1 s  (derived  from  a  cut  point  of ≥574 
counts per 15 s28). Research assistants recorded the start and 
finish times of each lesson (as indicated by the school bell), 
which were then used to filter the accelerometer data.

Secondary outcomes
At each lesson, research assistants recorded the number of 
students participating, the number absent and the number 
attending but not participating. Accelerometers assessed 
students’ sedentary behaviour (<1.67 counts per 1 s), as well as 
light (1.68–38.25 counts), moderate (38.26–66.85 counts) and 
vigorous (>66.86 counts) intensity activity during PE lessons.28 
We employed these same cut-offs to measure PA and sedentary 
behaviour during leisure time. We requested that students wear 
their accelerometer for five weekdays and two weekend days. To 
be included in the analyses, a student needed to provide valid 
data (≥8 hours of wear time/day) for at least 3 days, including at 
least two weekdays. We also measured self-reported leisure-time 
MVPA.29 30

Motivational mediators
Students completed questionnaires to assess their perceptions 
of teachers’ motivationally supportive31 and controlling32 
behaviours. They also responded to questionnaires measuring 
their psychological needs satisfaction,33–35 autonomous motiva-
tion (eg, intrinsic motivation), controlled motivation (eg, pres-
sure or guilt) and amotivation (ie, lack of motivation) towards 
PE,36 as well as their motivation towards leisure-time PA.37 38

blinding
Research assistants blinded to school allocation collected all 
data. Students participating in the study were also blinded, but 
teachers were aware of their allocation to the intervention or 
control condition.

sample size
To ensure 80% power to detect an effect of d=0.60 on the 
primary outcome (ie, MVPA during PE lessons),7 we required 
90 participants for a non-clustered trial (two-tailed p=0.05). 
We adjusted our calculations for class level clustering39; but 
did not include school level clustering in our power analyses, 
as school level clustering of MVPA during lessons is typically 
negligible.40 41

With an estimated class size of 22 participating students and an 
intraclass correlation of 0.63,40 41 we required a sample of 1280 
students to achieve 80% power. We aimed to recruit students 
from 14 schools, and estimated that 4.5 classes per school would 
participate (ie, 1386 students).

statistical analyses
Between November 2015 and October 2016, we conducted anal-
yses using R software.42 A researcher blinded to study hypoth-
eses and allocation completed all analyses using generalised 
linear mixed models, following intention-to-treat principles. 
We assessed between-arm differences in changes by including an 
indicator variable for allocation (arm), a variable representing 
time (baseline, postintervention and/or maintenance) and their 
interaction (arm × time).

For the primary outcome, analysis included student’s MVPA 
data gathered from up to three lessons per student at each time 
point. We included four random intercept effects for: (1) lesson; 
(2) student; (3) teacher; and (4) class. When preliminary anal-
yses suggested clustering at the school level, we included a fifth 
random intercept effect for this level.

As outlined in our protocol paper,22 we tested prespecified 
moderators of intervention effects, including sex and ethnic 
background (categorical variables), as well as socioeconomic 
status and baseline levels of MVPA and psychosocial variables 
(continuous variables). We explored significant interaction terms 
(p<0.1) by testing differences in intervention effects across 
subgroups stratified according to the moderator.43

Finally, we used a cluster-bootstrapped-based product-of-coef-
ficients test,44 to test potential mediation pathways. For example, 
we examined whether teachers’ implementation of the interven-
tion, as indicated by increases in their use of AMPED teaching 
strategies, mediated the effect of the intervention on students’ 
MVPA during lessons.

resulTs
recruitment and baseline measures
Between February and April 2014, twenty-three of 64 eligible 
schools (36%) indicated interest in the study. We purposively 
selected 14 schools that were representative of the region, in 
terms of school population (sample mean=828 students, region 
mean=804 students). All schools in our sample were coeduca-
tional, but 22% of schools in the region were single sex. Schools 
were located in postal codes with a mean decile rank of 2.1 on 
the Index of Relative Socioeconomic Disadvantage (mean of 
eligible schools=2.4, range of eligible schools=1–5).

Of the 101 PE teachers in the 14 schools, 94 (93.1%) provided 
consent, including all 60 Grade 8 PE teachers (100%). Of the 
1806 Grade 8 students enrolled, 1421 (78.7%) gave their assent 
(and parental consent) and provided data during a baseline PE 
lesson. Demographics are shown in table 1.

Fidelity and process evaluation
As shown in online supplementary file 3a, the intervention had 
significant, large positive effects on all categories of teacher 
behaviours that raters assessed, including: (A) maximising move-
ment and skill development, (B) reducing transition time, (C) 
building competence and (D) supporting students (all p<0.001, 
d>1.6).

Teachers rated the AMPED training as highly useful (M=4.82 
on 5-point scale, SD=0.38). They also believed the website 
was user-friendly (M=4.60 on 5-point scale, SD=0.48). See 
online supplementary file 3b for details.

Primary outcome
As shown in table 2, at postintervention the adjusted mean 
difference in the proportion of PE lesson time spent in MVPA 
was 5.66% (95% CI 4.71 to 6.63) in favour of the intervention 
group (p<0.001). Table 3 shows that during the maintenance 
phase this effect was 2.66% (95% CI 1.13 to 4.17) in favour of 
the intervention group (p=0.001).

Moderator analyses (see online supplementary file 3) showed 
that students whose teachers displayed poorer teaching at base-
line showed greater increases in MVPA between baseline and 
postintervention than did students whose teachers scored higher 
at baseline (all p<0.1).

In terms of student variables, students from English/Euro-
pean ethnic backgrounds showed greater increases in MVPA 
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Table 1 Baseline characteristics

Characteristic
Intervention 
group Control group

Schools

  Index of Relative Socioeconomic 
Disadvantage for the school’s postcode

2.14 2.14

  Estimated Grade 8 enrolment in year prior 
to study (n)

126.14 121.43

  Schools with coeducational PE lessons (%) 85.71 85.71

  Duration of PE lessons (minutes/lesson) 63.57 62.14

Teachers

  Total participants (n) 47 47

  Sex (%)

    Male 55.32 48.94

    Female 44.68 51.06

  Country of birth (%)

    Australia 80.85 88.88

    Other 19.15 11.12

  Overall job satisfaction 8.51 (1.23) 7.96 (1.48)

  Years of teaching experience 7.80 (6.45) 8.84 (6.57)

Students

  Total participants (n) 693 728

  Sex (%)

    Boys 51.90 59.00

    Girls 48.10 41.00

  Country of birth (%)

    Australia 77.90 81.30

    Other 22.10 18.70

  Age (years) 12.96 (0.56) 12.90 (0.52)

  Ethnicity (%)

    English and European 58.30 56.70

    Aboriginal or Torres Strait Islander origin 9.0 10.10

    Others 32.70 32.20

  Height (m) 159.80 (7.91) 159.81 (8.06)

  Weight (kg) 56.94 (14.86) 56.70 (15.03)

  Student BMI category (%)

    Underweight 24.30 24.80

    Healthy weight 50.20 50.80

    Overweight 18.40 17.40

    Obese 7.20 7.10

  Daily total physical activity (min/day)

    Sedentary 592.63 (117.11) 586.32 (105.68)

    Light intensity 90.56 (25.62) 88.94 (24.29)

    Moderate intensity 31.35 (11.41) 28.99 (9.98)

    Vigorous intensity 20.50 (11.61) 19.45 (11.45)

  MVPA 51.85 (20.31) 48.45 (19.04)

  Accelerometer wear time 735.04 (119.14) 723.71 (107.81)

 Except where indicated, values represent sample means, with SD in parentheses.
Teacher job satisfaction was measured using a 10-point Likert scale 
(1=dissatisfied, 10=satisfied).
BMI, body mass index (kg/m2); MVPA, moderate-to-vigorous physical activity; PE, 
physical education. 

during lessons compared with students from other ethnic back-
grounds (p<0.05). Students with high amotivation (ie, lacking 
motivation), low autonomous motivation, low relatedness and 
low levels of MVPA during baseline lessons also showed greater 
increases in MVPA from baseline to postintervention compared 
with students high on these variables (p<0.1). During the 
maintenance phase, girls’ MVPA showed greater benefit than 
boys (p=0.001) and the least active students showed greater 

improvements in MVPA than students who were more active at 
baseline (p<0.001).

Mediator model analyses (see online supplementary file 4) 
showed that three categories of teacher behaviours (‘Maximising 
Movement and Skill Development’, ‘Reducing Transition Time’ 
and ‘Supporting Students’) were significant mediators of inter-
vention effects on MVPA during lesson time (p<0.05).

secondary outcomes
As shown in table 2 (postintervention) and table 3 (mainte-
nance), students’ sedentary time during PE lesson time decreased 
(p≤0.001), while time spent in light, moderate and vigorous PA 
increased (p<0.01). The intervention, however, had no effect 
on the proportion of students who participated in PE (see 
online supplementary file 5).

At postintervention (table 2), accelerometer data showed a 
small increase in leisure-time MVPA by control group partici-
pants compared with intervention (p=0.06), but this effect was 
not observed at maintenance (table 3). No intervention effects 
were found for leisure-time sedentary time or light or vigorous 
PA.

Motivational mediators
There were no significant intervention effects on PE moti-
vational variables (see online supplementary file 6). In terms 
of leisure-time motivation, at postintervention, intervention 
students’ controlled motivation did not change, but students in 
the control condition reported a trivial decrease in controlled 
motivation (d=−0.018 (p=0.005)).

dIsCussIOn
According to the Centers for Disease Control and Preven-
tion,3 PE is the cornerstone of a comprehensive school PA 
programme. Creating a motivationally supportive class environ-
ment and providing opportunities for students to be physically 
active during lessons are two elements of quality PE teaching. 
The AMPED intervention significantly increased students’ 
MVPA during PE lessons and mechanisms responsible for these 
improvements were teachers’ increased motivational support 
and strategies designed to minimise transition time and maxi-
mise opportunities for movement and skill development. The 
majority of teachers completed all required professional learning 
elements and positive process evaluations showed that this inter-
net-supported professional learning intervention was feasible 
and acceptable.

Comparing AMPED intervention effects with previous 
interventions designed to increase MVPA in PE is challenging 
because of methodological differences. First, few studies have 
been conducted in the secondary school setting and, to our 
knowledge, none specifically targeted schools in low socioeco-
nomic areas.7 Second, most previous studies have employed 
observational measures of students’ MVPA during PE lessons 
(eg, SOFIT), and these measures tend to overestimate MVPA 
compared with accelerometry.45 Notwithstanding the noted 
sampling differences, the most meaningful comparisons likely 
involve an examination of relative effects. The AMPED inter-
vention increased MVPA by about one-third compared with 
usual practice. This effect is larger than the 14% relative effect 
found in a recent meta-analysis of similar interventions.7

During usual practice, students in our sample spent approx-
imately 18% of lesson time in MVPA, which equates to 
approximately 11 min of MVPA per lesson (mean lesson dura-
tion=63 min). AMPED’s postintervention effect, therefore, 
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What are the findings?

 ► Activity and Motivation in Physical Education (AMPED) was 
a professional learning intervention for secondary school 
teachers delivered partially online.

 ► Teachers believed online learning was acceptable and useful.
 ► AMPED increased adolescents’ moderate-to-vigorous physical 
activity during school physical education lessons.

 ► Teachers can learn strategies that increase teaching quality in 
school physical education.

 ► Observed increases in teaching quality were responsible for 
changes in student activity during lessons.

equates to approximately four extra minutes of MVPA per PE 
lesson. Beets and colleagues46 recently proposed that interventions 
designed to increase youth MVPA should focus on ‘expanding’, 
‘extending’ and ‘enhancing’ opportunities for participation. The 
AMPED intervention represents successful, although modest 
(eg, 4 min/PE lesson), ‘enhancement’ of an existing PA oppor-
tunity. However, contrary to previous self-determination theo-
ry-based interventions (that employed self-report measures),13 14 
our objectively measured results indicated that AMPED did not 
increase students’ leisure-time MVPA. Thus, on its own, AMPED 
is not an intervention that can increase adolescents’ overall levels 
of MVPA. We, therefore, suggest that AMPED would be best 
implemented as an enhancement component of a comprehensive 
school PA programme3 that also includes other ‘expansion’ and 
‘extension’ initiatives.46 47

limitations and future research
We employed relatively low-intensity recruitment methods (eg, 
emails to schools). Further research is needed to determine if 
more intensive marketing can increase response rates. Studies 
could also investigate if response rates are higher in a scale-up 
phase,48 when the burden of assessments is typically less than 
in an efficacy study (eg, accelerometers, questionnaires).

Using video analysis to assess implementation fidelity is 
considered a gold standard method49 and surpasses the quality 
of fidelity data gathered in most previous interventions in PE.7 
However, we only rated one lesson per teacher at baseline and 
postintervention. Assessing more lessons could provide greater 
confidence regarding implementation fidelity.

AMPED employed a blended training approach (ie, online 
and face-to-face) and teachers’ positive responses suggest 
that internet-based technology may provide a viable method 
to support interventions in schools. Future studies could 
compare blended delivery approaches with completely online 
learning. This research should be combined with cost-effec-
tiveness analyses.

Research is required to examine the mechanisms of change 
in MVPA at the student level. Contrary to previous self-de-
termination theory-based interventions,13 14 AMPED had no 
effect on students’ self-reported motivational mediators. As 
shown in online supplementary file 3, teachers in our study 
tended to show greater improvements in the strategies associ-
ated with providing greater opportunities for MVPA compared 
with those designed to enhance student motivation. Future 
research could test the hypothesis that when teachers are 
presented with an integrated professional learning interven-
tion, they may gravitate towards strategies that they perceive 
can be more easily implemented.50

Investigations are also needed to understand why AMPED 
was most effective for girls and students with poor motivation. 
These students are often most at risk of decreasing MVPA during 
adolescence9; so, if the reasons for AMPED’s effectiveness can 
be identified, these components could be emphasised in inter-
ventions targeting these populations.51

COnClusIOn
The AMPED intervention was acceptable to teachers, feasible 
to deliver and effectively increased adolescents’ MVPA during 
PE lessons conducted in schools located in low socioeconomic 
areas. Internet-based tools may offer opportunities to support 
delivery of teacher professional learning programmes designed 
to enhance adolescents’ health and development.
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