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Abstract 

Background: We aimed to: (1) identify school-level factors associated with the sustainment of weekly physical activ-
ity (PA) scheduled in elementary schools following withdrawal of effective implementation support; and (2) deter-
mine teacher’s perceived usefulness of suggested strategies for sustaining the scheduling of weekly PA.

Methods: A secondary exploratory analysis was employed of data from the intervention arm (n = 31 schools) of a 
randomised controlled trial. Self-report survey data from 134 classroom teachers in New South Wales, Australia, col-
lected following withdrawal of initial implementation support (follow-up T1) and six-months following completion of 
support (follow-up T2) were used. The outcomes of sustainment of weekly overall PA and energisers (short classroom 
PA breaks) scheduled were measured via teachers’ completion of a daily activity logbook, with results presented as the 
difference in mean minutes of PA and energisers scheduled at T1 and T2. An adapted version of the Program Sustain-
ability Assessment Tool (PSAT) was used to measure capacity for program sustainability across seven key domains at 
follow-up T2. Linear mixed regressions were conducted to evaluate associations between school-level sociodemo-
graphic characteristics (e.g., school size, remoteness, and type), teacher-reported school factors (i.e., seven adapted 
PSAT domains) and the sustainment of PA and energisers scheduled across the school week. Perceived usefulness of 
14 proposed sustainability strategies was measured via the teacher survey at follow-up T2 and reported descriptively.

Results: No school-level factor was statistically associated with the sustainment of overall weekly PA or energisers 
scheduled. Teacher-reported factors in two PSAT domains – ‘strategic planning’ and ‘program evaluation’ were statisti-
cally negatively associated with the sustainment of weekly energisers scheduled (− 6.74, 95% CI: − 13.02; − 0.47, 
p = 0.036 and − 6.65, 95% CI: − 12.17; − 1.12, p = 0.019 respectively). The proposed support sustainability strategy 
– ‘provision of PA equipment packs that enable energisers or integrated lessons’ was perceived useful by the most 
teachers (85%).

Conclusions: Further research is required to explore additional contextual-specific, and end-user appropriate factors 
associated with schools’ sustainment of weekly PA scheduled. This will help accurately inform the development of 
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Background
To improve children’s physical activity (PA) levels, the 
World Health Organization (WHO) has recommended 
the implementation of policies which specify the mini-
mum amount of time schools are to deliver PA each 
week [1]. Systematic review evidence highlights the effec-
tiveness of school-based policies that increase student 
moderate-to-vigorous PA, for example through physical 
education (PE) or other structured PA at school [2, 3]. 
Accordingly, governments internationally including sev-
eral jurisdictions in Australia [4], Canada [5–7], Denmark 
[8], the United Kingdom [9] and the United States [10, 
11] have developed school-based PA policies or guide-
lines stipulating the minimum number of minutes PA is 
to be provided across the school week. Despite the exist-
ence of such policies, many schools fail to schedule the 
required minutes of PA stipulated by these policies with-
out external implementation support [5–14]. Numerous 
controlled trials have investigated strategies designed to 
facilitate schools’ delivery of PA interventions (e.g., cen-
tralise technical assistance and provide ongoing consul-
tation, identify and prepare school champions, develop, 
and distribute educational materials, and change physi-
cal structure and equipment) [12, 13, 15]. These stud-
ies found significant improvements in the scheduling 
of weekly PE or PA, congruent with respective policy 
guidelines.

If the long-term public health benefits of school PA 
interventions, such as the PA policies described above, 
are to be realised, their sustainment is essential [16, 17]. 
Sustainment has been defined as ‘the continued use or 
delivery of an intervention in practice following cessation 
of external implementation support’ [18, 19]. However, 
evidence suggests the continued delivery of public health 
interventions post withdrawal of active support can be a 
challenge [20, 21]. A recent systematic review examining 
the sustainment of school-based public health interven-
tions identified that none of the 18 included interventions 
were sustained in their entirety (i.e., all components) fol-
lowing the cessation of external implementation support 
(i.e., external start-up funding) [17]. Moreover, evidence 
suggests that when external implementation support for 
a health intervention is withdrawn, the quality of inter-
vention delivery may reduce or cease to be delivered alto-
gether, reducing its impact on desired health behaviours 
or outcomes [19, 20, 22].

To avoid attenuation of intervention effects and ensure 
ongoing, long-term delivery of PA by schools following 
withdrawal of active implementation support, strategies 
are needed to address key determinants of sustainment 
[21, 23, 24]. Understanding the specific determinants 
of intervention sustainment will enable researchers and 
practitioners to address barriers that impede long-term 
intervention delivery while also actively promoting fac-
tors that facilitate long-term delivery [17, 19–21]. Several 
systematic reviews highlight the possible determinants 
influencing the sustainment of health promoting inter-
ventions within the school setting [16, 17, 25]. For exam-
ple, the most recent review found the most frequently 
identified factors influencing intervention sustainment 
from qualitative and quantitative data across 31 articles 
were: ‘the availability of facilities or equipment’, ‘contin-
ued executive or leadership support present’, and ‘team 
cohesion, support, or teamwork’ [25].

While these reviews provide important information on 
the possible determinants of intervention sustainment 
within schools more broadly, none of the included stud-
ies used a sustainability-specific theoretical framework 
to prospectively assess the multi-level (i.e., school-level 
or teacher-reported) factors associated with the sus-
tainment of school-based health interventions. Conse-
quently, the factors identified are not always consistent 
or easily synthesised, partially due to the wide variation 
in framework terminology, methods and measures used 
to classify determinants of sustainment in individual 
studies [16, 25]. Theoretically informed studies using 
specified and validated measures of sustainability deter-
minants will enable accurate identification of determi-
nants associated with sustainment of PA interventions 
scheduled within the school setting [19, 21]. This will 
also help inform the development, tailoring, refinement, 
and empirical testing of appropriate strategies to support 
their sustainment [19]. Identifying such strategies is how-
ever not merely informed by targeting influential deter-
minants but understanding what sustainability strategies 
can be feasibly embedded within the school setting and 
succeed beyond the withdrawal of active implementa-
tion support. To ensure the longevity of such strategies 
and their effects on the longer-term maintenance and 
sustainment of weekly PA scheduled (i.e., > 6 months fol-
lowing cessation of implementation support), it is impor-
tant to identify which strategies are perceived as useful 

strategies to address these determinants and support the sustainment and long-term benefits of school-based health 
interventions more broadly.
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by end-users (i.e., classroom teachers) [19, 26]. If strat-
egies are not perceived as useful by end-users, they are 
less likely to be adhered to and less feasible to implement 
over time [26].

The current study contributes to improving our under-
standing of what is needed to support the sustainment 
of school-based interventions targeting PA scheduled by 
classroom teachers, once active support is withdrawn. 
Specifically, we aimed to: (1) identify school-level soci-
odemographic and teacher-reported school factors asso-
ciated with the sustainment of weekly PA scheduling in 
elementary schools following withdrawal of effective 
implementation support, using a comprehensive theo-
retical and validated measure of sustainability determi-
nants; and (2) determine teacher’s perceived usefulness 
of proposed sustainability strategies designed to support 
schools’ sustainment of weekly PA scheduled once deliv-
ery of the intervention had completed.

Methods
Context
This study reports on data from a cluster randomised 
controlled trial (RCT) which aimed to assess the effec-
tiveness of a multi-strategy intervention – ‘Physi‑
cally Active Children in Education (PACE)’. PACE was 
designed to support classroom teachers’ scheduling 
of PA across the school week, in line with a mandatory 
state-level PA policy [13, 27]. This policy requires pub-
lic schools in New South Wales (NSW) to incorporate 
150 minutes per week of moderate, with some vigorous, 
PA for students in kindergarten to Grade 10 [28]. This 
may be achieved by delivery of PE, sport, or structured 
activity such as energisers (3–5 minute structured class-
room PA breaks that require limited resource), and active 
lessons (PA integrated with other curricular subjects) 
[27–29]. To support schools’ delivery of the policy, PACE 
consisted of eight discrete implementation strategies that 
are described in detail elsewhere [12, 13, 27]. In sum-
mary, strategies included: centralise technical assistance 
and provide ongoing consultation, principal’s mandated 
change, identify and prepare school champions, develop 
implementation plans, conduct educational outreach vis-
its, develop, and distribute educational materials, capture 
and share local knowledge, and change physical struc-
ture and equipment. At 12-month follow-up (immedi-
ately after withdrawal of initial implementation support), 
teachers at intervention schools scheduled significantly 
more weekly minutes of PA (an average of 44.2 minutes) 
(95% CI 32.8; 55.7, p < 0.001) than the control group [13]. 
The area of greatest improvement was observed in the 
scheduling of energisers, contributing to 52% (23.1 min-
utes) of the overall increase in weekly minutes of PA 
scheduled [13].

Study design and setting
A secondary exploratory analysis was employed using 
data from two follow-up time points from the interven-
tion arm (n = 134 classroom teachers from 31 elemen-
tary schools) of the PACE effectiveness RCT delivered 
in the Hunter New England (HNE) region of NSW 
Australia. HNE is a demographically and geographi-
cally diverse region, covering an area of approximately 
130,000  km2 and including densely populated regions 
(i.e., metropolitan and regional hubs) as well as more 
geographically isolated areas (i.e., rural and remote 
locations) [30]. HNE is also socioeconomically diverse, 
with both areas of high wealth and areas of poverty 
[30]. The HNE region has a population of approximately 
40,847 elementary school-aged children 5–12 years 
[31], with primary schools operating, on average, from 
9 am to 3 pm Monday through Friday. Data for the cur-
rent study were collected at follow-up time point one 
(T1) immediately following cessation of PACE imple-
mentation support (i.e., post intervention delivery at 
12-months from baseline; October to December 2018), 
and follow-up time point two (T2) 6 months after 
PACE implementation support ended (i.e., 18-month 
following baseline; April to June 2019).

Ethical considerations
The PACE trial was prospectively registered with 
the Australian New Zealand Clinical Trials Regis-
try (ACTRN12617001265369). Ethical approval was 
obtained from the HNE Human Research Ethics Com-
mittee (no. 6/7/26/4.04), the Catholic Schools Office 
(no. 2012277), the University of Newcastle Human 
Research Ethics Committee (no. H-2008-0343), and 
NSW Department of Education (no. 2017184). This 
study conforms to the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
standards for reporting observational studies (see 
Additional file 1).

Participants and recruitment
All government and Catholic elementary schools in the 
study region were considered eligible if they were not 
currently participating in another PA intervention or 
did not cater exclusively for children requiring special-
ist care [13, 27]. School principals were provided with 
a study information package and asked to provide writ-
ten informed consent. Following principal consent, all 
classroom teachers were provided with a brief overview 
of the study purpose and invited to participate in a self-
report survey [27]. Completion of the teacher survey was 
deemed consent. Classroom teachers who completed a 
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paper survey at both time points were included in these 
analyses.

Measures
Outcomes

Difference in mean weekly minutes of PA and energis‑
ers scheduled between completion of PACE implemen‑
tation support and six‑months following completion of 
PACE: The primary outcome was the difference in 
mean minutes of PA scheduled by classroom teachers 
each day across the school week (i.e., 5 days) between 
follow-up T1 and follow-up T2. The outcome was meas-
ured via teacher’s completion of a daily activity logbook 
[27], which has established reliability and is frequently 
utilised in classroom-based obesity prevention interven-
tions with high response rates (i.e., > 80%) [32–34]. The 
logbook included the time and occasions PA was allo-
cated for PE, sport, energisers, or integrated lessons. 
Overall weekly PA was calculated by summing the time 
for each of these segments together. Data were included 
in the analyses if teachers provided complete data for 
the entire school week (i.e., 5 days). Reporting of the 
total number of minutes of PA for the week in excess of 
250 minutes were capped, as values above this amount 
were considered highly unlikely given the context of Aus-
tralian elementary schools and the Department of Educa-
tion’s guidance of minimum time required for delivering 
other key learning areas [35]. As a secondary outcome we 
examined the difference in the mean minutes of energis-
ers scheduled across the school week between follow-up 
T1 and follow-up T2, given the important contribution of 
energisers identified previously in increasing the overall 
scheduling of weekly PA [13].

Perceived usefulness of proposed strategies to support the 
sustainment of weekly PA scheduled following the with‑
drawal of implementation support: Teacher’s perceived 
usefulness of 14 proposed discrete strategies designed to 
support the sustainment of weekly PA scheduled, follow-
ing the withdrawal of PACE implementation support was 
assessed via the teacher survey at follow-up T2. Teach-
ers were asked to indicate how useful they perceived 
each strategy on a five-point Likert scale, ranging from 
(1) ‘not useful at all’ to (5) ‘extremely useful’. These pro-
posed strategies were developed by four implementa-
tion experts with school teaching experience, and four 
evaluation experts. Strategies were designed to address 
factors found to be influential to intervention sustain-
ment [16–19, 25, 26]. An expert advisory group consist-
ing of teachers, PA experts, implementation and evalua-
tion specialists and government policy makers reviewed 
the list to ensure that strategies were relevant, practical, 

and feasible to be delivered by the local health district 
responsible for supporting schools’ delivery of the NSW 
PA policy. It is recognised that strategies required to 
support longer-term maintenance and sustainment (i.e., 
> 6 months following withdrawal of support) may differ 
from those strategies required during active implementa-
tion and immediate maintenance (i.e., < 6 months) [26]. 
Therefore the objective of obtaining this information was 
to inform the development of future sustainability strate-
gies that may be required to support the ongoing, long-
term sustainment of PA scheduled by schools following 
cessation of the active implementation support of PACE.

Independent variables

School‑level sociodemographic determinants of sustain‑
ability: Detail regarding school type (i.e., government 
or Catholic), school size, and postcode (used to generate 
school Socio-Economic Indexes for Areas [SEIFA], and 
remoteness) was obtained from the ‘my schools’ website 
[36]. These school-level sociodemographic factors have 
been identified or theorised to impact on intervention 
sustainment [37].

Classroom teacher demographics: Classroom teacher 
demographic data were collected through the paper-
based teacher surveys. Teachers were asked; age (in 
years), sex, grade level taught, if they were a specialist PE 
teacher, if they job share with another teacher (i.e., share 
one contract and split teaching of the same class with 
another teacher), their employment status (permanent, 
part-time, temporary, and casual), years teaching experi-
ence, and whether their school had a PA plan or policy.

Teacher‑reported school determinants of sustain‑
ability: Teacher-reported school factors theorised to 
impact on the sustainment of weekly PA scheduled were 
measured using the Program Sustainability Assessment 
Tool (PSAT). The PSAT is a measure of a public health 
program’s capacity for sustainability and was designed 
to evaluate important determinants that impact on the 
continued delivery of public health programs [38]. We 
recently adapted and psychometrically evaluated the 
PSAT for use in the elementary school setting (details 
published elsewhere) [39], which was then used in the 
current study. The adapted PSAT consists of 26-items 
across seven domains theorised to impact on program 
sustainment in the context of elementary schools, and 
include: strategic planning (3 items), environmental sup-
port (5 items), program adaptation (3 items), organisa-
tional capacity (5 items), program evaluation (3 items), 
funding stability (4 items) and communications (3 items) 
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[39] (see Additional file 2). The domains used in the cur-
rent study reflect the same domains identified in the 
confirmatory factor analysis conducted in the validation 
paper [39]. These factors were measured from the per-
spective of classroom teachers via the survey at follow-up 
T2.

The adapted PSAT showed strong evidence of internal 
reliability, with Cronbach’s alpha values ranging from 0.77 
to 0.92 [39]. However, evidence for structural validity was 
mixed and was lacking for convergent validity [39]. The 
adapted PSAT was included in the follow-up T2 survey. 
Using a seven-point Likert scale ranging from ‘strongly 
disagree’ (1) to ‘strongly agree’ (7), teachers were asked to 
indicate their level of agreement with each item relating 
to program sustainability. Domain scores were calculated 
by summing the items in each of the PSAT domains and 
dividing by the number of non-missing items. Domain 
scores were only calculated for teachers who answered a 
minimum of 50% of items from each domain. Domains 
with lower average scores indicated areas where capacity 
for sustainability could be improved [38].

Statistical analysis
All analyses were performed in SAS version 9.3 (SAS 
Institute, Cary, North Carolina, USA). Descriptive sta-
tistics, including means, standard deviations (SD), medi-
ans and quartiles (Q1 and Q3) for continuous data, and 
frequencies and percentages for categorical data, were 
used to describe school and classroom teacher character-
istics (see Tables 1 and 2). School postcode was used to 
categorize school locality as either ‘rural’ (outer regional, 

Table 1 Demographic characteristics of participating schools

Demographic characteristic Total (n)

Total schools n = 31
School size (mean no. of students), n (sd) 282.10 (145.07)

Range of classrooms per school (median), (mini-
mum; maximum)

10 (3; 22)

School type, n (%)
 Government 21 (67.74%)

 Catholic 10 (32.26%)

Socio-economic Indexes for Areas (SEIFA), n (%)
 Most disadvantaged 20 (64.52%)

 Least disadvantaged 11 (35.48%)

Remoteness, n (%)
 Inner / outer regional Australia 13 (41.94%)

 Major cities of Australia 18 (58.06%)

Table 2 Demographic characteristics of teachers completing both time points and those excluded from the analyses

a Totals may not equal total sample size due to missing values

Demographic characteristic Total included (n) Total excluded (n) p-value

Total classroom teachers n = 99 n = 35
Age (mean), yrs (sd)a 40.82 (10.38) 41.00 (11.51) 0.64

Sex, n (%)a

 Male 17 (17%) 3 (9%) 0.38

 Female 81 (83%) 32 (91%)

Teaching role, n (%)a

 Yes 98 (100%) 30 (97%) 0.92

 No 0 (0%) 1 (3%)

Specialist PE teacher, n (%)a

 Yes 4 (4%) 0 (0%) 0.97

 No 92 (96%) 32 (100%)

Job share, n (%)a

 Yes 18 (19%) 8 (26%) 0.19

 No 79 (81%) 23 (74%)

Employment status, n (%)a

 Full time 85 (88%) 30 (94%) 0.49

 Part time/Casual 12 (12%) 2 (6%)

Number of years teaching (mean), n (sd)a 15.06 (10.32) 15.00 (9.83) 0.76

School PA policy, n (%)a

 Yes 68 (84%) 23 (85%) 0.38

 No 13 (16%) 4 (15%)
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remote, and very remote areas) or ‘urban’ (regional cit-
ies and inner regional areas) based upon the Australian 
Bureau of Statistics Australian Statistical Geography 
Standard [40]. Schools with postcodes in the top 50% of 
NSW postcodes, based on the disadvantage index of the 
Australian Bureau of Statistics SEIFA, were categorized 
as ‘higher socio-economic areas’, while those in the lower 
50% were categorized as ‘lower socio-economic areas’ 
[40].

Aim 1: factors associated with the sustainment of weekly PA 
scheduling
The difference in mean weekly minutes of PA and ener-
gisers scheduled between follow-up T1 and T2 were 
calculated and represented the dependent variable (see 
Table  3). An increase in the scheduled minutes of PA 
and energisers was represented by a positive difference 
between time points, indicating sustained delivery of PA 
or energisers. Linear mixed regression analyses examined 
the associations between school-level sociodemographic 
factors (i.e., school size, SEIFA, remoteness, and type) 
and classroom teacher-reported factors (i.e., having a 
school PA plan or policy, and each PSAT domain scores) 
with the sustainment of overall PA (primary outcome) 
and energisers (secondary outcome) scheduled across 
the school week. The linear mixed regression models 
included a random intercept for school to account for 
the clustered sample and were adjusted for potential 
confounders (years of teaching, whether teacher was 
PE trained and employed full time) by including them 
as fixed effects. The unadjusted and adjusted regression 

coefficients and their corresponding 95% confidence 
intervals (CI) are presented in Table  4, including the 
p-value from the adjusted model. An alpha level of 5% 
was used to determine a significant association between 
factors and the level of sustainment of overall weekly PA 
and energisers scheduled.

Aim 2: perceived usefulness of proposed sustainability 
strategies
Descriptive statistics were used to describe the propor-
tion of teachers that indicated whether each strategy 
was perceived as ‘useful’ for sustaining the scheduling 
of weekly PA (collapsed survey responses of ‘useful’ and 
‘extremely useful’). Strategies were ranked from high-
est to lowest frequency, in order to determine the most 
useful sustainability strategies perceived by teachers (see 
Table 5).

Results
Participation and sample characteristics
School and teacher demographic data are provided in 
Tables 1 and 2. Of the 31 participating schools, 134 class-
room teachers completed surveys at both follow-up time 
points (T1 and T2). Of these, 110 teachers (82%) pro-
vided valid scheduling data across both time points (i.e., 
5 days), and 99 teachers (74%) provided both valid sched-
uling and PSAT data, and thus were included in the anal-
yses (see Table  2). There were no significant differences 
in the demographic characteristics of teachers with valid 
scheduling and PSAT data (n = 99), and those excluded 
from the analyses (n = 35) (see Table 2). Of teachers with 
valid data, 83% were female with a mean age of 40.82 
(SD = 10.38) years.

On average, from follow-up T1 to T2 teachers 
increased their overall weekly scheduling of PA by 
1.65 minutes (95% CI: − 10.24; 13.55, p = 0.78) and ener-
gisers by 7.64 minutes (95% CI: 1.29; 13.98, p = 0.02) (see 
Table 3). Overall, teachers reported PSAT domain scores 
at T2 ranging from 4.36 (SD = 1.16) (program evalua-
tion domain) to 5.33 (SD = 0.92) (organisational capacity 
domain).

Associations between school-level sociodemographic 
and teacher-reported school factors and the sustainment 
of weekly PA scheduling
None of the school-level sociodemographic or teacher-
reported school factors assessed were found to be statisti-
cally significantly associated with a difference in teacher’s 
mean minutes of PA scheduled across the school week 
between follow-up T1 and T2 (see Table 4). Of the PSAT 
scores, four domains possessed a negative association 
with the sustainment of weekly PA scheduled and three 

Table 3 Outcome measures of weekly PA and energisers 
scheduled between follow-up T1 and T2 and PSAT domain scores 
at T2

a The possible range of PSAT domain scores is 1 to 7

Outcome Total (n) Mean (sd) Median (Q1; Q3) ICC

Difference in scheduling of PA between follow-up time points (T1 
and T2) – mean minutes per school week
 Overall PA 99 1.65 (59.63) -5 (− 30; 25) 0.125

 Energisers 99 7.64 (31.82) 10 (−10; 25) 0.254

PSAT domain scores (measured at T2)a – mean score
 Strategic planning 98 5.04 (1.06) 5.00 (4.67; 6.00) 0.311

 Environmental 
support

98 5.18 (0.85) 5.20 (4.80; 5.80) 0.293

 Program adapta-
tion

99 5.14 (0.92) 5.33 (4.67; 6.00) 0.121

 Organisational 
capacity

99 5.33 (0.92) 5.29 (4.75; 5.75) 0.253

 Program evaluation 99 4.36 (1.16) 4.25 (3.75; 5.00) 0.271

 Funding stability 98 4.83 (0.99) 4.75 (4.25; 5.50) 0.320

 Communications 99 4.74 (0.92) 4.67 (4.00; 5.33) 0.291
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possessed a positive association, although no adapted 
PSAT domains were statistically significantly associated.

For the secondary outcome of difference in mean min-
utes of energisers scheduled between follow-up T1 and 
T2, all adapted PSAT domain scores possessed a nega-
tive association. In the adjusted regression model, two 
of the adapted PSAT domain scores – ‘strategic plan-
ning’ and ‘program evaluation’ – were found to be sta-
tistically negatively associated with the sustainment of 
weekly energisers scheduled (see Table  4). For every 
unit increase in the domain score for ‘strategic plan-
ning’, the total minutes of energisers scheduled across 
the school week from T1 to T2 decreased by approxi-
mately 6.74 minutes (95% CI: − 13.02; − 0.47, p = 0.036). 
Similarly, for every unit increase in the domain score for 
‘program evaluation’, the difference in the total minutes 
of energisers scheduled across the school week from T1 
to T2 decreased by approximately 6.65 minutes (95% CI: 
− 12.17; − 1.12, p = 0.019) (see Table 4). We conducted a 

sensitivity analysis to assess the robustness of the results 
for teachers who completed all three time points (i.e., 
baseline, follow-up T1 and T2). No significant changes 
were observed with regards to factors identified as being 
associated with a difference in scheduling of overall PA 
and energisers from follow-up T1 to T2 in this sample of 
teachers (see Additional file 3).

Perceived usefulness of proposed sustainability strategies
Table  5 details the frequency and percentage of teach-
ers that perceived the proposed sustainability strategies, 
as useful in descending order. The most useful strategies 
perceived by teachers to support their delivery long-term, 
related to the resources, skills/knowledge, and train-
ing available. Specifically, ‘provision of PA equipment 
packs that enable energisers or integrated lessons’, was 
reported as useful by most teachers (n = 78 [85%]). This 
was followed by the ‘provision of an information pack to 
upskill new staff about the policy and how to implement 

Table 4 Associations between factors and difference in weekly minutes of PA and energisers implemented between time points

a Linear mixed regression analyses were used to calculate coefficient and p-values. Coefficients correspond to the influence of a unit increase in each factor on the 
difference in PA and energisers implemented across the school week between 12 and 18-month follow-up. Results are reported as adjusted and unadjusted regression 
coefficients with corresponding 95% confidence intervals. Adjusted analyses included a random intercept for school and were adjusted for number of years teaching, 
whether they are a PE teacher and whether they are employed full time

^R1 indicates the reference group for dichotomous variables
b p-value listed is for the coefficient from the adjusted model. Significance was set at p ≤ 0.05 with bolded p-values indicating significance

Factor Total weekly minutes of PA implemented Total weekly minutes of energisers implemented

Total (n) Unadjusted 
coefficient (95%CI)a

Adjusted coefficient 
(95%CI)a

p-valueb Unadjusted coefficient 
(95%CI)a

Adjusted coefficient 
(95%CI)a

p-valueb

School-level sociodemographic factors

School size 99 −0.02 [− 0.13; 0.09] − 0.03 [− 0.14; 0.09] 0.60 −0.03 [− 0.10; 0.03] −0.02 [− 0.10; 0.05] 0.48

School SEIFA 99

 Most disadvantaged −12.82 [−49.21; 23.58] −11.39 [− 49.15; 26.37] 0.52 −7.74 [−29.72; 14.24] −10.92 [−34.07; 12.24] 0.33

 Least disadvantaged (R1)^ – – – –

School remoteness 99

 Major cities −3.81 [−43.24; 35.61] −6.15 [− 46.89; 34.58] 0.73 −8.98 [− 32.27; 14.31] − 6.81 [− 31.88; 18.25] 0.56

 Inner / outer regional / remote 
Australia (R1)^

– – – –

School type 99

 Catholic 16.64 [−21.11; 54.40] 18.91 [−20.01; 57.82] 0.31 19.33 [−0.74; 39.39] 19.77 [−1.70; 41.24] 0.07

 Government (R1)^ – – – –

Teacher-reported school-level factors

School PA plan or policy 89

 Yes −6.46 [−47.36; 34.44] −13.98 [−57.51; 29.55] 0.52 − 5.32 [−25.92; 15.28] − 6.90 [− 28.62; 14.81] 0.53

 No (R1)^ – – – –

Strategic planning 95 −7.29 [− 19.35; 4.78] −7.39 [− 20.17; 5.39] 0.25 −6.53 [− 12.69; −0.36] −6.74 [− 13.02; − 0.47] 0.036

Environmental support 96 −8.18 [− 23.24; 6.88] −8.62 [− 24.83; 7.60] 0.29 −3.01 [− 10.72; 4.71] − 3.31 [− 11.47; 4.84] 0.42

Program adaptation 96 1.21 [− 12.32; 14.74] 1.64 [− 13.02; 16.30] 0.82 −2.21 [− 9.08; 4.65] −1.53 [− 8.65; 5.58] 0.67

Organisational capacity 96 0.38 [− 13.97; 14.74] 0.38 [−15.52; 16.28] 0.96 −3.04 [− 10.37; 4.29] −2.72 [− 10.52; 5.08] 0.49

Communications 96 −4.38 [− 17.99; 9.22] −5.72 [− 20.54; 9.09] 0.44 − 5.55 [− 12.53; 1.42] −5.16 [− 12.55; 2.24] 0.17

Program evaluation 96 −9.49 [− 20.02; 1.03] −9.24 [− 20.41; 1.93] 0.10 −6.93 [− 12.29; − 1.57] −6.65 [− 12.17; −1.12] 0.019

Funding stability 96 1.07 [− 11.97; 14.12] 1.66 [− 12.00; 15.32] 0.81 −4.50 [− 11.08; 2.08] −3.95 [− 10.67; 2.78] 0.25
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it within their classroom’, and ‘creating a whole school PA 
plan outlining the school’s steps to ensure the PA policy 
is met in the future’, as reported by 72 (78%) and 71 (78%) 
teachers, respectively. The strategies perceived as ‘useful’ 
by the least number of teachers were: ‘including a stand-
ing agenda item for all staff meetings to discuss ideas of 
how to best implement and monitor our school’s adher-
ence to the PA policy’ (n = 34 [37%]); and ‘school direc-
tor prompting our executive about meeting the PA policy 
during an annual meeting with school’ (n = 34 [37%]); fol-
lowed by ‘provision of unlimited telephone or email sup-
port from a program support officer’ (n = 52 [57%]).

Discussion
The current study contributes to improving our under-
standing of what is needed to support the sustainment of 
health interventions in schools. Specifically, we analysed 
school-level sociodemographic and teacher-reported 
school factors associated with the sustainment of weekly 
PA and energiser scheduling after the withdrawal of 
effective implementation support [13, 27], using a com-
prehensive theoretically informed measure of sustainabil-
ity determinants. The study found that although teacher’s 
scheduling of weekly PA and energisers was on average 
sustained over this six-month period – no school-level 
sociodemographic characteristic was statistically asso-
ciated with this sustainment. Teacher-reported school 

factors in two PSAT domains (strategic planning and 
program evaluation) were statistically negatively associ-
ated with the sustainment of weekly energisers sched-
uled, which was the opposite direction to what we 
hypothesised. We also determined teacher’s perceived 
usefulness of proposed strategies to assist schools in sus-
taining their scheduling of weekly PA once delivery of 
the PACE intervention had completed. The most useful 
strategies perceived by classroom teachers to assist with 
the sustainment of weekly PA scheduling, related to the 
provision of resources, skills/knowledge, and training 
available.

Findings suggest that the sustainment of PA scheduled 
in schools may be independent of sociodemographic 
school-level characteristics, given that no school-level 
characteristic hypothesised, such as school type, size, 
SEIFA, or remoteness were statistically associated with 
teacher’s sustainment of PA. This finding is consistent 
with other international studies [37, 41, 42]. For exam-
ple, a 2018 prospective longitudinal study observed that 
school characteristics were not predictive of sustained 
delivery of ‘School‑wide Positive Behavioural Interven‑
tions and Supports’ in the U. S [37]. Further, a 2019 
cross-sectional study examining how school context, 
principal characteristics, and program attributes were 
associated with the institutionalisation of ‘Bluearth Foun‑
dation’s Active Schools’ program in Australian elementary 

Table 5 Teachers that perceived proposed sustainability strategies as useful

Strategies are listed in descending order from those perceived as most useful least useful

Sustainability strategy proposed Number of 
respondents (n)

Total teachers who 
agreed strategy was 
useful, n (%)

PA equipment packs that enable energisers or integrated lessons n = 92 78 (85%)

In the event of new staff at the school, an information pack to upskill new staff about the policy and how to 
implement it within their classroom

n = 92 72 (78%)

A whole school PA plan outlining the school’s steps to ensure the PA policy is met in the future n = 91 71 (78%)

Professional learning modules to assist staff in meeting the PA policy delivered face-to-face n = 92 70 (76%)

In the event of staff turnover, a formal hand-over document & information pack to support new school 
champions take on the role of supporting the PA policy implementation in the school

n = 92 67 (73%)

An annual whole staff or stage meeting to review implementation of the policy and share ideas to help 
ensure implementation of the policy is sustained

n = 92 65 (71%)

Professional learning modules to assist staff in meeting the PA policy delivered online n = 92 64 (70%)

Biannual webinars on ideas of how to integrate PA into your class schedule n = 90 62 (69%)

A face to face program booster session for school champions every two years n = 92 62 (67%)

Our school executive monitoring that the PA policy is being met when reviewing our class timetables n = 92 61 (66%)

Scheduling 150 minutes (DoE schools) / 120 minutes (CSO schools) of PA being included in the school’s 
strategic plan and reported on in annual reports

n = 92 56 (61%)

Unlimited telephone or email support from a program support officer n = 92 52 (57%)

Our school director prompting our executive about meeting the PA policy during an annual meeting with 
school

n = 91 34 (37%)

Including a standing agenda item for all staff meetings to discuss ideas of how to best implement and 
monitor our school’s adherence to the PA policy

n = 92 34 (37%)
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schools, found that no school demographics were asso-
ciated with program institutionalisation [42]. These find-
ings suggest that intervention sustainment may be more 
influenced by other higher-level outer contextual factors 
(e.g., socio-political context, external funding, and lead-
ership) or inner contextual factors (e.g., school climate/
culture, capacity, and executive support) more so than 
demographics [19]. Given school-level sociodemographic 
characteristics (i.e., type, SEIFA or remoteness) are more 
difficult to change, this may indicate that the organisa-
tional factors that may be important sustainability deter-
minants are also more conducive to change.

The current study also found that no teacher-reported 
school factors (PSAT domain scores) were statistically 
associated with the sustainment of weekly PA scheduled, 
and five of the seven domain scores were not statistically 
associated with the sustainment of energisers scheduled 
across the school week. These inconclusive findings are 
surprising given the use of a validated, sustainability-
specific measure [39]. Statistically negative associations 
were identified between teacher-reported PSAT strategic 
planning factors (i.e., using processes that guide program 
direction, goals, and strategies) and program evaluation 
factors (i.e., assessing program data to inform planning 
and document results) and the sustainment of weekly 
energisers scheduled. This is contrary to previous study 
findings which have also examined these associations 
at the staff or practice (intervention) level [43, 44]. For 
example, McIntosh et al. identified that the strongest pre-
dictor of schools’ sustained delivery of ‘School‑wide Posi‑
tive Behavioural Interventions and Supports’ at 3 years 
was “better team use of data for decision making” in Year 
1 [37, 45]. Similarly, a 2012 quantitative study by Cof-
fey and Horner who surveyed conditions leading to the 
sustainability of ‘School‑wide Positive Behavioural Inter‑
ventions and Supports’ described above, found that the 
strongest predictor for sustainment was ‘use of data for 
decision making’ [41]. Our findings however conversely 
indicate that the increased use of data for evaluation 
was statistically associated with a decrease in the weekly 
scheduling of energisers between time points.

It is possible these discrepancies between current study 
findings and previous studies are impacted by the psy-
chometric tool used to measure determinants of inter-
vention sustainment across studies. In the current study 
we used the adapted the PSAT which is validated for use 
within the elementary school setting [39]. However, dur-
ing the adaptation of the PSAT, authors observed mixed 
evidence of validity, particularly convergent validity, 
where there was no evidence of an association between 
the PSAT domains and scheduling of weekly PA at 
18-month follow-up from baseline [39]. This may indi-
cate that the adapted PSAT does not comprehensively 

cover the sustainability determinants of school-based 
interventions. One of the potential contributing factors 
to this measure lacking evidence of validity, is that teach-
ers may not possess authority over, or have adequate 
knowledge of, the higher-level organisational structure/
process and external factors that form a large focus of the 
PSAT items (e.g., capacity building, funding, or external 
support) [38, 39]. Instead, it may be more appropriate 
for frontline teachers to complete items covering factors 
they may have more accurate knowledge of (e.g., self-
efficacy, motivation, skill/level of training, and feasibility/
appropriateness of intervention delivery); and executives 
report on higher-level organisational factors (e.g., policy 
landscape, funding stability, and external partnership 
support). Further research is recommended to develop 
and empirically test valid, reliable, psychometrically 
robust, pragmatic, and specified measures of sustain-
ability determinants tailored to multiple end-users (i.e., 
answered by executives and frontline staff separately) 
that are appropriate across a broad range of interventions 
[46]. This may enable a more comprehensive understand-
ing of what specific determinants need to be addressed to 
support the sustainment of school-based health interven-
tions [19, 46, 47].

This study also sought to explore strategies that may be 
useful in supporting teachers’ sustainment of weekly PA 
scheduling following the withdrawal of implementation 
support. Our findings indicate that the strategies per-
ceived by the majority of teachers as useful in this regard 
were related to the resources, skills/knowledge and train-
ing available to support their delivery long-term. These 
align with and are likely to address some of the most 
prevalent barriers to the sustainment of school-based 
health behaviour interventions, such as poor availability 
of facilities, resources, equipment, and training oppor-
tunities [16, 17, 25]; and therefore, should be considered 
when planning sustainability support for such interven-
tions. Comparatively, fewer teachers perceived training 
sessions, monitoring and feedback, and ongoing contact 
or support from external program providers as useful 
strategies. It appears within the current sample, whilst 
teachers are willing to acquire the skills and resources 
to enable the sustainment of weekly PA scheduling, they 
do not perceive themselves to be reliant on the ongoing 
external and intensive support from the program team. 
This suggests that teachers may find it appropriate to 
be offered less intensive strategies to ensure continued 
intervention delivery. In the wider evidence-base how-
ever, it is acknowledged that research evaluating sustain-
ment strategies has been limited [26]. Few studies have 
empirically examined the use, effectiveness, and accept-
ability of strategies to sustain the delivery of interven-
tions within the school setting [21, 26]. In addition, given 
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sustainability has only ever been assessed at most up to 
2 years post-implementation support [20], little is known 
regarding the longevity of strategies and what may be 
relevant beyond this time period, in supporting the sus-
tainment of such health interventions. Further empirical 
work is needed, in consultation with end-users responsi-
ble for intervention delivery, to determine the most effec-
tive, feasible, acceptable, end-user tailored strategies that 
are intervention-specific, to support the ongoing sustain-
ment of evidence-based health interventions in schools.

Limitations
The findings of this study should be acknowledged in 
the context of its limitations. First, as the PSAT scores 
were collected at one time-point only, and these deter-
minants were not assessed prior to the main outcome 
(change in minutes of weekly PA scheduled), causa-
tion and temporality cannot be inferred. Additional 
prospective, longitudinal, and experimental studies 
are required to assess the causal association between 
school-level and teacher-reported factors and the sus-
tainment of weekly PA scheduling in the school set-
ting. Second, the sustainment of weekly PA scheduling 
was measured across two time periods conducted 
over a short six-month timeframe. This provides some 
indication of sustainment, however, to comprehen-
sively assess long-term sustainment ideally requires 
assessment over years [19]. Future longitudinal stud-
ies should be conducted, with data collected at mul-
tiple time points at longer follow-up intervals post 
cessation of active implementation support (e.g., 12, 18, 
24-months). This would enable a more comprehensive 
understanding of any longer-term sustainment or pos-
sible attenuation in PA scheduled, in addition to the 
factors that may contribute to this. Third, our findings 
may be influenced by the previous delivery of the initial 
implementation strategy. The adapted PSAT examines 
schools’ capacity to sustain, and many of these factors 
were targeted in our initial implementation trial (e.g., 
school champions, executive support, and provision 
of resources). Given T2 follow-up in the current study 
was conducted 6 months following cessation of imple-
mentation support, these factors may still be active in 
schools. However, it is expected that some of these fac-
tors may change following a longer time period, thus 
helping to identify which schools are likely to have 
capacity to sustain long-term. Fourth, included data 
were restricted to teachers who completed surveys at 
both time points, which may contribute to any selec-
tion bias in this sample – whereby those not scheduling 
weekly PA at follow-up T1 may be more likely to be lost 
to follow-up T2. Fifth, the difference in mean weekly 

minutes of PA and energisers scheduled between T1 
and T2 relied on self-report data via teachers’ daily log-
book. This method was selected based on use in pre-
vious obesity-prevention trials [32–34], and analogous 
evidence suggesting such measures may represent a 
reliable and pragmatic measure of PA delivery in this 
the school setting [32–34]. However, such measures are 
at risk of social desirability and recall bias which may 
lead to over reporting in teacher’s scheduling of PA. 
Lastly, the multiple testing of a large number of charac-
teristics in the regression models, may have resulted in 
false positive (i.e., type I error) findings.

Conclusions
These findings contribute to improving broad under-
standing of what multi-level factors may need to be 
addressed; and which sustainability strategies may sup-
port the sustainment of school-based interventions 
targeting healthy behaviours, specifically in relation to 
weekly PA scheduling (i.e., provision of resources, skills/
knowledge, and training available). Additional research 
is required to explore contextually specific and end-user 
appropriate factors associated with schools’ sustain-
ment of weekly PA scheduling, using psychometrically-
robust, valid, and reliable measures. This will ensure a 
more comprehensive understanding of what determi-
nants need to be addressed and help accurately inform 
the development of strategies to support the sustainment 
and continued benefit of school-based health interven-
tions long-term.
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