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ABSTRACT
Introduction  In Australia, only 22% of male and 8% 
of female adolescents meet the muscle-strengthening 
physical activity guidelines, and few school-based 
interventions support participation in resistance training 
(RT). After promising findings from our effectiveness 
trial, we conducted a state-wide dissemination of the 
‘Resistance Training for Teens’ (RT4T) intervention from 
2015 to 2020. Despite high estimated reach, we found 
considerable variability in programme delivery and 
teachers reported numerous barriers to implementation. 
Supporting schools when they first adopt evidence-
based programmes may strengthen programme fidelity, 
sustainability, and by extension, programme impact. 
However, the most effective implementation support model 
for RT4T is unclear.
Objective  To compare the effects of three implementation 
support models on the reach (primary outcome), dose 
delivered, fidelity, sustainability, impact and cost of RT4T.
Methods and analysis  We will conduct a hybrid type 
III implementation–effectiveness trial involving grade 9 
and 10 (aged 14–16 years) students from 90 secondary 
schools in New South Wales (NSW), Australia. Schools 
will be recruited across one cohort in 2023, stratified 
by school type, socioeconomic status and location, and 
randomised in a 1:1:1 ratio to receive one of the following 
levels of implementation support: (1) ‘low’ (training and 
resources), (2) ‘moderate’ (training and resources+external 
support) or ‘high’ (training and resources+external 
support+equipment). Training includes a teacher workshop 
related to RT4T programme content (theory and practical 
sessions) and the related resources. Additional support 
will be provided by trained project officers from five 
local health districts. Equipment will consist of a pack of 
semiportable RT equipment (ie, weighted bars, dumbbells, 
resistance bands and inverted pull up bar stands) valued 

at ~$A1000 per school. Study outcomes will be assessed 
at baseline (T0), 6 months (T1) and 18 months (T2). A 
range of quantitative (teacher logs, observations and 
teacher surveys) and qualitative (semistructured interviews 
with teachers) methods will be used to assess primary 
(reach) and secondary outcomes (dose delivered, fidelity, 
sustainability, impact and cost of RT4T). Quantitative 
analyses will use logistic mixed models for dichotomous 
outcomes, and ordinal or linear mixed effects regression 
models for continuous outcomes, with alpha levels set at 
p<0.025 for the outcomes and cost comparisons of the 
moderate and high support arms against the low support 
arm.
Ethics and dissemination  Ethics approval has been 
obtained from the University of Newcastle (H-2021-0418), 
the NSW Department of Education (SERAP:2022215), 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Our study will test three implementation support 
models on a range of implementation outcomes and 
determinants using a hybrid type III implementa-
tion–effectiveness trial.

	⇒ Local health district staff (ie, project officers) are 
well placed to support the implementation of school-
based interventions, but few studies have examined 
their capacity to support secondary schools.

	⇒ There is potential for secondary school teachers 
to deliver Resistance Training for Teens with poor 
fidelity.

	⇒ Our study does not include a control condition, but 
the low support group will serve as a ‘usual practice’ 
comparator.

	⇒ Student-level data will only be collected in a subset 
of schools by secondary teachers, which may com-
promise internal validity.
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Hunter New England Human Research Ethics Committee (2023/
ETH00052) and the Catholic Schools Office. The design, conduct and 
reporting will adhere to the Consolidated Standards of Reporting Trials 
statement, the Standards for Reporting Implementation Studies statement 
and the Template for Intervention Description and Replication checklist. 
Findings will be published in open access peer-reviewed journals, key 
stakeholders will be provided with a detailed report. We will support 
ongoing dissemination of RT4T in Australian schools via professional 
learning for teachers.
Trial registration number  ACTRN12622000861752.

INTRODUCTION
Physical inactivity has been described as a global health 
issue and is the fourth leading cause of premature death 
worldwide.1 The WHO recommends children and adoles-
cents participate in 60 min of (predominantly aerobic) 
moderate-to-vigorous physical activity (MVPA) daily, as 
well as muscle strengthening activity at least 3 days per 
week.2 Despite these recommendations, physical activity 
declines substantially throughout adolescence, resulting 
in many adolescents failing to meet daily physical activity 
guidelines.3 Fewer than 1 in 50 Australian adolescents 
(15–17 years old) meet MVPA and muscle strengthening 
activity recommendations.4 Poor rates of muscle strength-
ening activity may explain the secular decline in muscular 
fitness (ie, strength, power and endurance) of Austra-
lian youth over the past 30 years,5 with a similar decline 
seen internationally.6 7 Muscular fitness is associated with 
various markers of health and well-being among children 
and adolescents in both cross-sectional8 and prospective9 
studies. This prompted our team to investigate the key 
role of muscle strengthening activity during the school 
years.

Resistance training (RT) is a specialised form of 
muscle strengthening activity. It can be performed with 
or without equipment using a variety of resistive loads, 
and in a range of settings (eg, at home, school, local park 
or gym/fitness centre).10 When performed routinely, 
RT may lead to muscle hypertrophy (ie, increase in 
muscle size), improved muscular fitness (ie, muscle 
strength, power and/or endurance), body composi-
tion (ie, increases in fat-free mass and reductions in fat 
mass) and mental health (ie, self-esteem) in school-aged 
youth.11 RT is also recommended within global physical 
activity guidelines for adults,1 as it benefits a wide range 
of physical and mental health outcomes (including risk 
of chronic disease and depression/anxiety). However, the 
performance of RT is often perceived as more complex 
than aerobic activities (eg, walking and jogging). This 
may explain why participation in RT is much lower than 
for MVPA during adulthood.2 Gaining the knowledge, 
skills and confidence to participate in RT sets children 
and adolescents up for participation in RT across the 
lifespan.12 However, for decades, a number of myths and 
misconceptions about the safety and appropriateness of 
strength training have prevented it from being offered 
to most school-aged youth.12 Furthermore, among adults, 
there are a number of reported barriers to participation 

in RT, including lack of confidence,13 low self-efficacy,13 
lack of time14 and perceived lack of access to necessary 
equipment.14 These barriers may also be present for 
adolescents, as they likely lack the knowledge, skills and/
or confidence to engage in RT despite their desire to try a 
broader range of physical activities.15 It is therefore neces-
sary that adolescents are provided with ample opportuni-
ties to develop the skills, knowledge and confidence to 
engage in RT.

Schools are effective settings for health promotion as 
they provide access to most children and adolescents, and 
have the facilities, equipment and qualified staff needed 
to deliver interventions.16–18 However, few school-based 
interventions provided adolescents with the confidence 
and competence to participate safely in RT19 and no prior 
studies have done so at scale.19 20 ‘Scale-up’ is defined as 
the ‘deliberate effort to increase the impact of successfully 
tested health interventions to benefit more people’.21 Few 
physical activity interventions have progressed beyond 
efficacy testing and no studies investigating scaled up RT 
interventions among secondary students appear within 
the extant literature.22 The WHO has advised policy-
makers, funders and researchers to focus their efforts on 
scaling up evidence-based physical activity programmes 
while exploring various models of implementation.23 
Prior to investing in scale-up, evaluating the effectiveness 
of models of implementation to inform future scale-up 
is necessary to guide the efficient use of resources. 
‘Voltage drop’ refers to diminishing effectiveness when 
programmes are implemented at larger scale.24 25 Eval-
uating different models of implementation will help to 
minimise this phenomenon.

Resistance Training for Teens (RT4T) is an evidence-
based programme designed to provide adolescents with 
foundational knowledge about RT and enhance compe-
tence, confidence and motivation to engage in RT across 
the lifespan. It was also designed to align with the Australian 
Curriculum for Health and Physical Education to develop 
the movement skills and concepts that will enable students 
to participate in physical activities that contribute to their 
health and well-being.26 We conducted a rigorous evalua-
tion of the RT4T intervention using a cluster randomised 
controlled trial in 16 schools (n=607) between 2015 and 
2016.27 The intervention resulted in immediate and 
sustained improvements in upper body muscular fitness 
and RT skill competency, demonstrating an effective 
and scalable approach to delivering RT within secondary 
schools. During this period, we established a partnership 
with the New South Wales (NSW) Department of Educa-
tion to scale-up the programme. With support from the 
NSW Department of Education, 468 teachers from 249 
NSW Government schools were trained to deliver the 
programme.27 We estimate that the programme reached 
~10 000 students between August 2015 and October 2020. 
However, interviews conducted with a sample of teachers 
(n=19) who delivered RT4T, identified considerable vari-
ability in programme delivery. Also, several barriers to 
implementation emerged that included lack of support, 
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motivation and time,28 impacting on programme fidelity 
and potential sustainability.

Implementation support, typically used for school 
physical activity programmes, is often criticised as being a 
‘train and forget’ model. It comprises initial training work-
shops followed by limited ongoing support for schools. 
This approach is unlikely to address the primary imped-
iments to programme implementation, but may explain 
some shortcomings in whether evidence-based health 
promotion programmes are adopted, implemented or 
maintained within schools. The most effective approach 
that optimises implementation fidelity and may sustain 
efficacious programmes over the longer term remains 
unclear.29 Therefore, the aim of the present trial is to eval-
uate the effects of three implementation support models 
on the reach, effectiveness, dose delivered, fidelity, adop-
tion, sustainability, impact and cost of RT4T.

METHODS
Experimental design
We will use a hybrid type III implementation–effective-
ness trial design30 to evaluate the implementation and 
effectiveness of the RT4T intervention. We aim to recruit 
90 secondary schools and randomise them to one of three 
groups: (1) low, (2) moderate or (3) high implementa-
tion support. The low support group will act as a control 
group (usual practice). This is the professional develop-
ment model traditionally used by the NSW Department 
of Education and the delivery model used for RT4T from 
2015 to 2020. In Australia, the academic year is sepa-
rated into four ‘terms’ of 10 weeks duration. Following 
training, teachers enrolled in our study will deliver the 
8-week RT4T intervention within one (or more) of two 
school terms (ie, within 6 months post-training). This 
provides teachers with some flexibility regarding the 
delivery period for RT4T within their academic year.

Regarding the timeline for the evaluation of the 
intervention, study assessments are undertaken at base-
line, 6-month and 18-month follow-up. Teachers will be 
encouraged to continue delivering the programme after 
our research has concluded. Our implementation trial is 
guided by expert recommendations31 and is registered 
with the Australian New Zealand Clinical Trials Registry 
(ACTRN12622000861752). The design, conduct and 
reporting will adhere to the Consolidated Standards of 
Reporting Trials32 statement, the Standards for Reporting 
Implementation Studies33 statement and the Template 
for Intervention Description and Replication checklist.34

School recruitment and selection
Secondary schools (government, Catholic and inde-
pendent) in five local health districts in NSW (Illawarra 
Shoalhaven, Northern NSW, South Eastern Sydney, 
Sydney and Western NSW) will be eligible to participate 
in this study. Schools outside these districts will be able 
to attend the professional learning workshops and imple-
ment RT4T, but will not be included in the study to assess 

implementation outcomes. Eligible schools will be those 
that include students in grades 9 and 10 (aged 14–16 
years). We will use a range of evidence-based recruitment 
and retention strategies to maximise participation and 
minimise dropout (at both school and teacher levels), 
including promotion within the NSW Department of 
Education School Sport Unit newsletter. This will include 
prenotification, the use of a dedicated recruitment coor-
dinator, repeated reminders and deployment of staff from 
local health promotion teams to engage with schools.

Participants
Teachers
One or two teachers from each enrolled school who 
teach students in grades 9 and 10 will be recruited to act 
as a ‘school champion’. They will attend a single full-day 
professional learning workshop delivered by members of 
the research team with tertiary qualifications in physical 
education (PE), health promotion, exercise physiology 
and/or strength and conditioning. School champions 
will receive curriculum materials and resources at the 
workshop and will be asked to deliver a separate 2-hour 
training for other grade 9 and 10 teachers at their schools, 
who also have the option to implement the programme 
with their classes. Teachers can deliver the RT4T sessions 
to their students during usual PE lessons, co-curricular 
school sport periods or within an elective subject known as 
Physical Activity and Sports Studies. Professional learning 
will align with the NSW Educational Standards Authority 
accreditation process. Lastly, the learning will contribute 
to teachers’ required annual training hours.35 36

Students
Secondary students in grades 9 and 10 (aged 14–16 years) 
enrolled in the study schools will be eligible to partici-
pate. The target population has been selected as this is 
the period during which students start to drop out of 
organised sport and can benefit from exposure to life-
long physical activities37 such as RT.

Primary and secondary outcomes
A range of quantitative and qualitative methods will be 
used to assess primary and secondary outcomes at baseline 
(T0), 6-month (T1) and 18-month follow-up (T2). Our 
primary outcome is reach, operationalised as the propor-
tion of grade 9 and 10 students from the study schools 
who participate in the RT4T programme. The proportion 
will be calculated as a percentage of students from grades 
9 and 10 who participate in ≥50% of the RT4T practical 
sessions divided by the total number of students in grades 9 
and 10 at the study schools. Secondary outcome measures 
include dose delivered, fidelity, sustainability, impact, 
cost-effectiveness and implementation determinants.

Sample size calculation
We aim to recruit 90 secondary schools, with 30 schools 
assigned to each of the three treatment arms. This will 
include an estimated 261 classes and n=~7800 students 
across the three arms of the trial. Based on our previous 
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research in secondary schools, we estimate 20% of schools 
will not provide usable data for our primary outcome at 
follow-up. As few studies have tested the effects of imple-
mentation strategies on the reach of the school-based 
physical activity interventions, there is little information 
to guide power calculations. Therefore, we estimated that 
the low support group will achieve 12.5% reach, while 
both the moderate and high support groups will achieve 
25% reach (ie, between-group difference of 12.5%). Our 
power calculation is based on 90% power, type 1 error rate 
of 0.025 and SD of 12%. For the continuous secondary 
student effectiveness outcomes, we assumed an intraclass 
correlation coefficient estimate of 0.2. If 10% of schools 
provide usable data (~780 students), our study will have 
80% power to detect significant small-to-moderate effects 
between the treatment arms.

Blinding and randomisation
After teachers have completed the RT4T workshop, 
schools will be randomised to one of three implemen-
tation support arms. Schools will be stratified by school 
type, socioeconomic status and location and randomised 
using a random number producing algorithm by an inde-
pendent statistical analysis service. Data analysis will be 
conducted by individuals blinded to group allocation.

Evidence-based intervention
RT4T is an 8-week multicomponent physical activity 
programme, including practical and theory-based lessons 
designed to develop adolescents’ knowledge, compe-
tence, confidence and motivation to participate in muscle 
strengthening activity. The design and delivery of RT4T 
is guided by the Supportive, Active, Autonomous, Fair 
and Enjoyable (SAAFE) principles for organised phys-
ical activity sessions for school-aged youth.38 The training 
sessions and progressions were revised based on the Youth 
Physical Development Centre Basic Resistance Training 
Curriculum developed by Radnor et al.39

The RT4T programme includes four major compo-
nents: (1) school-based RT sessions (delivered by 
teachers); (2) theoretical classroom sessions (delivered 
by teachers); (3) a smartphone and tablet app (used by 
students/teachers) and (4) energiser breaks (used by 
teacher during theoretical sessions).

School-based RT sessions
Teachers will deliver the RT4T programme during their 
usual PE lessons, co-curricular school sport or Physical 
Activity and Sports Studies lessons. The RT4T practical 
sessions include four subcomponents: (1) movement 
based dynamic warm-up (5 min), (2) RT skill develop-
ment (GymFit: 15–20 min) focused on five RT movement 
categories (ie, upper body push, upper body pull, lower 
body bilateral, lower body spilt and core stability), (3) 
choice of three different types of muscle strengthening 
activities: a fitness workout of the day (WOD), modified 
game with fitness infusion (GameFit), or a fun fitness 
challenge done to music (FunFit) (15–20 min); and 

(4) cool down and static stretching (StretchFit: 5 min). 
Practical sessions will be supported using a variety of 
resources, including exercise cards (see figure 1) and the 
RT4T smartphone and tablet app (see figure 2). Teachers 
will be also provided with a handbook that includes all 
the practical activities and theoretical content.

Figure 1  Resistance Training for Teens exercise cards (front 
and back side).

Figure 2  Resistance Training for Teens app.
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Theoretical classroom-based lessons
Students will receive 8×40 min theory-based lessons that 
accompany weekly practical lessons. Content is purpose-
fully aligned with the Australian curriculum for Health 
and Physical Education40 and Australian Physical Literacy 
Framework.41 The lesson topics are generally relevant to 
RT and adolescent health. Topics include: (1) introduc-
tion to RT, (2) fitness, self-assessment and self-monitoring, 
(3) fitness and e-Health technologies, (4) principles of 
training and RT programme design, (5) nutrition and 
RT: myths and recommendations, (6) social media, phys-
ical activity and body image, (7) yoga, Pilates and other 
community-based muscle strengthening activity and (8) 
reviewing fitness outcomes and realigning future goals.

Smartphone and tablet app
We have developed and updated IOS and Android 
versions of the RT4T smartphone and tablet app to 
support teachers to implement the programme (see 
figure  2). Use of the app is optional and includes: (1) 
fitness testing, (2) evaluating RT skill competence, (3) 
pre-designed or customisable RT workouts and (4) an 
exercise library enabling users to browse bodyweight 
exercises organised by the five RT movement categories.

Implementation strategies that support teachers to deliver 
RT4T
We will assess whether implementation strategies can be 
implemented effectively across three study arms that offer 
implementation support. We define implementation strat-
egies as methods or techniques used to enhance adoption, 
implementation or sustainability of the evidence-based 
intervention.42 Study arms are (1) low support or ‘usual 
practice’ (training and resources), (2) moderate support 
(training and resources+external support) and (3) high 
support (training and resources+external support+equip-
ment) (see table  1). Implementation strategies were 
codeveloped with our partners in the NSW Department 
of Education and NSW local health districts and guided 
by findings from our previous dissemination study.28 
Our strategies align with the taxonomy of strategies as 
described by Proctor et al.42

Implementation framework and strategies
Our approach is guided by the Consolidated Framework 
for Implementation Research (CFIR), which describes 
constructs across five domains: (1) intervention charac-
teristics (RT4T), (2) outer settings (NSW Department of 
Education), (3) inner setting (schools), (4) individual 
(student/teacher) characteristics and (5) the process 
of implementation.43 We describe relevant implementa-
tion strategies in table 1. We categorised implementation 
strategies as per the CFIR constructs and specified their 
usage using the Action, Actor, Context, Target, Time 
framework.44

Professional learning for teachers
The school champion will complete a 30 min online 
course prior to programme delivery. This will include 

modules covering foundational principles of RT and 
specific safety recommendations to deliver RT to school-
aged youth. Following initial completion of the online 
learning, the school champion will attend a single full-day 
workshop covering the background/rationale, structure 
and implementation of the RT4T programme, delivered 
by members of the research team with relevant exper-
tise in PE, health promotion, exercise physiology and 
strength and conditioning.

School champions will be asked to attend the profes-
sional learning workshop and deliver a compressed 
training module to other grade 9 and 10 teachers within 
their schools. The compressed module comprises a train-
the-trainer approach that is supported by resources (ie, 
presentation slides) provided by the research team. Our 
goal is to enable all interested and eligible teachers to 
deliver the RT4T programme to maximise the reach of the 
RT4T programme across the eligible student population.

Project officers
The project officers from five local health districts will 
participate in a full-day training delivered by the research 
team. The training will be focused on the following: 
(1) RT4T programme content, (2) strategies to support 
teachers, (3) project officer roles and responsibilities 
and (4) how to assess fidelity of the RT4T programme. 
Following the teacher workshop, schools randomised 
to the moderate and high support groups will receive 
external support from project officers. Project officers 
with relevant qualifications in PE, health promotion, 
exercise physiology and/or strength and conditioning 
will observe teachers’ implementation of the RT4T prac-
tical sessions, provide ongoing support and address the 
various barriers to programme implementation.

Materials and equipment
All participating schools will receive approximately 100 
hardcopy exercise cards to use during practical sessions 
(see figure 1). Schools allocated to the high implementa-
tion support group will also receive a basic RT equipment 
pack. Each equipment pack will include a variety of low 
cost, versatile exercise equipment (ie, 4x resistance bands 
set, 4x 3 kg dumbbells, 4x 5 kg weighted bar and 2x pull 
up bar stand).

Measures and data collection
Quantitative assessments will be conducted at baseline (T0), 
6 months (post intervention; T1) and 18 months (1 year post 
intervention; T2). Teachers will complete an online survey 
(T0, T1 and T2). Personal Development, Health, and Phys-
ical Education Heads of Department (20%, n=18) and 
School champions (20%, n=18) will be invited to participate 
in face to face or virtual interviews (T1 and T2).

Implementation evaluation
Implementation outcomes are the effects of delib-
erate actions to deliver new policies, programmes and 
services.45 46
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Primary implementation outcome
Reach
Our primary outcome is reach, operationalised as the 
proportion of grade 9 and 10 students from the study 
schools who participate in the RT4T programme. The 
proportion will be calculated as a percentage of students 
from grades 9 and 10 who participate in ≥50% of the RT4T 
practical sessions divided by the total number of students in 
grades 9 and 10. We will assess reach by collecting teacher 
logbooks (ie, attendance lists) at T1 and T2. We have used 
logbooks previously in school-based health promotion 
trials47 48 and achieved high completion rates, high validity 
and reliability.49 A research team member will request that 
school champions provide a copy of teacher logbooks.

Secondary implementation outcomes
Representativeness
We will collect representativeness data (ie, School Index 
of Community Socio-Educational Advantage value, indig-
enous students (%) and students with language back-
grounds other than English (%)) at the school level using 
the My School website. This information will be reported 
descriptively.

Dose delivered
Dose delivered is the number of RT4T practical and 
theory lessons delivered to students. Teachers will be 
asked to record this information in the RT4T teacher 
handbooks.

Fidelity
Project officers will observe approximately two RT4T prac-
tical sessions delivered by a teacher per school (moderate 
and high support arms) (total observations n= ~120). The 
research team will observe approximately one RT4T prac-
tical session from 50% of the schools allocated to the low 
support arm (total observations n= ~15). Session fidelity 
will be assessed by completing an observation checklist 
that describes the RT4T structure and process (eg, did 
the teacher include a warm-up?) and to what extent they 
implemented the SAAFE principles (eg, teacher was 
supportive and promoted positive student interactions, 
with answer options ranging from 1=‘strongly disagree’ to 
4=‘strongly agree’).

Sustainability
We define sustainability as the extent to which the 
programme is embedded within school practices. It will 
be assessed in two ways. First, through an interview with 
the Personal Development, Health, and Physical Educa-
tion, Head of Department (at T2). Second, school cham-
pions will be asked to complete the Provider Report of 
Sustainment Scale sustainability tool.50 The tool is a brief, 
pragmatic and generalisable three-item measure for 
front-line service providers. It assesses evidenced-based 
practice in different settings and has been shown to be a 
valid measure of sustainability.

Implementation determinants
We define implementation determinants as factors 
believed or empirically shown to influence implemen-
tation outcomes.51 We will assess the following deter-
minants: culture, acceptability, feasibility, adaptability, 
compatibility (appropriateness), dose (satisfaction), capa-
bility, opportunity and motivation using a teacher survey 
(~20 min). This survey has not been used previously; 
however, it is based on a body of literature per different 
implementation outcomes including (n=number of 
survey items): participation in muscle strengthening exer-
cise (6)52 culture (1),53 acceptability (1), feasibility (1), 
compatibility (appropriateness) (1),54 adaptability (3), 
dose (satisfaction) (2),55 capability (4), opportunity (5) 
and motivation (4).56 All school champions will complete 
the questionnaire and will advise other teachers deliv-
ering the programme within their school to do the same. 
The research team will send reminders for survey comple-
tion to all teachers at 6-month and 18-month follow-up.

Impact evaluation
Student-level outcome data will be collected from a 
convenience sample of students who provide informed 
parental consent. We anticipate that 10% of the sample 
will provide usable data (n~780 students). Fitness testing, 
participation in muscle strengthening activity and RT skill 
competency will be assessed using the RT4T app. The 
tablet version of the app (adapted from the ‘Burn 2 Learn’ 
programme)57 will be used by teachers to assess students’ 
fitness, student’s participation in muscle strength-
ening activity and RT skill competency. We will evaluate 
upper body muscular endurance using the 90° push-up 
test.58 Isometric abdominal muscular endurance will be 
measured using the plank hold test.59 Standing long jump 
will assess muscular power, 1 min sit to stand will assess 
lower body muscular endurance and the 10×5 m shuttle 
run will assess speed and agility. These fitness assessments 
are integrated into the RT4T programme and conducted 
by the teachers at the start (week 1) and at the end (week 
8) of the 8-week intervention period.

Patient and public involvement
The NSW Department of Health, NSW local health 
districts, secondary school teachers and students were 
involved in the design of the RT4T intervention.

Statistical analysis
Statistical analyses will be conducted by an independent 
statistical analysis service—Clinical Research Design, 
Information Technology and Statistical Support from 
Hunter Medical Research Institute. Analyses of the 
primary (programme reach) and secondary outcomes 
will be conducted using logistic mixed models (SAS 
Institute, Cary, North Carolina, USA) for dichotomous 
outcomes, and ordinal or linear mixed effects regression 
models for continuous outcomes. The primary outcome 
(ie, reach) will be collected at the school level and 
assessed using t-tests. Alpha levels will be set at p<0.025 
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for the comparisons of the moderate and high support 
arms against the low support arm. If the p values for the 
differences between the moderate and high support 
arms with the low support arm reach this threshold, the 
moderate and high support arms will be compared at a 
5% significance threshold. For student-level outcomes, 
statistical analyses will be adjusted for the clustering of 
effects at the class level, as students from each school 
are nested in classes. Although clustering at the school 
level is negligible after adjusting for clustering at the class 
level, we will test this assumption and adjust our analyses 
for school-level clustering if required. For teacher-level 
outcomes, clustering will be accounted for at the school 
level. Two potential moderators of effects will be explored 
using interaction terms (ie, socioeconomic status of 
school and school location). School socioeconomic status 
will be determined using the Index of Community Socio-
Educational Advantage (ICSEA), which will be obtained 
from the MySchool website.60 School ICSEA values are 
determined using student-level parent occupation and 
education data, school location (ie, remoteness), and 
percentage of indigenous student enrolment.

Data monitoring
All entered data will be deidentified using participant 
codes and stored in a password-protected drive at the 
University of Newcastle. Data will be checked for implau-
sible values, and 20% of the data will be entered two 
times to confirm accuracy. It is not expected that partic-
ipants will be exposed to greater risk of adverse events 
than they would be when participating in other types of 
school-based physical activity. However, the teacher hand-
book includes a section for teachers to report any adverse 
events that may occur. Any adverse events will be docu-
mented and reported to the relevant ethics committee. 
Any amendments to the study protocols will be publicly 
available via the Australian and New Zealand Clinical 
Trials Registry (trial number: ACTRN12622000861752).

Economic evaluation
The economic evaluation will assess the costs and conse-
quences of the RT4T programme across the three trial 
arms and will also include a budget impact analysis. The 
results of the cost–consequence analysis are presented as 
a scorecard comprising the total incremental cost of deliv-
ering the intervention alongside the range of outcomes 
reflected in the primary and secondary trial outcomes 
(consequences). This approach allows decision-makers to 
interpret the costs and outcomes of an intervention in a 
way that is relevant to their decision-making context.

Costs comprise the resource use associated with the 
intervention and implementation, while research costs 
are excluded. The opportunity cost for teacher and staff 
time will be prospectively measured and valued using pro 
rata Department of Education salary levels. The implicit 
cost of the spaces used to conduct the intervention will 
also be reported, as well as equipment costs. The budget 
impact analysis will be conducted to estimate the cost of 

scaling up the intervention across NSW and Australia. 
Consideration will be given to any cost offsets which 
would result from the scaling up of the intervention.

ETHICS AND DISSEMINATION
Ethics approval has been obtained from the University of 
Newcastle (H-2021-0418), the NSW Department of Educa-
tion (SERAP:2022215), Hunter New England Human 
Research Ethics Committee (2023/ETH00052) and the 
Catholic Schools Office. Students attending schools where 
the programme is delivered within the five local health 
districts will require parental consent for their fitness data 
to be recorded within the RT4T app. Students attending 
schools outside the five indicated local health districts will 
need to provide opt-out consent if they do not want their 
fitness data collected within the RT4T app. Our findings 
will be published in open access peer-reviewed journals. 
We will provide the NSW Department of Education, NSW 
Ministry of Health and all participating schools with a 
detailed report of our study findings. We will support 
ongoing dissemination of RT4T in NSW and beyond via a 
series of professional learning workshops.

DISCUSSION
Few school-based interventions provide adolescents with 
the confidence and competence to participate safely in 
RT and no prior studies have done so at scale.19 RT4T 
is an evidence-based programme designed to provide 
adolescents with the competence, confidence, knowledge 
and motivation to engage in RT throughout their life-
time. Importantly, RT4T was developed with scale-up in 
mind using the Consolidated Framework for Implemen-
tation Research (CFIR) to guide implementation.

Our study fills an important gap regarding the scale-up 
of effective school-based physical activity interventions.61 
Despite the large number of school-based efficacy and 
effectiveness trials, there is still only a small number of 
dissemination and implementation trials that have been 
conducted. As such, little is known regarding the strat-
egies to support the implementation of physical activity 
programmes in schools. While the health benefits are 
well-established, there is a lack of school-based interven-
tions supporting adolescents’ safe participation in struc-
tured RT. This research will have widespread population 
health benefits as we leverage relationships through part-
nerships with local health district project officers and 
schools to increase programme scale-up.

However, there are limitations that should be noted. 
First, our study does not include a control group. However, 
the low implementation support group will serve as the 
RT4T ‘usual practice’ comparator. Second, our expanded 
delivery method is reliant on a ‘train-the-trainer’ model, 
and increasing the number of schools involved will help 
to determine feasibility across varying school contexts. 
Considering this, there is a risk of compromised fidelity 
to the intervention. Finally, regarding the effectiveness 
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evaluation, there is a risk of measurement bias influencing 
internal validity with only a subset of schools providing 
student-level data, which is to be collected by secondary 
teachers.
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