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Physical activity is important for children’s health. However, evidence suggests
that many children and adults do not meet international physical activity
recommendations. Current school-based interventions have had limited effect
on physical activity and alternative approaches are needed. Context, which
includes school setting, ethos, staff, and sociodemographic factors, is a key and
largely ignored contributing factor to school-based physical activity intervention
effectiveness, impacting in several interacting ways.

Conceptualization: Current programs focus on tightly-constructed content
that ignores the context in which the program will be delivered, thereby limiting
effectiveness. We propose a move away from uniform interventions that maximize
internal validity toward a flexible approach that enables schools to tailor content
to their specific context.

Evaluation designs: Evaluation of context-specific interventions should explicitly
consider context. This is challenging in cluster randomized controlled trial
designs. Thus, alternative designs such as natural experiment and stepped-wedge
designs warrant further consideration.

Primary outcome: A collective focus onaverage minutes of moderate-to-vigorous
intensity physical activity may not always be the most appropriate choice. A wider
range of outcomes may improve children’s physical activity and health in the
long-term. In this paper, we argue that greater consideration of school context is
key in the design and analysis of school-based physical activity interventions and
may help overcome existing limitations in the design of effective interventions
and thus progress the field. While this focus on context-specific interventions and
evaluation is untested, we hope to stimulate debate of the key issues to improve
future physical activity intervention development and implementation.

physical activity, children, trial, context, intervention—behavioral

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1149883﻿&domain=pdf&date_stamp=2023-04-13
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149883/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149883/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149883/full
mailto:russ.jago@bristol.ac.uk
https://doi.org/10.3389/fpubh.2023.1149883
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1149883

Jagoetal.

1. Introduction

Despite their considerable potential, current school-based
interventions for children and young people have had limited effect
on device-measured physical activity, and have not met their primary
aim of increasing physical activity at a population level (1-3). A key
challenge for the field is therefore to identify why these interventions
have not yielded the hypothesized impacts and how they could
be improved. In this paper we argue that context, which includes a
combination of school setting, ethos, staff, and sociodemographic
factors, is a key and largely ignored contributing factor to physical
activity intervention effectiveness (4). Context impacts on the
effectiveness of interventions in several interacting ways. The first is
the way in which interventions are conceptualized. Most school-based
physical activity interventions are tightly-constructed programs that
fail to take account of the context in which the program will
be delivered. This failure to take account of the context negatively
affects generalizability and scalability. Second is ignoring context in
the evaluation. We need to find a better trade-off between optimizing
internal validity and understanding which interventions are effective
and in which contexts. The third, often integrated, element is the focus
on average minutes of moderate-to-vigorous intensity physical activity
(MVPA) as the primary outcome, which may not always be the most
appropriate choice or indicator of success. To address these issues, this
paper first defines what we mean by context and outlines why failure
to address context has hindered our ability to increase children’s
physical activity. We then propose an alternative context-specific
approach to intervention design, in which the context informs the
intervention content, choice of outcomes, evaluation design, and
analysis. Finally, we provide an example of a forthcoming project that
uses a context-specific design, the challenges that the study poses and
how we intend to address them.

2. What is context?

Context has been conceptualized as a “a set of characteristics and
circumstances that consist of active and unique factors that surround
the implementation” of an intervention and its evaluation (4). This
includes the cultural, social, economic, political, and/or
organizational setting as well as the demographic, epidemiological,
and socioeconomic characteristics of those delivering and receiving
the physical activity intervention (5, 6). For school-based physical
activity interventions, this includes the setting of the school, the
demographic profile of the pupils, the facilities available, the attitudes,
training and skill of school staff as well as school priorities and the
interests of the children. It is important to note that some aspects,
such as priorities, attitudes and training, are amenable to change,
while others, such as school size, location, and pupil demographics,

are fixed constraints.

3. Why is physical activity important
for ch¥ldren and young people?

Physical activity is associated with improved physical and
mental health across the life course (7, 8). Among children,
physical activity is associated with lower levels of risk factors such
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as cholesterol and blood lipids, favorable blood pressure, and lower
adiposity (9). These risk factors are more prevalent in children with
a lower socioeconomic position (10). Physical activity is also
associated with improved well-being, self-esteem, and academic
performance in young people (11). Physical activity tracks from
childhood into adulthood, with more active children likely to
engage in both a higher amount and wider range of physical
activities in adulthood (12, 13).

The World Health Organization recommends that children and
young people engage in an average of 60 min of MVPA per day that
can be accumulated across the day (7, 14). International collaborations
and national surveys indicate, however, that many children and young
people do not meet the current physical activity guidelines (15-17).
Physical activity levels decline during childhood and adolescence with
a steeper decline for girls than boys (16, 17). For example, data from
around 2,000 children from 57 schools in the Bristol B-Proactlv
cohort begun in 2012/13 showed that mean minutes of MVPA per day
on weekdays declined by 2.2 min per year (95% confidence interval
1.9 to 2.5), between 6 and 11 years of age. National lockdowns during
the COVID-19 pandemic resulted in acute changes to physical activity
opportunity and provision, and emerging data show that physical
activity and mental well-being declined during this time (18-22). The
impacts of COVID-19 were more marked for children from lower
socio-economic backgrounds and those without access to outdoor
space (20, 23). Collectively, these data highlight a need to increase
physical activity and prevent the age-related decline among children
and young people.

4. How effective are current
school-based approaches to increase
children’s physical activity?

Most attempts to increase physical activity among children and
young people have been delivered at the school site, as schools provide
opportunities to implement universal public health interventions to
large numbers of children (24). Although there has been recognition
that whole-school physical activity interventions, in which more than
one element of the school physical activity provision is changed, hold
considerable promise (1), most of the intervention literature describes
single-component interventions (e.g., changing aspects of physical
education) (2, 3). Meta-analyses have shown that, with a small number
of exceptions, these programs have not yielded increases in MVPA (2,
3, 25-27). Often the “failure” of these interventions can be attributed
to implementation issues such as the failure to deliver the program as
intended, poor attendance, or lack of access to the intended resources,
space, or time. For example, the Action 3:30 project trained existing
school staff to deliver physical activity programs after school (28-30).
The program was highly valued by the school, cost far less than
existing provision, and found that children were more active on the
days that they attended sessions, with an impact during the after-
school period for those who attended. However, challenges within the
school in relation to attendance and delivery (context) impacted on
the overall efficacy, and the classic trial analysis found no overall

Abbreviations: MVPA, Moderate-to-vigorous intensity physical activity; RCT,

Randomized Controlled Trial
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difference in children’s physical activity (28-30). This is an example of
an intervention that holds considerable promise in theory, but in
practice, issues around school setting and delivery diluted the
intervention effect and as a result, a potentially very useful program
was deemed to be ineffective.

One way that context can impact on school-based research is the
provision of outcome data. For example, the adherence to
accelerometer wear time protocols has been identified as a moderator
of whether a study reported a positive effect, with poor measurement
adherence more likely in disadvantaged schools (3). Lower levels of
data provision in more deprived areas can mean that a potentially
impactful intervention can be missed as there are less data to
determine whether or not the intervention was successful. A related
issue is that pilot and feasibility studies are often conducted in
carefully selected schools that are more supportive of the research
process (i.e., a more supportive context), and tend to come from more
affluent settings (31) This can result in an over-estimate of any
intervention effect (31). Thus, there is a need to understand how
context can impact on the data provided.

5. Why are current “normal”
approaches not working?

We have identified how adherence to intervention fidelity and
effectiveness of school-based physical activity interventions differ in
different contexts, but context has rarely been considered in the design
of physical activity interventions. A key issue here is that researchers
often focus on implementing new programs rather than improving
programs that already exist within a school, which results in additional
content that may have limited buy-in or fit within the context. To
improve existing provision, we need approaches that recognize and
respond to differences at the school level (school-specific context)
which affects both the way in which interventions have been
conceptualized and the framework (both design and analysis) used to
evaluate the interventions. Each of these is discussed below.

5.1. Context in school-based physical
activity interventions

Globally, most school-based physical activity interventions have
been developed using processes that are consistent with the MRC
framework for complex interventions (32). This includes conceiving
content based on models of behavior change, intervention mapping,
and qualitative research to inform intervention content. New content
is then piloted, feasibility studies are conducted and then if there is
‘evidence of promise) studies progress to a definitive trial, usually a
cluster randomized controlled trial (RCT). A key limitation of the way
in which these steps have been conducted is that research teams have
often paid little attention to the context within which the programs
will be delivered.

We recently conducted a systematic review of paired pilot and
definitive obesity prevention trials that involved children or young
people (<18years of age). Most of these studies included a physical
activity component. We then looked at whether there was risk of
generalizability bias in the paired study (31), that is, features or
context of the pilot study that were not generalizable to a full trial.
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Many of these studies failed to scale when tested in a larger trial as
they did not focus on how the studies would be implemented in
larger settings or different contexts, and had both delivery agent
(delivered by highly competent members of the research team) and
implementation support (extra support provided) biases (31). When
the results from this review were combined in a meta-analysis,
reductions in delivery agent and implementation support were
associated with an attenuation of the effect size from pilot study to
full trial. Further analysis showed that these biases were particularly
likely to have been present in small pilot studies, where
implementation biases led to misleadingly positive findings that were
not replicated when scaled up in a full trial (31). This often reflects an
over-reliance on highly-skilled deliverers who are motivated to see
the intervention fully delivered, and these circumstances cannot
be replicated in wider practice (33). Similar issues have been reported
when attempting to implement programs that have been shown to
be effective in ‘efficacy studies’ (34). Conceptually, this work also
highlights the difficulty in trying to separate complex interventions
from their context. It also raises the question of whether we should
even be trying to separate content and context, as interventions are
more than the sum of their parts, and the interactions and synergies
across parts are likely to be essential for effectiveness. The recently
updated MRC guidance for complex interventions highlights that
“complexity might also arise through interactions between the
intervention and its context” (35). It is therefore important to ensure
that any intervention is “fit for purpose” within the context it will
be delivered after the research period has ended. In practice this
implies that for maximum impact, all school-based interventions
should be tailored to the local context.

The current focus is on designing intervention content and
ensuring that uniform intervention content is delivered in the same
way in each school, regardless of context. Teams then evaluate whether
the intervention is delivered as planned, with a focus on internal
validity (2, 36). This is unhelpful, as schools may ultimately change
some elements to make them work within their setting. As such, it
may be more informative to conceptualize intervention components
as “essential” and “peripheral” For example, we might argue that the
provision of a new after-school physical activity club is a core
component of an intervention but playground markings to support
that activity (which may be important for a specific school, and their
local context), would be peripheral. If we accept that there will be local
adaptation, then identifying the degree of acceptable adaptation for
just the essential components, and monitoring what adaptation occurs
would be beneficial. This is in contrast to the standard approach of the
field where the focus has been on tightly constrained interventions
that are not adapted to the local context. This standard approach is not
optimal as not only does it not take account of the culture, ethos,
priorities, context, and complex systems in each school, but it actively
attempts to control these factors to achieve consistency across settings.
This results in the estimation of an average treatment effect which is
unlikely to reflect un-controlled “real life” effects (Figure 1 A). Instead,
we argue that the focus should be on creating the best intervention
approach for each setting for the agreed outcome of interest, and then
seek an evaluation design that facilitates the assessment of the efficacy
of that approach.

Understanding rather than ignoring the context is important
because some schools will be in affluent, well-resourced areas with
financial and in-kind support from parents, local authorities, and

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1149883
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Jago et al. 10.3389/fpubh.2023.1149883
B
School A School B School C School A School B School C
w w
o o
] o |ﬁ
[Tl ™ |
w w
“‘ I o —
STANDARD INTERVENTION CONTEXT-SPECIFIC INTERVENTION
plodial benefit el 9 program ng infrastructure
already exists infrastructure provision
- w
[N -
) < h
—/
FIGURE 1
Standard intervention (A) compared to context-specific intervention (B). In a standard intervention, each school receives the same intervention,
regardless of school-specific context. In a context-specific intervention, the intervention is tailored to be most effective for each specific school.

third-sector groups, while other schools will be in more economically
challenged or rural areas and may have very limited budgets, space or
other challenges. These contextual factors have the potential to impact
implementation within schools (37) and will shape what kind of
physical activity intervention would be appropriate and successful.
Schools may already have an initiative that mimics or is identical to
an intervention program being offered, and so a “new” program may
not be optimized for maximal impact. In other schools, specific
activities may not be the best option due to logistical challenges such
as space, staff ability or the interests of pupils. A more effective use of
resources would be to provide support to extend the current provision.
This is consistent with Beets’ Theory of Expanded, Extended, and
Enhanced Opportunities (38) which argues that focusing on
expanding, extending, and/or enhancing the quality of physical
activity provision, depending on the context, are ways to design more
effective interventions for increasing physical activity among children
within settings. This could be achieved via the creation of overall (all
schools in a study) and local (school-specific) logic models or program
theories to identify how the intervention is intended to operate in
different contexts (Figure 1B).

While the importance and role of context has been discussed in
the implementation of broader public health interventions (6), context
is rarely considered at the earlier stage in designing a physical activity
intervention (37). Any new initiative needs to work within existing
infrastructure, school policy, staff capacity, pupil needs, and other
aspects of the curriculum (39). An approach that works closely with
schools, staff, and families from the outset of a project could enable a
greater understanding of the particular communities, school culture,
and any localized issues which may affect participation in physical
activity. This could involve school staff working with pupils to
co-create and prioritize activities and then sharing findings with all
members of the school community to change the culture in the school.

Frontiers in Public Health

In this approach, there would be a procedure for co-creation that is
universal for all schools and includes options provided for potential
content. However, the final content in each school is decided upon by
the school community. This would result in an individualized
intervention at the school level with content tailored to the needs and
preference of the school. Time spent building relationships over a
long-term and embedding co-production principles such as the
sharing of power, including all perspectives and skills, and reciprocity
may also improve recruitment and commitment to an intervention
(40, 41). This approach would prioritize programs that are consistent
with the ethos and priorities of the school and students and thus have
greater external validity (38).

5.2. Context in the evaluation of
interventions

The evaluation of interventions comprises both the evaluation
design and analysis methods. These are interlinked, as the study
design dictates the available data and in turn the analysis that is
possible, while the proposed analysis informs the design. Almost all
physical activity interventions in children have been evaluated via
cluster RCTs (2, 25-27). The cluster RCT design is well-understood
and statistically robust, and a pragmatic choice when the intervention
is randomly allocated at a group level and the focus is on individual
outcomes. In a cluster RCT, context is typically treated as unmeasured
factors to be addressed via randomization, which creates two
interchangeable populations satisfying the conditional exchangeability
assumption. However, school context factors occur at cluster-level and
in a school-based intervention, there are often comparatively few
clusters. While measured and unmeasured confounding factors are
balanced between the two groups on average, estimates in any single
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trial may be far from the truth (42), and school context may differ
substantially between control and intervention arms, especially with
few clusters. Moreover, in a cluster RCT, unmeasured confounders will
be present at both individual and school level. To understand how the
effectiveness of interventions depends on different contexts, a cluster
RCT should be designed specifically with this aim in mind, to ensure
that a suitable range of contexts are included and that the study is
powerful enough to allow comparisons between school contexts. This
also affects the analysis, as not all standard analysis methods are
capable of accounting for non-random differences in school context
(for example, marginal models), and those that are will often
be underpowered when using standard power calculations. As such,
focusing on context may require adaptations to the study design.

School-level variability, which may be indicative of contextual
differences, can be considerable and highlights the need to consider
context. For example, analysis of the B-Proactlv data showed that
between-school variability (attributable to unmeasured school-level
factors) accounted for 15% of the total variability (43), compared to
just 8% accounted for by key individual variables such as age, gender,
and socio-economic position. These unmeasured school factors might
include differences in intervention implementation (local context),
differences in intervention dose, as well as covariates which differ
between schools both randomly (random variation) and systematically
(structured variation) such as school policies, ethos, and
demographics. School-based physical activity interventions are
typically both randomized and applied at school level, which means
that school-level factors and between-school variability in outcomes
become more relevant; for example, intervention effects can occur at
both the individual and group level. This is particularly true if we seek
to design interventions that take advantage of the school context,
where it is important to understand not just whether an intervention
works overall but also how it works, for whom, and in what setting.
However, many traditional analysis approaches focus mainly on
estimation of the average treatment effect, averaged across all schools
(and thus contexts), and are underpowered for estimating school-level
heterogeneity (44). Careful planning at the design stage is required to
explore contexts where the intervention works well or poorly, for
example to identify and collect relevant data, and ensure that there is
sufficient variation across schools to enable estimation of differential
intervention effects. Without considering such issues at the planning
stage, evaluations will have limited ability to explore or fully exploit
the context-specific features of an intervention that will best facilitate
behavior change.

5.3. Outcome measures

The majority of school-based physical activity interventions have
focused on the impacts of a program on physical activity and
specifically average minutes of MVPA (26). This is driven by national
and international physical activity guidelines which recommend that
all children and young people engage in an average of 60 min of
MVPA per day (7, 8, 14). Many studies are then powered to either
detect a difference in the proportion meeting that threshold or a
clinically-meaningful difference in mean minutes of MVPA based on
a hypothesized change in potential future disease reduction (45-48).
It is important to recognize, however, that the physical activity
guidelines also recommend the development of motor skills, regular
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vigorous intensity physical activity and/or activities that develop
cardiorespiratory fitness as well as muscle and bone strength. Apart
from vigorous intensity physical activity (which can be determined
using accelerometers), these elements are hard to quantify and are
typically measured via self-report surveys. These outcomes and
especially cardiorespiratory fitness (49, 50) can be linked to future
health, and approaches that focus on improving these outcomes
should be encouraged.

Improvements in physical activity during a discrete period, such
as physical education lessons, can provide important benefits both in
terms of short-term impacts on health and well-being and longer-term
motor skill and competency development. These impacts are unlikely
to be detectable when conducting a trial to test MVPA that is averaged
and therefore attenuated across the week. This is a particular issue as
trials of school-based physical activity interventions often have poor
compliance with accelerometer protocols (3) and as such we would
argue for consideration of a wider range of outcomes in the field. An
example of a study with a non-MVPA primary outcome is the Burn 2
Learn RCT which focused on high-intensity activity breaks involving
aerobic and resistance exercise in secondary schools (key for muscle
and bone strengthening). This study showed that cardiorespiratory
and muscular fitness were improved in the intervention group, but
there was no impact on accelerometer-assessed average minutes of
MVPA (51, 52). Similarly, the Activity and Motivation in Physical
Education intervention increased MVPA during physical education
lessons (primary outcome) but had no effect on overall MVPA (53),
suggesting that a small impact on MVPA during one part of the day
can be diluted when looking at averaged MVPA across the entire day.
Each of these studies yielded a positive impact on a physical activity
related outcome but would have been considered a “failure” if the
studies had used the conventional focus on average minutes of MVPA,
and highlight the potential utility of a wider set out outcomes.

6. Possible solutions

The evidence presented above highlights a need for a new
approach to designing and evaluating school-based physical activity
interventions. We have argued firstly that interventions should focus
on the context within which an intervention will be delivered
(targeting each school’s needs) and secondly that the selected context-
specific intervention should dictate the evaluation, rather than vice
versa, and ensure that the design can answer relevant questions about
relevant outcomes (Figure 2). As a result, we may need to consider
alternative interventions, designs, and analyses (35, 54).

6.1. Intervention content

A co-produced intervention is an alternative to researcher-
controlled and developed intervention content. Researchers could
work with staff, pupils, and parents/carers to identify the current
strengths and weaknesses of the school physical activity provision,
strategies that focus on identified areas for improvement, and then
develop components for that priority area (9). This would involve a
level of engagement and collaboration with school staff that is
consistent with the Creating Active Schools approach (55).
Identification of intervention components could be informed by the
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School-specific context feeds into the intervention design, and the intervention informs both the design and analysis.

Consolidated Framework for Implementation Research which
encourages researchers to think about: (a) innovation characteristics,
such as the adaptability of the “intervention” being implemented; (b)
outer setting, such as external polices; (c) inner setting, such as school-
specific resources; (d) characteristics of participants, such as pupil
demographics and activity levels; and (e) the implementation process,
that is, how the program is implemented in each school (10, 37, 56,
57). This approach was used to inform the design of the Burn 2 Learn
study highlighted above (58) as well as the iPLAY intervention (59,
60). While this approach would have less consistency between schools
and would require time to adopt, implement, and embed new
programs, it would have far greater external validity as it reflects
actual practice.

6.2. Evaluation designs

The evaluation design should be informed by the intervention
itself, and one consequence of this is that design and analysis of an
evaluation may need to be more complex, which may require
additional statistical expertise. RCTs and cluster RCTs are traditionally
considered the gold standard of evaluation design (61), and synthesis
of studies in the area typically assess study “quality” against risk of bias
criteria that are based on key aspects of the RCT design (62-64).
However, the trade-off between bias and precision means that
estimates are not necessarily more credible than those from any other
design (42). As well as other randomized controlled designs, the
importance of alternative evaluation designs is recognized in the
recently updated UK Medical Research Council guidance for complex
interventions which explicitly recognizes the need to consider a wider
range of designs than just randomized controlled trials (35), including
natural experiment designs (65).

6.2.1. Non-randomized designs

Non-randomized designs (natural experiments/quasi-experimental
studies) (66), have the marked advantage that they can evaluate policies
or programs as they are implemented in practice and so can provide
“real-world” evaluations (67). Quasi-experiments, in which allocation
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to intervention arm is not randomized by the researcher, facilitate the
assessment of whether a program or intervention is implemented and
can be particularly useful when randomization is not possible, for
example when a program has already been put in place, perhaps in some
areas but not others, or when schools choose themselves whether to
deliver a program. This therefore has the potential for greater external
validity and comparisons can be made by matching to a control group,
or estimating a counterfactual. However, as the allocation to intervention
is not randomized, there are likely to be confounders that need to
be accounted for (68).

Natural experiments are often used to evaluate polices or large-
scale structural changes. They include a range of different designs
including before and after, difference in differences, interrupted time
series and synthetic controls (67). One limitation of natural
experiments is that routine data on physical activity outcomes at an
appropriate geographical and time scale may not be available. An
example of an opportunistic natural experiment is the evaluation of
the impact of the 2019 Australian bush fires on children’s physical
activity (69), where children were encouraged by local public health
officials to limit outdoor physical activity during the fires due to poor
air quality. In this study, the authors used data that were already being
collected in a cluster RCT (59) to examine the impact of the bushfires
on the device-measured physical activity of 8 to 10-year-olds. This
design was possible as some children lived in areas that experienced
bush fires while others did not. The authors used propensity score
matching and a difference-in-differences design to compare those
exposed to bush fires and those who were not. The study found that
there was little evidence that the targeted public health advice had an
impact on the children’s physical activity so the specific intervention
of advice during a challenging public health situation had limited
impact. This evaluation is an example of how opportunistic natural
experiments can answer key policy questions.

6.2.2. Randomized controlled designs

As discussed above, cluster RCTs are commonly used in the
evaluation of school-based physical activity interventions, but these
have limitations when considering context-specific interventions. The
strength of the cluster RCT lies in estimation of the average treatment
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effect with minimal assumptions, but this is also their limitation when
trying to understand how the effectiveness of interventions depends
on different contexts as they can identify only the mean of the
distribution of treatment effects. In complex situations, we may not
be able to guarantee unbiasedness (for example, due to lack of
blinding, or differences in the intervention delivery) and may
additionally suffer from low precision due to potentially large
between-school differences. More complex extensions may require
custom power calculations, such as simulation-based methods (70),
that focus explicitly on both the number of clusters, as well as the
number of individuals. A key issue is that a much larger number of
schools will be required compared to a standard cluster RCT design
to ensure representation of a good range of contexts in both
intervention and control schools. While techniques such as
stratification or matching can address baseline differences in context,
these are limited to a small number of clearly measurable factors, and
so are not useful in isolation. In practice, it is not clear what school
context factors affect children’s physical activity, and there are likely to
be many interacting factors, including difficult-to-measure factors
such as school priorities, attitudes, and culture.

A design where each school acts as its own control would reduce
the number of schools needed and maximize the information available
on factors associated with the intervention. One example of this is the
cluster randomized crossover design, where schools receive both
control and intervention, with the order allocated at random (71).
However, this is problematic for school-based interventions as it
assumes that the intervention has no lasting effects, i.e., no carryover.
Fora context—speciﬁc intervention, this is an important consideration,
as the order of intervention/control changes the context.

An alternative, pragmatic design is a cohort-based stepped wedge
design in which all schools begin in the control arm and transition in a
randomized order from control to intervention (see
Supplementary Figure 1) (72). The stepped wedge (and related designs
such as the Dynamic Wait-List design (73)) is a form of cross-over trial
with randomization in a unidirectional sequence. The repeated
measures make it possible to separate within and between-school
variability to explore differences between schools and provides
considerable statistical efficacy. For example, a standard two-arm cluster
RCT with 50:50 randomization to intervention and control results in a
quarter of all measurements being post-intervention. By contrast, a
stepped wedge design has half of all measurements taken post-
intervention and includes repeated measurements from schools. This
still allows evaluation of the overall intervention effect but can
additionally be used to explore school-specific factors, heterogeneity of
treatment effects and change over time. However, because measurements
taken under control conditions are systematically earlier than those
under intervention conditions, there is greater risk of bias due to
confounding by time, such as secular trends over time, between and
within school correlations that change over time, and time-varying
treatment effects (74). These must be treated analytically and so are at
risk of misspecification and result in increased complexity in design,
analysis and reporting (75).

7. Example: PASSPORT project

The goal of the PASSPORT project is to create a physical activity
portfolio intervention that is sufficiently flexible to be adapted to the
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context of each school and includes elements that can be delivered
across the school day to maximize the options within a school-specific
context. In this approach, component parts of interventions that have
shown promise will be identified by key stakeholders at the school
(pupils, teachers, parents, and any relevant community groups),
resources to deliver the content will be developed, and schools will
combine elements to produce their own portfolio of components. A
key focus will be adopting an implementation support framework so
that the program is ready for dissemination based on the PRACTIS
guide (76).

In this project, we are interested in evaluating the overall portfolio
approach, i.e., the ability to select components and build something
that works for each school, rather than any individual school-specific
portfolio. However, we are also interested in how the effectiveness of
the intervention varies with different school contexts, over time and
in the individual effectiveness of selected core components. In this
instance, the outcome of interest could either be average minutes of
MVPA across the week or it could be a more context-specific weekday
MVPA as the primary outcome with MVPA across the week as an
important secondary outcome.

Initial power calculations suggested that a cluster RCT powered
to explore all these questions would require an infeasible number of
schools. Instead, we chose a stepped wedge design, which can evaluate
the overall approach, but also maximizes the ability to explore school
context factors, due to more intervention measurements and schools
serving as their own control. It also lends itself naturally to looking at
change over time. Furthermore, the repeated-measures inherent in the
stepped wedge design mean that selected individual intervention
components can be analyzed as a multi-arm stepped wedge natural
experiment. Conceptually, this is related to a difference-in-differences
design, but with the additional stepped wedge structure. We therefore
plan to draw on several designs to best address the intervention-
specific questions raised above.

8. Conclusion

Physical activity is critical for children’s current and future
physical and mental health, but current school-based approaches
to increasing physical activity have had limited impact. Alternative
approaches to both the design and evaluation of school-based
interventions are needed. In this paper, we argue that knowledge
of the school context is key, and we propose that the field should
move away from tightly-constructed interventions that focus on
maximizing internal validity, toward a more flexible approach that
enables schools to tailor content to their specific setting, and for
which the results will be more generalizable. We have also argued
that the evaluation of interventions should be driven by the
intervention itself, and that cluster RCTs have several limitations
for school-specific interventions which depend on the school
context. Alternative designs such as natural experiment evaluations
and stepped-wedge designs warrant further consideration, as does
the use of a wider range of primary outcomes that match the
context of the intervention. We accept that the focus on context-
specific interventions and evaluation is untested, but we hope that
by presenting this argument, we can stimulate a debate of the key
issues to improve future physical activity intervention development
and implementation.
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