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Abstract

Background: Sustainable shifts in population behaviours require system-level implementation and embeddedness
of large-scale health interventions. This paper aims to understand how different contexts of scaling up interventions
affect mechanisms to produce intended and unintended scale up outcomes.

Methods: A mixed method study combining a realist perspective and systems analysis (causal loop diagrams) of
scaled-up physical activity and/or nutrition interventions implemented at a state/national level in Australia (2010-
18). The study involved four distinct phases: Phase 1 expert consultation, database and grey literature searches to
identify scaled-up interventions; Phase 2 generating initial Context-Mechanism-Outcome configurations (CMOs)
from the WHO ExpandNet framework for scaling up; Phase 3 testing and refining CMOs via online surveys and
realist interviews with academics, government and non-government organisations (NGOs) involved in scale up of
selected interventions (Phase 1); and Phase 4 generating cross-case mid-range theories represented in systems
models of scaling up; validated by member checking. Descriptive statistics were reported for online survey data and
realist analysis for interview data.

Results: Seven interventions were analysed, targeting nutrition (n = 1), physical activity (n= 1), or a combination
(n=15). Twenty-six participants completed surveys; 19 completed interviews. Sixty-three CMO pathways underpinned
successful scale up, reflecting 36 scale up contexts, 8 key outcomes; linked via 53 commonly occurring mechanisms. Al
five WHO framework domains were represented in the systems models. Most CMO pathways included ‘intervention
attributes’ and led to outcomes ‘community sustainability/embeddedness’ and ‘stakeholder buy-in/perceived value'.
Irrespective of interventions being scaled in similar contexts (e.g., having political favourability); mechanisms still led to
both intended and unintended scale up outcomes (e.g, increased or reduced sustainability).
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influence intervention scalability and sustainability.

Conclusion: This paper provides the first evidence for mechanisms underpinning outcomes required for successful
scale up of state or nationally delivered interventions. Our findings challenge current prerequisites for effective scaling
suggesting other conditions may be necessary. Future scale up approaches that plan for complexity and encourage
iterative adaptation throughout, may enhance scale up outcomes. Current linear, context-to-outcome depictions of
scale up oversimplify what is a clearly a complex interaction between perceptions, worldviews and goals of those
involved. Mechanisms identified in this study could potentially be leveraged during future scale up efforts, to positively
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Background
Characterised by the World Health Organization
(WHO) as the ‘epidemic of the 21st century’, obesity re-
mains one of the most serious global public health chal-
lenges to date [1]. Obesity and being overweight are
leading risk factors for cardiovascular disease, type 2 dia-
betes, and numerous cancers [1]. Having a poor diet and
low levels of physical activity are leading contributors to
the global burden of disease [2]. Australia is one of the
most overweight developed nations, ranked fifth highest
among Organisation for Economic Co-operation and
Development countries [3], with an estimated 67% of
adults and one in four children classified overweight or
obese [4]. Only 43% of adults, 29% of children (5-11
years) and 8% of adolescents (12—17 years) achieve gov-
ernment recommended levels of physical activity for
health (2011-12) [5]. On average, men and women of all
ages and the majority of adolescents fail to consume the
recommended number of serves for any of the nutritious
five food group food categories, whereas discretionary
food consumption contributes 33 to 36% and 41% to
daily energy intake for these population groups, respect-
ively [6]. Sustainable shifts in population behaviours re-
quire system-level implementation and embeddedness of
large-scale effective health interventions or programs,
and yet a minority of efficacious interventions are trans-
lated into practice and delivered at a scale sufficient to
achieve population-wide effects [7]. The WHO has long
emphasised the importance of accelerating the impact of
interventions at scale [8, 9]. Despite some evidence for
the potential benefits of large scale physical activity, nu-
trition and obesity prevention programs in Australia and
globally [10], there has been little research of the kind
that is needed to inform delivery of interventions at scale
to achieve population-level impacts in Australia [11].
There is evidence that scale up strategies (e.g., dissem-
ination via strategic advocates/champions) may be more
successful for some interventions in some contexts, and
approaches may need to be systematic, involve a range
of stakeholders, and be adaptive to the local setting [12].
However, studies often fail to report important details,
including the goals of scale up (e.g., beyond health

impact), how scale up was achieved (e.g., drivers and
mechanisms influencing outcomes), and who did what
(e.g., the activities and impact of different actors). To
date, knowledge of scaling efficacious physical activity
and nutrition interventions has focussed on the factors
associated with effective implementation and scale up
[13, 14], and the process of moving from efficacy to at-
scale implementation (e.g., [15]). However, there is a lack
of evidence for ways of overcoming methodological chal-
lenges when assessing the potential scalability of inter-
ventions in terms of optimal timing, consensus on the
purpose of scaling, and trade-offs between intervention
design for controlled trials and that which is appropriate
for scale up [16].

What has yet to be investigated are the potential mecha-
nisms underpinning successful scale up, and their related ‘le-
verage points’ and how these mechanisms differ by context
to produce observed outcomes. There are known leverage
points that are relevant for changing food and physical activ-
ity environments; ‘leverage points” are places within a com-
plex system whereby a small shift in one aspect can lead to
significant changes in another [17]. For example, the avail-
ability of recreation facilities is a proximal leverage point and
laws governing food systems/industry is a distal leverage
point [18]; however, these are complex public health issues
driven by multiple determinants [19-21] that are embedded
in complex social and political systems. Understanding and
identifying mechanisms linked to specific outcomes of phys-
ical activity, nutrition and obesity prevention programs when
scaled, is essential to help target potential leverage points for
improving the effectiveness of implementation efforts and
potential health impacts of interventions. Disaggregating why
such complex interventions work, how, for whom and in
what context, and explaining why an intervention may fail to
achieve anticipated benefits or fail to be successfully scaled is
fundamental to a realist perspective [22].

A realist perspective assumes that an intervention may
lead to different outcomes in different contexts due to
different mechanisms. This leads to ‘Context—Mechan-
ism—Qutcome’ (CMO) configurations, which are essen-
tially a hypothesis about how an intervention works in a
particular context [23]. CMO configurations are the
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basic causal explanatory framework for realist evalu-
ation, and unlike ‘factors’ which are related to change
but need not be causal, ‘mechanisms’ produce change.
The use of systems approaches, such as causal loop dia-
grams [24], to pictorially demonstrate these CMOs pro-
vides a wuseful visual tool to help illustrate the
assumptions, and links that influence behaviour [25]. Al-
though systems methodologies have been recommended
when trying to identify and visualise program theories
within complex systems [25], and realist review method-
ology can be integrated with complex systems thinking
in knowledge synthesis [26]; to date there has been a
lack of combined application of systems approaches and
realist methodology to program evaluation, in particular
in the context of scale up. In addition, realist evaluation
methodology has typically relied on intra-programme
comparisons (i.e., comparisons across different groups
involved in the same program) and testing the program
theories of individual discrete programs. This has led to
a debate surrounding the generalisability of CMO con-
figurations [27], and questions regarding the extent to
which there are ‘portable elements’ (e.g., generalisable
aspects) of program theories [28] that can be applied
across programs and/or processes. In the context of scal-
ing up, identifying the portable elements (also referred
to as ‘mid-range theories’) and how they can be com-
monly applied across a variety of areas [28], will im-
prove our understanding of their influence on
achieving specific outcomes when scaling interven-
tions in similar contexts.

There is a gap in the literature surrounding the use of
realist approaches to identify common elements of pro-
gram theories across multiple interventions involving
many stakeholders and contexts. There are also few
studies that have attempted to understand and develop
CMO configurations related to a process (i.e., scaling up)
as opposed to a discrete intervention’s activities and out-
comes. As such, how different parts of the system relate
to one another when scaling interventions, in addition to
the specific activities of the intervention that lead to cer-
tain outcomes, has yet to be explored. The purpose of
the present study was to combine realist principles and
systems analysis (causal loop diagrams to pictorially
demonstrate the relationships between contexts, mecha-
nisms and outcomes) to explore the drivers underpin-
ning implementation outcomes at scale and how these
differed by key academics, practitioners and policy-
makers involved. Instead of focussing on ‘what went on’
during scale up (i.e., barriers and facilitators experi-
enced) and whether scale up led to a sustainable popula-
tion health impact; a core aim was to ascertain whether
generalisable CMOs existed, which could be applied to a
process (scaling up) as opposed to primarily a program.
Using CMO configurations, we hypothesise how scaling
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up processes occur in order to generalise about the
mechanisms underpinning scale up.

Methods

Study design

The ‘Scaling Up InTErventions’ (‘SUITE’) project aimed
to understand the mechanisms associated with success-
fully scaled up physical activity and nutrition interven-
tions globally, including how mechanisms differ by
scaling up context. Using data from Australian interven-
tions included in the SUITE project, we conducted a
mixed method study to identify and assess physical ac-
tivity and nutrition interventions previously imple-
mented at scale or planned for implementation at scale
in Australia during 2010-18. We defined an ‘interven-
tion’ as “a set of actions with a coherent objective to
bring about change or produce identifiable outcomes”
[29], but for the purposes of this study, included only re-
searcher and non-researcher (e.g., community/govern-
ment) led programs and initiatives, and excluded those
described as a policy, strategy or government regulation.
Included interventions were not required to have dem-
onstrated effectiveness on health or behavioural out-
comes. We define ‘successfully scaled up’ as those
interventions that have achieved state or national roll-
out via governments, and not necessarily having demon-
strated any effectiveness on health or behavioural
outcomes.

Participants included key stakeholders representing
academic, government and non-government organisa-
tions (NGOs), involved in scale up. Drawing on a realist
perspective, which adheres to RAMESES 1II reporting
standards for realist evaluation [30], the study involved
four distinct phases (Fig. 1). Phase 1 identifying previ-
ously or currently scaled-up physical activity and/or nu-
trition interventions in Australia (2010-18); Phase 2
generating initial program theories (in the form of
CMOs) from the WHO ExpandNet framework for scal-
ing up [9]; Phase 3 testing and refining the program the-
ories via online surveys and realist interviews, and;
Phase 4 generating a cross-case mid-range theory and
systems models. For the purposes of this paper, CMO
configurations are based on interview data and only de-
scriptive data from online surveys is used. The design
and methods of each phase are described below.

Phase 1: Identifying scaled-up physical activity and
nutrition interventions

Inclusion criteria Interventions were required to meet
the following inclusion criteria: (i) implemented at a
state, territory or national level during 2010-2017, or
planned for implementation at a state, territory or na-
tional level during 2017-2018; (ii) rolled-out or planned
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PHASE 1: Identifying scaled-up

interventions

v

Via online databases/ grey literature searches and subject
matter expert recommendation

PHASE 2: Developing theory;
Generating CMO configurations
from the WHO ExpandNet

framework for scaling up

A 4

An initial set of 40 Context-Mechanism-Outcome
configurations (CMOs) were identified using the four key
principles and five (of the six) core areas for enhancing
scale up recommended by the WHO:

(1) Innovation attributes

(2) User organisation attributes
(3) Environment attributes

(4) Resource team attributes
(5) Scale up strategy

A 4

PHASE 3: Testing and refining

initial program theories

A 4

Stakeholders in academia, government and non-government
organisations involved in scaling up interventions (from
PHASE 1), completed a survey and interview to test and

refine the 40 CMO configurations (from PHASE 2). This
led to the development of case-specific CMOs of scaling up

PHASE 4: Generating cross-case
mid-range theory and systems

models

4

Case-specific CMOs (from PHASE 3) were aggregated and
synthesised across all interventions to determine a
generalisable, ‘cross-case’ mid-range theory of scaling up.

Causal loop diagrams pictorially demonstrated the cross-case
CMOs within two systems models of scaling up; refined and
validated with a sub-sample of participants (from PHASE 3)

Fig. 1 Study methodology

for roll-out with a state or Federal government, as op-
posed to only via an industry or NGOs; (iii) a primary
objective of improving physical activity and/or nutrition
in accordance with the Australian Physical Activity
Guidelines [31] and/or Australian Dietary Guidelines
[32], respectively, and; (iv) publically available informa-
tion on the intervention, scale up process and program
lead contact details, to determine relevance to the study.
As scale up is highly contextual, for the purposes of this
paper, we only include interventions scaled up in
Australia during 2010-18 to ensure we captured more
recent scale up efforts and thus increase the potential
generalisability of our findings as a result. Preliminary
screening was conducted immediately after online and
grey literature searches to remove duplicates, non-
relevant programs/website links and those not planned
or actually scaled up. Remaining interventions were then
screened against the study inclusion criteria listed above.
Figure 2 presents the search results.

Online database searches Interventions were identified
from the peer-reviewed literature (e.g. implementation/
dissemination papers or protocol papers), using pre-
specified search terms and online databases (e.g. EBSCO
host) (databases and search strings are presented in
Additional File 1). For consistency with previously pub-
lished research and to ensure coverage of the appropri-
ate literature, search strings were adapted from those

used by Reis et al. (2016) [7] to the Australian context,
and a research librarian was consulted during their de-
velopment and testing. Database searches were con-
ducted from 01/01/2010 to 05/02/2018 resulting in 117
interventions. Full articles were assessed in instances
where intervention titles and abstracts provided insuffi-
cient information relating to the inclusion criteria. In
total, 103 interventions were removed during prelimin-
ary screening, resulting in 14 interventions for assess-
ment against the study criteria.

Grey literature searches A grey-literature search was
conducted via Google to capture any government or
non-government led initiative that was not reported in
the online peer-reviewed databases, (search strings are
presented in Additional File 1). The search resulted in
42,100 hits, of which the first 50 results were preliminar-
ily screened. In instances where the program link or
publically available document provided insufficient infor-
mation relating to the study inclusion criteria, further
Google searches of the initiative were conducted (e.g.,
via the program’s website) to determine eligibility.
Thirty-four interventions were removed during prelim-
inary screening, resulting in 16 interventions for assess-
ment against the study criteria.

Subject matter expert recommendation To capture
any additional potentially relevant interventions, an
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Exclusions (n=103)

Exclusions (n=34)
* Non-relevant program/link

* Duplicate (Online
databases) (n=76)

* Non-relevant program/link
(n=16)

* Not planned for/scaled up

Interventions
identified via
online database
searches (n=117)

(n=29)
* Duplicate (Google) (n=3)
* Duplicate (Online databases)

(n=1)

Interventions
identified via grey
literature (Google
searches) (n=50)

(n=11)

* Not adopted by state/Federal
government (n=1)

Interventions included (n=30)
* Online databases (n=14)
* Grey literature (n=16)

}

Interventions identified via
Subject matter experts (n=27)

_| Exclusions (n=4)

* Duplicate (Google) (n=4)

A

Exclusions (n=44)

* Lack of publically available
information (n=19)

* Not a discrete intervention
(e.g., policy/strategy) (n=12)

criteria (n=53)

Records screened against study

* Online databases (n=14)
* Grey literature (n=16)
* Subject matter experts (n=23)

* Research team conflict of
interest (n=6)

* Alternate primary outcome
(n=3)

* Intervention not scaled up

A 4

Y

(n=2)

* Not scaled up within date
range (n=1)

* No state/Federal government
involvement (n=1)

Exclusions (n=2)

Final interventions included (n=9)

| * Not scaled up at time of data
collection (n=1)

I

* Unable to recruit (n=1)

analysis (n=7)

Interventions included for

Fig. 2 Intervention search results

opportunity sample of 14 subject matter experts in an Aus-
tralian University (Professors [# = 6] and senior academics
[ = 8]), working in the design, implementation and/or scale
up physical activity (n=7) and nutrition (n="7) interven-
tions were approached and asked to identify specific exam-
ples of scaled up interventions within the Australian
context. Experts were recruited to ensure equal representa-
tion of both nutrition and physical activity research, and
identified 27 interventions, of which four were duplicates
with the grey literature search. Twenty-three interventions
were included for screening against the study criteria.

Final screening Figure 2 presents a breakdown of the
search results and reasons for exclusion. Fifty-three in-
terventions were assessed against the study inclusion cri-
teria by HK, SC, ML and JS (screened interventions
listed in Additional File 2). Forty-four interventions were
excluded, mostly due to a lack of publicly available

information, as well as for a variety of other reasons,
resulting in nine interventions which met the inclusion
criteria. Two of the nine interventions were subsequently
removed, as one was about to be scaled and we were not
permitted to publish our data until after the program
launch, and the other we were unable to recruit partici-
pants. Seven interventions were therefore included in
the final analyses and they targeted improvements in nu-
trition (n = 1), physical activity (n =1) or a combination
of both (1 =5).

Phase 2: Developing theory: generating CMO configurations
from the WHO ExpandNet framework for scaling up

The WHO ExpandNet framework for scaling up [9] pro-
vided the theoretical framework for this study and
formed the basis for developing the initial program the-
ories. The guide contains four key principles for enhan-
cing scale up which relate to the intervention (ie.
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components are perceived as new in a particular con-
text), testing of the intervention (i.e. evidence-based),
that scaling up involves deliberate efforts (i.e. a guided
process as opposed to spontaneous diffusion) and, that it
fosters program and policy development on a lasting
basis (i.e. developing and establishing political support).

The guide incorporates six core areas for consideration
during scale up: 1) Innovation attributes — for consistency,
herein referred to as ‘Intervention attributes’ - (e.g., features
that increase the likelihood of an intervention being success-
fully transferred, such as credibility, relevance and compati-
bility); 2) User organisation attributes (e.g., organisational
characteristics such as perceived need and implementation
capacity); 3) Environment attributes (e.g., opportunities in
the environment to minimise constraints or accelerate insti-
tutionalisation, such as the policy context and bureaucracy);
4) Resource team attributes (e.g., features that increase like-
lihood of attaining scale up goals, such as a unifying vision
and effective leadership); 5) Scale up strategy (e.g., plans and
actions necessary to establish intervention such as advocacy
strategies, and monitoring and evaluation) and; 6) Planning
and management (e.g,, strategic monitoring and consistent
attention to the scaling up process, and maintaining an ap-
propriate balance among elements of scaling up system, such
as recognising when trade-offs are necessary).

The four key principles and five of the six areas for con-
sideration (excluding ‘planning and management based
on relevance to the study aims) were used to identify an
initial set of 40 CMOs for testing and refinement in Phase
3 (Additional File 3 presents application of the WHO
ExpandNet framework to data collection measures). The
40 CMOs were derived by reviewing and mapping de-
scriptive content within the WHO framework within an
excel database against the six areas for consideration. For
example, the WHO ExpandNet framework refers to the
fact intervention attributes need to have “relative advan-
tage over existing practices so that potential users are con-
vinced that the costs of implementation are counteracted
by the benefits” (Page 11), which contributed to the CMO
“Intervention was a new approach to existing efforts
[CONTEXT] - Intervention provided an alternate ‘way’ of
addressing problem (i.e. either via its components or strat-
egy) [IMECHANISM RESOURCE] - Intervention provided
a greater advantage over previous efforts (i.e. integrated
into existing practices or had never been done before)
[MECHANISM REASONING] - Increased stakeholder
buy-in and support for scale up, improved implementation
and sustainability [OUTCOME].

Phase 3: Testing and refining initial program theories
Participants and recruitment Participants representing

the seven scaled up interventions (identified in Phase 1)
were grouped according to three stakeholder groups: 1)
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academia (University-based academics responsible for
designing/testing the intervention), 2) government (pol-
icy-makers/civil servants involved in government adop-
tion and/or implementation of the intervention), and 3)
non-government (stakeholders in Non-Government Or-
ganisations [NGOs], industry or community-based orga-
nisations that had a significant role in the scale up
process). Participants were recruited in two phases: (1)
purposive sampling to identify individuals named in
publications/reports associated with each intervention;
and (2) a snowball sampling technique to identify add-
itional individuals that had a significant role in scale up
but may have been missed during purposive sampling.

Data collection procedure All participants were invited
via email to participate in an online survey (< 20 min)
and follow-up telephone interview (<1h). Interviews
were conducted in a realist ‘teacher—learner’ style [33] to
explore participants’ experiences of scaling up. The
teacher-learner style involves providing the interviewee
with the program theory (ie, concepts in the WHO
ExpandNet framework for scaling up), which is subse-
quently commented on and refined accordingly. The
roles of the teacher and learner are interchangeable
throughout the interview in order to think through and
understand the complexities involved [33]. This type of
interviewing was integral to meet the aims of this study,
as it was possible to move beyond simply exploring par-
ticipants’ experiences of scaling. Instead, we were able to
make inferences about the phenomena in question and
re-test these inferences against existing theory or prac-
tice during interviews. Interviews identified important
outcomes to test and refine the initial 40 CMO configu-
rations, and were audio recorded for later transcription.

Measures Twenty-five interview questions were used,
derived from the WHO report 20 Questions for Devel-
oping a Scaling up Case Study’ [34], and the four key
principles and five areas for consideration in the WHO
ExpandNet framework for scaling up [9]. Example ques-
tions include: “How did the intervention meet the goals
or objectives of the different systems (e.g. health, educa-
tion, policy priorities) that it was integrated into?” (Inter-
vention attributes); “Were any strategies developed,
either by the research team or stakeholders, to ensure the
target settings had the capacity to actually implement
what was required of them?” (User organisation attri-
butes); “Did the political context at the time the interven-
tion was ‘rolled-out’ affect your efforts or any resources
that were needed for scale up?” (Environment attributes);
“Was there a role for policy advocates? Were they used to
promote the intervention within government or to make
decisions on wider roll-out in general?” (Resource team
attributes); “What were the advantages disadvantages to
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the approach [centralised or decentralised or both] taken
in scaling up (Scale up strategy), and; “Was there a
process to monitor and evaluate how the intervention
was progressing?” (Monitoring and evaluation). The key
principles and areas for consideration in the WHO
framework were used explicitly and systematically
throughout the interview process, to represent an initial,
rough program theory, which was then tested and re-
fined by interviewees.

Analysis Online survey data were analysed descriptively.
Interview transcripts were transcribed verbatim for real-
ist analysis. Three members of the research team (HK,
SC, HD) read a sample of the interview transcripts, orga-
nising the data according to the initial program theories
(CMOs), and creating new codes for instances of emer-
gent CMO configurations. As participant experiences of
scale up were anticipated to include both shared and
unique perspectives, no minimum number of responses
relating to a CMO was required for an emergent CMO
to be accepted. Transcripts were coded by participant
group (government, non-government and academia).
Emergent CMOs were compared and discussed until
consensus was reached between the three members of
the research team, leading to a refined list of ‘case-spe-
cific’ CMOs. The case-specific CMOs related to each in-
dividual intervention were then synthesised across cases
(by HK and SC). Synthesis involved identifying CMOs
that contained similar or overlapping content and then
combining these multiple CMOs to form one CMO that
was representative for all the cases. Outcomes were then
used to produce a set of CMOs reflecting participants’
experiences of the scaling up process.

Phase 4: Generating cross-case mid-range theory and
systems models

To develop a generalisable interpretation of the
mechanisms underpinning scale up, Phase 4 involved
program theory refinement by determining which
case-specific CMOs from interviews (Phase 3) offered
the most robust and plausible explanation of the pat-
tern of outcomes.

The case-specific CMOs were aggregated and synthe-
sised across all cases according to common mechanisms,
to inform a more generalisable ‘cross-case’ mid-range
theory and hypotheses about the scaling up process. Due
to participants’ integration of several concepts and/or
emphasis of embedded concepts within the core areas,
we combined ‘user organisation attributes’ and ‘resource
team attributes’, and created a new area ‘monitoring and
evaluation’, which was previously included within the
‘scale up strategy’ domain.

Systems analysis involves identifying components of
a system, generating a mental model of the
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relationships between those components, and then
depicting this model as a causal loop diagram [24].
For the purposes of this study, systems analysis was
used to understand the relationships within individual
CMOs underpinning the scale up process. In this
paper, causal loop diagrams (herein referred to as
‘systems models’) provide a visualisation of the cross-
case CMOs that were identified through interviews.
Unlike other systems approaches, such as system dy-
namics, the pathways displayed in the systems models
always begin with a scaling Context, end with a scal-
ing Outcome, as a result of specific Mechanisms; and
thus feedback loops are not depicted. The systems models
were produced using Kumu relationship mapping soft-
ware (2019) (Retrieved from https://kumu.io/). For refine-
ment and model validation purposes, subject matter
experts (a subsample of participants [# = 12] representing
all three participant groups) provided feedback on the
systems models via videoconferencing.

Results
Of the seven scaled up interventions assessed, one
targeted improvements in nutrition, one targeted

physical activity, and five focused on a combination of
both. Representing these interventions, 26 participants
completed surveys (n=4 government; n=7 non-
government; n = 15 academia), and of those, 19 partici-
pated in an interview (n=3 government; n=5 non-
government; # =11 academia). Tables 1 and 2 present
descriptive information on participants and the seven
scaled up interventions, respectively.

Mechanisms underpinning scale up: relationships with
scaling up context and outcomes

Sixty-three pathways depicted relationships between 36
scale up contexts and 8 outcomes for successful scale up,
linked via 53 commonly occurring mechanisms (relation-
ships between mechanisms and outcomes described in
Additional File 4). Of the 36 scale up contexts, 5 also had
a role as mechanisms (e.g.,, innovation attributes [n =4]
such as the intervention was a ‘perceived priority/problem
on stakeholder agenda’, and environment attributes [n =
1], the ‘impact of political instability’). The 53 mechanisms
comprised both resources (e.g., materials to support imple-
mentation/funds) and reasoning (e.g., stakeholders’ re-
sponses to the context/situation). Whilst there were
commonalities in participant experiences, mechanisms led
to both intended and unintended consequences on scale
up outcomes, which are described below. These differed
based on the preceding context of scale up and partici-
pants’ perceptions of what was important and feasible
when scaling (e.g., prioritising some aspects over others).
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Table 1 Descriptive characteristics of interview participants
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Government (n =3)

Non-Government (n =5) Academia (n =11)

Age (range) 35-39years (1)
55-59 years (1)

45-49 years (1)

Sex Female (1)
Male (2)

Time in organisation <1year (1)

1-5years (2)

Time involved with intervention >1<6vyears (1)

26<10vyears (2)

30-34 years (1) 30-34 years (1)

1
40-44 years (2)

40-44 years (1)

45-49 years (1) 45-49 years (4)

50-54 years (1) 60+ years (4)

60+ years (1)

Female (4) Female (10)

Male (0) Male (1)

Prefer not to say (1)

< 1year (1) < Tyear (1)

1-5years (3) 1-5years (4)

6-10years (1) 6-10vyears (2)
11-15years (1)
16-20 years (1)
21-25years (1)
> 25 years (1)

< 1vyear (1) < 1<6years (9)

21 <6years (2)
26< 10vyears (1)
Prefer not to say (1)

26< 10years (1)
210< 15years (1)

?One participant reported time involvement in date range (years) only; therefore 12 months involvement per year was assumed

Government participants’ perceived relationships in scale
up

Overall, individuals working in government (n =3) who
were interviewed tended to have more of a systems per-
spective on what was required to achieve intervention
embeddedness and sustainability at scale (e.g., discussion
of the need for interaction and support for scaling across
multiple systems involved), compared to non-
government and academic participants. Four CMOs
unique to this participant group emerged, corresponding
to three of the five WHO core areas: ‘user organisation
and resource team attributes’ (#=2), ‘environment

Table 2 Descriptive characteristics of scaled up interventions

attributes (policy context)’ (n =1) and ‘scale up strategy’
(n=1). Enhanced long-term sustainability was attributed
to early involvement of policy entrepreneurs and cham-
pions during intervention design and testing. Key mech-
anisms were the early identification of resources and
strategies at multiple levels of government, both within
and outside of the health system. This meant govern-
ment buy-in and support, and thus politically well-
connected advocates, were able to champion the timing
of scale up. In relation to the policy context, sustainabil-
ity was perceived to increase due to the scale up ap-
proach leveraging opportune political moments, which

Intervention name Intervention type Target Population and setting Scale up  Scale up
outcome time level
frame

Stephanie Alexander School-based food education Nutrition  Primary schools 2005- National

Kitchen Garde [35] program ongoing

PEACH (Parenting Eating Community-based multi- PA & Families with overweight/obese children  2013-2016  State (QLD)

and Act for Child component group educational Nutrition aged 5-11 years, Community settings (QLD)

Health) [36] sessions

Munch and Move [37] Training and resources for early ~ PA & Children aged 0-5 years, Early childhood  2013- State (NSW)
childhood educators Nutrition  education and care services ongoing

Live Lighter [38] Educational mass media PA & Adults, mass media and social media 2012-2015  State (WA,
campaign Nutrition VIC, ACT &

NT)

Physical Activity 4 Everyone Whole-school physical activity PA Adolescents, Disadvantaged secondary 2017 - State (NSW)

[39] program schools ongoing

OPAL (Obesity Prevention Community development and PA & Children through families, Community- ~ 2009-2017  State (SA)

and Lifestyle) [40] social marketing Nutrition  based

Go4Fun [41] After school obesity prevention PA & Children 7-13 above a healthy weight, 2009- State (NSW)
program Nutrition ~ Community settings ongoing

Information in table relates only to scale up period for each intervention. PA Physical Activity, Australian states: SA South Australia, QLD Queensland, NSW New
South Wales, WA Western Australia, ACT Australian Capital Territory, NT Northern Territory
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was largely achievable if scaling was designed to be re-
sponsive to real-world conditions and thus changes in
the political environment. Conversely, a lack of under-
standing of the strengths/weaknesses in the delivery set-
ting was linked to both potential reductions in uptake
and effective implementation at scale, yet also enhanced
implementation. Implementation could be enhanced,
despite a lack of prior understanding of the delivery set-
ting, due to the fact that resources (e.g. training) or in-
centives (e.g. supportive policies) were retrospectively
integrated, which minimised the impact of weakness as
roll-out takes place. A key mechanism in this instance
was the avoidance of putting in ‘parallel’ processes (i.e.,
duplicate or conflicting processes that already existed in
the delivery setting), irrespective of whether these pro-
cesses were identified prospectively or retrospectively.
An understanding of the costs of going to scale prior to
roll out associated with increased intervention imple-
mentation and sustainability, but critically, these re-
sources needed to be explicit and from diverse sources.

Non-government participants’ perceived relationships in
scale up

Participants representing NGOs (n=5) had a broadly
consistent understanding of the mechanisms underpin-
ning scale up as with government participants. Nine
CMOs unique to this participant group were developed,
corresponding to four of the five WHO core areas:
‘intervention attributes’ (# =5), ‘environment attributes
(policy context)’ (n=1), ‘scale up strategy’ (n=2) and
‘monitoring and evaluation’ (1z=1). Participants de-
scribed increased stakeholder buy-in and support for
scale up as associated with evidence, but also pointed
out that this evidence need not relate to the target pur-
pose of the intervention. Rather, legitimacy of the evi-
dence base was perceived based on ‘value’ of the
intervention and evidence that may be indirectly related
(e.g. evidence for the intervention strategy or underpin-
ning model more broadly, but not necessarily for the
outcome of interest). The intervention was still per-
ceived as credible and politically favourable, despite not
providing direct evidence for impact, as it provided a
new/alternate strategy than previous approaches. These
perceptions were a key mechanism for increased legiti-
macy in the community and among stakeholders, and
subsequent scale up. In addition, when stakeholder
expectations and perceptions of important/persuasive
evidence were taken into consideration over time, in-
creased stakeholder confidence and subsequent buy-in
to support the intervention was achieved. Tailoring data
collection to collect evidence perceived as credible
among stakeholders was a key mechanism for buy-in,
despite that this need not necessarily lead to practice/
policy impact.
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Conversely, interventions that were not designed for
scale up when originally tested, meant retrospective
resource (physical and fiscal) development was re-
quired (e.g., change agent role moving from centra-
lised position to become included in end user
organisation). As a result, reactive actions to support
the intervention and implementation process was per-
ceived more appropriate for real-world settings, lead-
ing to potentially greater sustainment at scale. Whilst
interventions may lead to outcomes relevant to mul-
tiple systems (i.e., health and education systems), an
overemphasis on health outcomes compared to
others, lead to a lack of system-level intervention
embeddedness at scale. The key mechanism in this
instance was the lack of alignment with the goals
of the system(s) that the intervention is linked to
and thus not on the agenda of multi-sector
stakeholders.

In terms of environmental attributes (political con-
text), only participants from NGOs referred to a thor-
ough understanding of government/political structures
as an enabler to strategically position key advocates to
gain political support for scale up. This understanding
was perceived to be effective as it resulted in the re-
sources (e.g. time and funds) for stakeholder engagement
and embedding the intervention in practice were
planned for. A ‘bipartisan’ approach to strategic engage-
ment ensured key government stakeholders supporting
the intervention were present, and the intervention
retained high awareness and value among key political
actors. As a result, political support for scaling was
initially maintained.

Regarding the scale up strategy, only NGO partici-
pants described diversifying support/resources for im-
plementation from within and outside of government
(e.g., philanthropic, corporate) to enable ‘robustness’
during unstable political climates such as changes in
government and funding. Planning resources so the
intervention remained ‘on the agenda’ was linked to
sustainable commitment to implementation. Partici-
pants described how a lack of embedded monitoring
and evaluation within the implementation/scale up
process from the outset, meant ‘visual accounts’ of
implementation (e.g., presence of intervention compo-
nents during site visits) were used to infer interven-
tion impact. Measures were retrospectively put in
place in response to stakeholder requirements for
monitoring data, however, the absence of formal mea-
sures from the outset undermined evidence of impact
and limited practice/policy impact. Perceived lack of
understanding and value placed on formal evaluation
measures compared to more powerful/important sub-
jective ‘visual accounts’ of impact, was a key mechanism
underpinning this scale up outcome.
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Academic participants’ perceived relationships in scale up
Overwhelmingly, compared to other participant groups,
academics (7 = 11) emphasised monitoring and evaluation
and the role of evidence as a crucial mechanism in the de-
cision to scale interventions and sustain their implementa-
tion. Twelve unique CMO configurations emerged among
this group, corresponding to four of the five WHO core
areas: ‘intervention attributes’ (n = 5), ‘environment attri-
butes (policy context) (n=1), ‘scale up strategy’ (n=3)
and ‘monitoring and evaluation’ (n = 3). In general, partici-
pants had less of a systems perspective and understanding
of what was required for system embeddedness at scale.
Academics described the context of an intervention being
evidence-based, but based on testing in a different context
(e.g., tested in another State) or aspects of the intervention
being evidenced-based (e.g., underlying concepts) but
tested in a controlled trial as opposed to a real-world set-
ting. Irrespective of the evidence-base context, participants
reported that an intervention was perceived as credible
and more likely to solve the problem, and thus generated
increased stakeholder buy-in and support for scale up. Ac-
cording to the academics, a direct evidence base was not
required for stakeholder buy-in; however, stakeholder ex-
pectations of important/persuasive evidence were taken
into consideration, potentially leading to less evidence for
impact on target outcomes due to the focus of the mea-
sures used. Mechanisms underpinning this related to the
conflict between academic’s preferences for evaluation
measures and stakeholder perceptions of persuasive
evidence.

There was a direct relationship between the environ-
mental context (policy) and a lack of evidence for the
potential impact of an intervention on the target out-
comes. Political favourability meant sustained political
funding and support was observed, whereas, a lack of
understanding of complex government/political struc-
tures lowered political support for scale up. This was
perceived as a result of unanticipated resources required
during scaling up, and low awareness and value placed
on the intervention among key political advocates. In re-
lation to scale up strategies, spontaneous rollout as a re-
sponse to political funding and need to meet targets,
meant interventions were omitted from a long-term sus-
tainability agenda at all levels. Lack of preparation and
lead in time meant the focus of scale up was on achiev-
ing scale up targets (i.e., reach). Such focus meant the
intervention was perceived as an additional ‘extra’ to
already committed program agendas, as opposed to en-
suring quality of the scale up process and achieving
embeddedness.

Systems models of scaling up
The cross-case CMOs and interrelations generated from
interview data during Phase 4 were integrated into two
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systems models of scale up. Figure 3 presents a Systems
Model of Scaling Up, which depicts the relationship be-
tween eight major outcomes underpinning scale up and
the five key areas in the WHO framework. Figure 4 pre-
sents an expanded version of Fig. 3, a Complex Systems
Model of Scaling Up, which illustrates, in detail, 63 dif-
ferent CMO configurations (pathways) leading to suc-
cessful scale up. Variables in the Complex Systems
Model were colour coded according to the five core
WHO framework areas, with delay symbols indicating
the dynamics (time lags) between variables. Those vari-
ables highlighted with black rings indicate a ‘Context” for
scaling. Member checking confirmed the relationships
depicted in the systems models, and led to refinement of
visual and descriptive aspects for greater clarity (e.g., re-
moving coloured lines that misleadingly implied a
greater ‘importance’ of some areas over others, and pro-
viding in-text definitions of some terms used).

The five key areas of the WHO framework were all linked
to the eight key outcomes for successful scaling, however the
number, length and complexity of the CMO pathways varied
greatly. The greatest number of pathways corresponded to
intervention attributes (z = 29), most of which led to com-
munity sustainability/embeddedness (n=11), followed by
stakeholder buy-in/perceived value (1=8), replication in
other contexts (1 =4), community adoption (n = 4), political
buy-in/support (n = 1) and evidence for impact on the target
outcome (1 = 1). Scale up strategy pathways (n = 13) led to
stakeholder buy-in/perceived value (#=4), community sus-
tainability/embeddedness (n = 3), systems level (policy) em-
beddedness (n=2), replication in other contexts (n=1),
evidence for impact on target outcome (n = 1), community
adoption (7 =1), and political support/buy-in (n=1). User
organisation and resource team attributes pathways (1 =
8) led to institutional implementation capacity (n = 3), polit-
ical support/buy-in (# = 3), community sustainability/embed-
dedness (n=1) and community adoption (n=1).
Environment attributes (political context) pathways (n =7)
led to political support/buy-in (n=5) and community sus-
tainability/embeddedness (n =2). Monitoring and evalu-
ation pathways (n=6) led to community sustainability/
embeddedness (1 =5) and only one was linked to evidence
for impact on the target outcome.

Discussion

To our knowledge, this paper provides the first evidence
for mechanisms underpinning outcomes required for the
successful scale up of a selection of state or nationally
delivered physical activity and nutrition interventions in
Australia. This paper also demonstrates a novel ap-
proach to determining generalisable relationships when
scaling up interventions with governments, by combin-
ing a theory-driven realist and complex systems ap-
proach, within a multiple cross-case comparison design.
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Our systems models of scale up provide a visual tool for
policy-makers, practitioners and academics wishing to
plan and evaluate future scaling efforts. Findings from
this study address a major gap in the scale up literature.
Our outcomes provide theoretically generalisable rela-
tionships between scaling up contexts and subsequent
outcomes, highlighting commonly occurring mecha-
nisms that could potentially be leveraged during future
scale up efforts, to influence population impact. Findings
will advance academic, practitioner and policymaker
knowledge of possible actions and leverage points to
achieve population impact of interventions at scale.
Consistent with previous research that has categorised
the varied pathways of scale up [49] and suggested non-
linearity of the process [42], our findings explicitly illustrate
the inherent complexity of scale up, including the many in-
terrelations between and within relevant scale up domains.
The findings thus demonstrate that achieving intervention
implementation at scale is dependent on a complex set of
interacting variables. Although the eight core outcomes we
identified as key to successful scale up were consistent with
the WHO framework for scaling up [9], their perceived im-
portance, role and relationship to other factors when scal-
ing up differed greatly. Unsurprisingly, the most commonly
occurring and consistent relationships were those related to
the WHO framework domain ‘intervention attributes’.

More than three times the number of mechanisms and
more than double the number of pathways were identified
in this domain, compared to the four other areas of the
WHO framework. Emphasis on the intervention as the
focal point of scaling is to be expected given that the inter-
vention is the primary entity that is being replicated or ex-
panded, and may be what individuals involved in scaling
have greatest control and influence over.

Although the WHO scale up framework characterises
scaling up as an “open system with interrelated elements”
[9], we found emphasis on the framework domains dif-
fered greatly. For example, environment attributes (policy
context) and user organisation/resource team attributes
had the fewest number of variables. Outcomes ‘institu-
tional implementation capacity’ and ‘system level (policy)
embeddedness’ had the fewest number of CMO pathways.
Consistent with previous research, which identified rela-
tionships with local and national stakeholders was per-
ceived integral to scale up success [43]; we found
community sustainability/embeddedness and stakeholder
buy-in/perceived value elicited the greatest number of
pathways. These findings may be interpreted in several
ways. Firstly, the delivery and implementation context, in-
cluding those supporting implementation and scale up
(e.g., the resource team), and system level institutionalisa-
tion may have a far less overt role and perceived impact
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on the outcomes and process of scaling up. Community
sustainability/embeddedness and stakeholder buy-in/per-
ceived value may have (or is perceived to have) a greater
and more complex role in scaling, and thus there are more
mechanisms and contexts involved. It could also reflect
the focus of knowledge and understanding of scaling in
public health, which typically focuses on the reach of in-
terventions over and above systems-related factors [42].
Although the role of health system strengthening is in-
creasingly recognised when scaling up international health
interventions [44], our findings could also reflect the lack
of mainstream recognition and understanding of the im-
portance of the implementation capacity of the delivery
setting, and system-level integration of factors when
scaling in physical activity and nutrition.

Previous research suggests that evidence for inter-
vention effectiveness in some areas is a prerequisite
for scaling up [45] and yet our study showed that
this need not be the case. Only three of the five
WHO framework domains (intervention attributes,

scale up strategy, and monitoring and evaluation),
were linked to ‘evidence for impact’ as a target
outcome, eliciting only one CMO pathway each.
Further, of the six CMO pathways related to ‘moni-
toring and evaluation’, only one pathway, discussed
by academics, was linked to evidence for impact.
This suggests that intervention evidence may play a
much smaller role in the decision making process
to commence and sustain scaling of interventions
than the other outcome variables. It could also
highlight that intervention evidence need not be
sufficient at meeting the needs of decision makers
when determining which interventions are ‘fit for
purpose’, as intervention designs may be inappro-
priate for translation into real-world settings or at
scale [14].

Research has also suggested that the potential for ef-
fective scaling includes, but is not limited to, its reach,
adoption, costs when delivered at scale and acceptabil-
ity/fit within the local context [9]. Again, we found
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inconsistent evidence to support this. Whilst the pres-
ence of these factors in our study were linked to in-
creased likelihood of scale up in some circumstances,
their presence was not imperative for an intervention to
be rolled out state-wide or nationally. In fact, we found
no difference in the CMO pathways for the likelihood of
an intervention being scaled up based on direct evidence
of effectiveness versus perceived potential intervention
impact. This finding may contribute to explaining the
lack of evidenced-based physical activity interventions
that have been successfully scaled [7]. Intervention advo-
cacy by respected persons in the community or govern-
ment could result from three different sources of
evidence: 1) indirect/related evidence of impact (e.g., evi-
dence from another country or based on best available
data that need not relate to the target outcome); 2) per-
ceived evidence of impact and perceived credibility (e.g.,
‘feel good’ visual observations of participant enjoyment
as opposed to actual behaviour change), and; 3) legitim-
acy of the evidence (based on the extent the intervention
was valued, e.g., evidence related to the intervention
strategy or underpinning model more broadly, but not
necessarily for the outcome of interest); all led to.

As has been shown previously [12], we found embed-
ded monitoring and evaluation meant scale up was re-
sponsive to implementation and potentially enhanced.
However, we found that evaluation data were perceived
as more likely to be used when governments considered
it as persuasive to address the issue at hand. Neither the
quality nor quantity of evidence was imperative for
informing physical activity and nutrition policy and
practice, rather, whether the evidence was ‘fit for pur-
pose’. For example, the intervention may have had a
demonstrable evidence base, but it could be used to ad-
dress a public health issue that it was not originally
intended for (e.g., designed to increase cooking skills
and knowledge, but implemented as a strategy to reduce
population obesity). Whilst it has been shown that in-
adequate integration of research into scale up efforts can
impede the success of scale up, we found having an
evaluation embedded in the scale up plan (context)
could lead to both an increase and decrease in the likeli-
hood of community sustainability/embeddedness (out-
come), depending on stakeholder perceived value and
understanding of formal evaluation data (mechanism).
Stakeholder buy-in and confidence of the intervention
was enhanced when their expectations and perceptions
of persuasive evidence were taken into account. This
was in spite of there being a perceived tension between
academics and stakeholders over the importance, pur-
pose, design, conduct and use of scale up evaluation
data. Whilst this highlights the importance of stake-
holder involvement in the design of interventions to en-
sure outcomes meet the needs of those involved [14], it
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also highlights that what is regarded to be quality evi-
dence synthesis and translation can be value-laden. Des-
pite being potentially unrelated to any practice/policy
impact, tailored data collection was perceived as credible
among stakeholders, and was key to subsequent buy-in.
However, this raises questions regarding the legitimacy
of evidence generation and value-driven evidence use.
These findings highlight important opportunities to use
program theory for intervention development, and the
use of participatory research designs to strengthen and
embed mutually agreed monitoring and evaluation
frameworks from the outset. Participatory research can
facilitate exploration of stakeholder perceptions of evi-
dence credibility, prior to evidence generation, and is
critical in planning for scale up [14].

Political alignment was the cornerstone of effective
scaling in the interventions included in this study, with
scale up encompassing much more than just ‘implemen-
tation of the intervention at scale’. Being reactive to un-
predictable and emerging issues in the implementation
and policy context was also linked to increased sustain-
ability at scale. Research into scale up from a complex
adaptive systems perspective supports the notion of pre-
paring for unpredictatbility, to enable continual adapta-
tion to stakehlder needs [46]. Likewise, beyond the
benefits of a research teams’ extensive knowledge of and
experience with stakeholders involvd in scaling pro-
cesses, and what is required for ‘implementation at scale’
[43]; there was still contextual variability of the systems
involved. For example, we found that irrespective of
similarities in the scale up context (e.g., a prior under-
standing of government/political structures), both
intended and unintended scale up outcomes occurred
(e.g., political support for the intervention could increase
or decrease as scale up was underway). This type of vari-
able and dynamic relationship has important implica-
tions for future approaches towards planning and
assessing potential scalability of interventions, in particu-
lar how we anticipate the likelihood of system-wide
institutionalisation [14]. The bi-directional and dynamic
relationships we identified between contexts, mechanism
and outcomes may contribute to explaining why there is
such huge variance in the success of scale up efforts.
Yet, if we consider current tools and guides aimed at
practitioners, policy makers and/or academics for deter-
mining intervention scalability, the rhetoric is centred
on a linear ‘context-to-outcome’ relationship. Establish-
ment of an ideal context for scaling (e.g., demonstrable
intervention effectiveness) is described as increasing the
likelihood of achieving an ideal outcome (e.g., increased
community reach and adoption), and yet the role of
mechanisms has largely been ignored.

Whilst planning for implementation and scale up is
recommended for improved scalability of population
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health interventions [7, 14], implementation models are
typically underused in the planning stages of real-world
physical activity interventions [47]. We identified 53 dif-
ferent mechanisms leading to successful scale up. This is
almost double the number of potential contexts for scal-
ing and more than six times the number of key out-
comes we found in this study; some of which were
responsive to time and effect as a result of ‘delays’.
Whilst tools and resources do provide a beneficial and
systematic way of ascertaining if certain parameters exist
prior to scaling, including what influence they may have;
their assumed, linear, context-to-outcome relationship
potentially oversimplifies what leads to an intervention
being adopted and widely implemented by governments.
For complex public health issues [48], a lack of emphasis
on the non-linear interactions between scaling contexts,
mechanisms and outcomes in current tools and re-
sources to assess intervention scalability; may limit their
effectiveness in practice. Whilst our findings reiterate
the importance and role of factors within the five do-
mains of the WHO ExpandNet framework for scaling
up, our results build on this tool by illustrating the dif-
ferent interaction between the domains and the relative
importance placed on the core areas by those involved
in scaling interventions. As such, we anticipate that our
systems models will extend existing resources dedicated
to the planning, implementation and evaluation of scale
up in consideration of systems, and can be used for in-
ternal and external advocacy, to generate funding, and as
a tool/checklist to illustrate the dynamic and complex
adaptive nature of scaling up.

We believe that the lack of current evidence in the
broader literature for mechanisms leading to successful
scale up, contributes to our lack of understanding of
how scaling occurs, why some interventions are success-
fully scaled over others, and how we might predict and
improve future scaling approaches. It may have also mis-
directed our focus on targeting those aspects which are
more easily influenced by academics, practitioners and
policymakers, such as intervention attributes and a
focus on outcomes at scale, when other more distal
factors such as perceived political favourability and
credibility of the evidence has received less focus in
planning for scale up.

Strengths and limitations

A key strength of this study is the integration of multiple
interventions and scale up contexts to develop poten-
tially generalisable mechanisms for future intervention.
Realist informed evaluation enabled a greater level of
insight into the complexities of scale up, advancing our
knowledge of possible actions and leverage points to in-
fluence contexts and activate mechanisms, to enhance
both academic, practitioner and policymaker efforts to
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achieve population impact in complex environments and
at scale. Recruiting participants working in government,
community-based organisations and in research enabled
a richer understanding of the complexities of scaling. By
validating our systems models with subject matter ex-
perts, we have greater confidence in the accuracy and
generalisability of our results.

This study is not without limitations. Firstly, our inclu-
sion criteria required that interventions were described
in a sufficient level of detail to determine eligibility (e.g.,
clear description of the primary objective). There is the
possibility that some relevant interventions may have
been excluded due to lack of publically available infor-
mation. Lack of available data on scaled programs is not
uncommon in public health research; Reis et al. identi-
fied an additional 56 scaled up physical activity interven-
tions globally via expert consensus to those identified in
their literature searches (1 =16) [7]. Whilst we cannot
rule out the possibility that some scaled interventions
may have been missed, to minimise the potential for this
we undertook a three phase search strategy involving
peer-reviewed and grey literature searches, followed by
expert consultation. Nonetheless, the lack information
on scaled interventions in the public domain does raise
broader questions regarding the transparency of
government-led programs and the potential misalign-
ment of real-world innovations with stringent research
parameters. Secondly, the search strings used in this
study were adapted from those used by Reis et al. [7],
which we developed and tested in consultation with a re-
search librarian. Although this strategy helped promote
consistency with the broader literature in the field, there
is always the potential that some relevant publications/
interventions may have been missed due to differences
in terminology used.

Conclusion

This paper provides important new evidence for the
complex, non-linear process of scaling up interventions
at a state or national level. Our findings challenge what
is currently considered as prerequisites for effective scal-
ing and criteria for intervention scalability, suggesting
other conditions may be imperative to determine the
likelihood of intervention adoption and implementation
by governments at a state or national level. Scale up
frameworks, assessment tools and guides for planning
and evaluation may need to move beyond a linear
context-to-outcome depiction of the scale up process, to
better incorporate the complexity and impact of mecha-
nisms on the scaling process. Future implementation
and scale up may be enhanced by approaches that plan
for complexity and adopt iterative strategies that encour-
age adaptation. Future research which disaggregates
mechanisms further, to understand why an evidence-
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based intervention may fail to achieve successful scale
up or the anticipated benefits in different contexts,
would enhance how we implement strategies when scal-
ing at a state or national level. The models developed in
this study could also be used to support the develop-
ment of computational system dynamics models, which
in turn could be used to identify different leverage points
and simulate the likely effectiveness of different inter-
ventions at scale. Greater awareness and consideration
of the complex interactions between the perceptions,
worldviews, values, goals and agendas of those involved
in scaling interventions may be necessary to increase the
potential adoption and ongoing implementation of
evidence-based interventions at a population level.
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