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Abstract 

Background  Systems science offers methods for designing population health interventions while implementation 
science provides specific guidance for successful implementation. Integrating systems and implementation science 
may strengthen implementation and enhance and sustain systemic change to achieve system-level outcomes. Little 
is known about the extent to which these two approaches have been integrated to date. This review aimed to iden‑
tify and synthesise the peer-reviewed literature that has reported the combined use of systems thinking approaches 
and implementation science constructs (within the same study), to deliver population health interventions.

Methods  A systematic literature search of peer-reviewed original research was conducted across six databases 
from 2009 to 2021. Journal manuscripts were included if they: (1) reported on a population health study conducted 
in a community, (2) reported the use of a systems method in the design of the intervention, and (3) used an imple‑
mentation science theory, framework or model in the delivery of the intervention. Data extracted related to the spe‑
cific systems methods and definitions and implementation science constructs used. The Mixed Methods Appraisal 
Tool (MMAT) was used to assess study quality.

Results  Of the 9086 manuscripts returned, 320 manuscripts were included for full-text review. Of these, 17 manu‑
scripts that reported on 14 studies were included in the final extraction. The most frequently reported systems meth‑
ods were a ‘whole of community systems approach’ (n = 4/14) and ‘community-based system dynamics’ (n = 2/14). 
Nineteen different implementation science theories, frameworks and models were used for intervention delivery, 
with RE-AIM being the only framework used in more than one study.

Conclusion  There are few published peer-reviewed studies using systems thinking and implementation science 
for designing and delivering population health interventions. An exploration of synergies is worthwhile to operation‑
alise alignment and improve implementation of systems thinking approaches.
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Contribution to the literature

•	 Research has called for the adoption of systems 
approaches to tackle complex problems, however 
there is limited understanding of ‘how to’ implement 
solutions designed using systems science.

•	 Multiple studies have reported the use of systems 
methods in the design of interventions, but few have 
yet incorporated implementation science into the 
delivery of the intervention.

•	 Although we found some scientific evidence of inter-
ventions combining both implementation science 
and systems science, there was no clear guidance on 
the role implementation science could play and how 
these two sciences can best be utilised together.

•	 These findings contribute to recognized gaps in the 
literature, including the potential of implementation 
science to contribute significantly to the implemen-
tation of systems approaches to addressing complex 
problems.

Background
Non-communicable diseases (NCDs) are responsible for 
almost 70% of all deaths worldwide [1]. Many of these 
deaths are preventable if causal modifiable risk factors, 
such as tobacco use, physical inactivity and unhealthy 
diets were addressed [2]. Relationships between drivers 
for NCDs (e.g. individual, environmental, societal, politi-
cal etc.) are complex and dynamic, leading to calls for the 
adoption of a systems thinking approach [3, 4]. Systems 
thinking approaches extend socioecological model (SEM) 
approaches by promoting work across multiple levels 
of the SEM and actively engaging feedback loops, time 
delays and seeking effective intervention points [5].

Systems science is a broad field of study that incorpo-
rates methodologies with a common goal of understand-
ing complexity [6]. Properties of complex systems include 
emergence, which is the collective behaviours of the sys-
tem, outcomes that would not be produced by individual 
components alone [7]. Complex systems are also adap-
tive and change behaviour in response to their current 
environment, therefore changes to a system are likely to 
create further adaptive responses from within the sys-
tem [8]. Systems utilise feedback, this circular causality 
leads to multiple elements within a system impacting 
others in a circular way, causing self-reinforcing or self-
correcting system behaviours [8]. Therefore when work-
ing with systems, an emphasis is placed on the ‘whole’ 
and the importance interactions between components is 
observed and managed where possible [9, 10]. Many sys-
tems methods (e.g. stock and flow diagram, causal loop 

diagram, systems dynamics modelling etc.) [6], facilitate 
this enhanced understanding of systems components and 
their interrelationships, and some methods also assist in 
the identification of solutions [11] and where resources 
are best placed to facilitate systems change [12–14].

Systems thinking approaches are increasingly being 
used in population health, particularly in community 
health and wellbeing [10, 15]. These efforts have targeted 
outcomes including determinants of obesity [16], ini-
tiatives related to school health [17], fruit and vegetable 
intake in children [18], policy options for tobacco control 
[19], and mental health [20]. There are over 25 differ-
ent systems methods that may be relevant to population 
health interventions [21, 22]. A recent review of system 
dynamics and agent-based models describes the expan-
sion of modelling into population health over the last 
10  years [23], but only four of these models mentioned 
the term ‘implementation’, and, in each case, this related 
to policy implementation [23]. There is emerging recog-
nition of the potential of systems-oriented implementa-
tion research [24].

Implementation science, as the study of methods to 
promote the systematic uptake of research into practice 
[27], has potential to provide guidance to the implemen-
tation of systems approaches [25, 28], through theoretical 
constructs that provide into successful implementation 
[27]. Historically, an implementation science ‘evidence to 
practice’ journey has been depicted as a linear process; 
however this does not align with the theory and practice 
of systems approaches to address complex problems [29]. 
To enhance the alignment between implementation sci-
ence and systems science, the dynamic properties inher-
ent within complex systems need to be considered [29]. 
Some implementation science theories, frameworks and 
models (TFMs) may more easily facilitate such adapta-
tion. Overall TFMs have three broad aims: to describe 
and/or guide the process of translating research into 
practice; to understand the determinants that influence 
implementation; and to evaluate implementation out-
comes [27]. A systems intervention, like any intervention, 
may require one or more types of these TFMs to guide 
the evidence to full implementation.

Within implementation science, over 150 TFMs exist, 
with less than a quarter being utilised within ‘system’ 
change interventions [28]. Historically, an implemen-
tation science ‘evidence to practice’ journey has been 
depicted as a linear process, however this does not align 
with the theory and practice of systems approaches to 
address complex problems [29]. To enhance the align-
ment between implementation science and systems 
science, the dynamic properties inherent within com-
plex systems need to be considered [29]. The potential 
for combining the two sciences of implementation and 
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systems has previously been identified [30]. North-
ridge [30] sought to enhance implementation science 
through the addition of best principles from systems 
science, e.g. problem modelling, important elements vs 
quantifiable elements, boundaries and a multi-compo-
nent approach. Some TFMs may more easily facilitate 
such adaptation. Overall TFMs have three broad aims: 
to describe and/or guide the process of translating 
research into practice (process frameworks); to under-
stand the determinants that influence implementation 
(determinants frameworks); and to evaluate implemen-
tation outcomes (evaluation frameworks) [26]. A sys-
tems intervention, like any intervention, may require 
one or more types of frameworks to guide the evidence 
to full implementation.

Interventions have reported a disconnect between 
systems thinking and implementation science in prac-
tice. Gerritsen reported on the use of Group Model 
Building (a method within community-based system 
dynamics) [31] to promote fruit and vegetable con-
sumption in a multi-cultural low-income commu-
nity in West Auckland, New Zealand. GMB helped 
the community identify community-led (e.g., bottom 
up) actions for implementation, but did not report on 
how that implementation would occur [18]. Gerritsen 
et  al. have reported that more work needs to be done 
to ensure that the implementation aspects are given 
due consideration in the design phase of GMB research 
[32]. This difficulty in implementing interventions 
designed using various systems methods has been ech-
oed by several authors [33, 34]. The Lancet Commis-
sion on Obesity noted that poor implementation limits 
the effectiveness of community interventions, ‘and a 
greater application of implementation science might 
help overcome these barriers’ [4].

This review aimed to identify and synthesise the peer-
reviewed literature that has reported the combined use 
of systems thinking approaches and implementation sci-
ence constructs within the same study, to deliver popu-
lation health interventions. The purpose was to inform 
enhanced intervention planning and research through 
combining the strengths of both implementation and 
systems science together in real-world applications. This 
review asks: What systems thinking and implementation 
science approaches have been used in combination to 
deliver population health interventions?

Methods
This review was prospectively registered with PROS-
PERO (CRD42021250419) and follows the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) guidelines [35].

Search strategy
A systematic search was conducted of the online data-
bases of Ovid Medline, Embase, Cochrane Central; 
and within the EBSCO Host platform: ERIC, PsycInfo 
and CINAHL for peer-reviewed studies published in 
English. The search included articles from 1 January 
2009 to date of search–15 March 2021. The year 2009 
was chosen as the starting point to align with the ini-
tial work of the intervention-level framework [36], the 
first published attempt to operationalise the systems 
science work by Donella Meadows on places to act in a 
system for public health interventions [13]. A research 
librarian assisted with the development, testing and 
subsequent translation of the search terms across the 
multiple databases used. Search terms explored con-
cepts of: health promotion, obesity, population health, 
community AND systems science or complexity terms 
AND implementation science terminology AND frame-
works, models or approaches. The full search terms can 
be found in Additional file 1.

Studies were included in this review if they were pub-
lished in English, and the:

1.	 study reported on primary or secondary preven-
tion specifically related to the uptake, adoption or 
implementation of a health promotion intervention, 
innovation or initiative or evidence-based practice, 
process, policy (hereafter ‘intervention’) related to 
healthy eating, physical activity, tobacco control, 
alcohol and other drugs, or mental health; and

2.	 intervention took place in one or more community 
settings or whole of community: e.g. school, work-
place, sports club, community health or other; and

3.	 manuscript explicitly stated that the study used a sys-
tems thinking approach; and

4.	 manuscript described the implementation of an 
intervention either through an explicit implementa-
tion science framework, model or theory; or via an 
author’s own implementation plan or theory.

In the reporting of results, the terms ‘intervention’, 
‘innovation’, ‘initiative’ or ‘evidence-based practice’ are 
collectively referred to as ‘interventions’.

Studies were excluded if the study:

1.	 related to ‘treatment’ of a pre-existing medical condi-
tion that is not generally considered preventable; or

2.	 was conducted in controlled settings, e.g., prisons or 
hospitals.
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Study selection
All titles and abstracts were screened twice. One 
author (JW) screened all titles and abstracts. The sec-
ond screening was shared between co-authors (PF, KB, 
TBR, EM, PL, CS, CB) and discrepancies on inclusion 
were resolved by CB. All full text articles were screened 
twice. JW screened all full texts and the second screen-
ing was shared between co-authors (PF, KB, EM, PL, 
CS). Conflicts were resolved by discussion with the two 
reviewers. Where agreement was not reached (n = 2), 
CB resolved outstanding conflicts.

Data extraction
Data extraction on the remaining 14 studies (17 manu-
scripts) was conducted by one author (JW) with the 
second review shared between co-authors (MB, TBR, 
KB, PF, PL, CS). PF and JW conducted consensus where 
disagreement arose between JW and the second data 
extractor.

The data extraction template collated data on the use of 
systems science in the design of the study and on the use 
of implementation science in the implementation of the 
study as reported by the author of each manuscript. Data 
extracted included the public health issue addressed, 
the use of systems terminology, definitions and methods 
used, study design, and specific implementation science 
TFMs applied. (Additional file 2).

Quality appraisal
The Mixed Methods Assessment Tool (MMAT) [37] was 
applied to all included manuscripts by two co-authors 
(JW (all), PF, MB, KB, CS, PL, TBR). MMAT was deemed 
suitable due to its versatility in appraising varying study 
designs, including qualitative, quantitative and mixed 
methods. All included studies met the two screen-
ing questions of MMAT which are: 1. Are there clear 
research questions? and 2. Do the collected data allow to 
address the research questions?, and then were appraised 
according to study design criteria. Unlike other qual-
ity appraisal tools, the MMAT discourages the use of an 
overall score (Additional file 3).

Results
The search returned 9086 manuscripts, of which 826 
were duplicates (Fig.  1). Of the remaining 8260 manu-
scripts, 7940 were excluded based on inclusion/exclusion 
criteria. Full-text review of the remaining 320 manu-
scripts meant 303 were excluded, leaving 17 manuscripts. 
The 17 manuscripts reported on 14 studies. Three stud-
ies were described in both a design manuscript and an 
implementation manuscript which were combined to 
ascertain the systems and implementation science meth-
ods utilised in the studies [38].

Of 14 included studies, three studies were conducted in 
Australia, four studies in the United States, three studies 
in the United Kingdom, and one study each of Canada, 
Austria, Ghana and Mexico, and New Zealand. Of the 
included studies, 30% reported an intervention duration 
of two years or less, 50% reported between three- and 
five-years duration, and 20% reported on studies that 
lasted six years or more. Thirty percent (30%) of stud-
ies aimed to promote health in schools, 30% to prevent 
childhood obesity, 20% to prevent chronic diseases, and 
others aimed to promote breastfeeding and food security, 
general community health and adaptation of evidence-
based health programs. Most studies (60%) targeted chil-
dren (0 to 18 years), 20% targeted all ages, and one study 
targeted mothers who wished to breastfeed. In terms of 
study design, 65% utilised mixed methods and 35% were 
qualitative studies.

Table  1 provides a summary of the studies included 
in this review, the first author, title, date of publication, 
country within which the study was conducted, inter-
vention duration, issue addressed, target population and 
study design.

The term ‘systems’ was used loosely across the studies 
(Table 2) which made it difficult to describe what systems 
approaches looked like in practice. Two studies reported 
on a multi-component, multi-setting intervention (The 
Scope Study) grounded on a systems approach [40, 41]. 
Four explicitly noted the importance of interconnec-
tions and relationships within the system under study 
[43, 44, 54, 55] for example, ….. Related terms were also 
used loosely. For example, three studies used ‘complexity’ 
to describe their systems approach [46–48]. Complexity 
was described as a self-organising system whose ‘whole 
is not simply a sum of its parts’ (48p.138), or a need to 
understand the causal mechanisms and impact pathways 
of policies and programmes [46] or more generally as 
‘complex adaptive systems that help to explain particular 
problematic situations and identify ways in which they 
might be improved’ ([47], p. 2).

Consequently, few studies reported using specific sys-
tems methods. Three studies reported using community-
based system dynamics and group model building [17, 
39, 42]. Others were more generic, referring to a systems 
approach to strengthening community leadership [49], 
a community-based systems approach with an empha-
sis on capacity building [50], and a whole of community 
systems approach [47]. The Scope Study described their 
multi-component intervention as a ‘modest and early 
effort’ to incorporate systems approaches within obesity 
prevention [40, 41]. Contextually, some studies operated 
at a broad whole of community systems level [39, 47], 
while others considered the classroom within a school as 
a ‘system’ [17, 48].
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A broad spread of implementation TFMs were used 
in the studies. Overall included studies used 11 process 
frameworks, 5 evaluation frameworks and 1 determi-
nants framework (these do not add to 14 because some 
studies used multiple frameworks). The RE-AIM (reach, 
effectiveness, adoption, implementation, maintenance) 
evaluation framework was used in two studies [40, 47]. 
One of these studies adapted RE-AIM, to include reach, 
engagement, facilitation, resources, adaptation, mobili-
sation, and exchange, and re-named to RE-FRAME [40, 
41]. One study paired RE-FRAME with the Knowledge-
to-Action framework [40, 41]. A different study paired 

The Plan-Do-Study-Act with a strategy mapping exer-
cise [54]. Other authors used frameworks developed 
from peak bodies, such as the Health Promoting Schools’ 
Framework [56], and the Building Blocks for a Strong 
Health System [57]. One author described a guide for 
implementation of a systems approach, where local com-
munities developed their own independent methods of 
implementation [53]. Three of the 14 studies combined 
two TFMs to guide different stages of implementation. 
There was no single implementation science framework 
or set of TFMs favoured to guide the implementation of 
interventions designed using systems science.

Fig. 1  PRISMA diagram
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Where authors described the use of both systems and 
implementation science constructs, these were used in 
collaboration, systems science was used in the design of 
the study, implementation science was used to guide real-
world implementation of the designed study.

Discussion
This systematic review identified 14 studies (17 manu-
scripts) that used a combination of systems thinking 
approaches and implementation science TFMs to design 
and deliver health promotion interventions. There was 
no consistency in the definition of systems science, or 
the systems methods applied in the studies and a broad 
spread of TFMs was reported. CBSD was the only sys-
tems method used in more than one study [17, 39] and 
RE-AIM the only TFM used in more than one study, 
albeit in a substantially modified form in one of these two 
studies [40, 41, 47].

Braithwaite, in a 2018 opinion piece, stated that “the 
two sciences of complexity and implementation need 
not be mutually exclusive, though they have been largely 
seen and treated as such” ([29], p. 6). Our review con-
firms this remains the case, and aligns with the call for 
more systematic reporting of intervention studies that 
utilise systems approaches [62]. Our findings also sup-
port opportunities to build on and strengthen exist-
ing theoretical approaches, rather than invent new and 
untested frameworks [63]. Where Northridge [30] sought 
to enhance implementation science through the addi-
tion of best principles from systems science, our review 
sought to identify insights from published literature on 
ways to improve the implementation of systems science 
approaches to prevention through the incorporation of 
implementation science TFMs.

A previous review of TFMs used in prevention and/
or management of cancer and other chronic diseases 
classified 159 TFMs against the socio-ecological model 
(SEM) of health: individual, organisational, commu-
nity and system [28]. Of these, only 17% (n = 27) were 
deemed to impact the systems level of the SEM, although 
the term ‘system’ was not defined in the review. Highly 
cited implementation science TFMs were included such 
as Social Cognitive Theory [64], Social Leaning Theory 
[65], Transtheoretical Model of Behaviour Change [66], 
PRECEDE-PROCEED [67] and Plan-Do-Study-Act [68]. 
Other TFMs were also included that were less well known 
or were specifically designed to fit an intervention. Of 
these, the Plan-Do-Study-Act was the only framework 
that also appeared in both the SEM review [28] and our 
review. This limited overlap is likely due to the evolu-
tion of systems science, with earlier iterations of the SEM 
referring to this outer layer as ‘policy’ or ‘social’, rather 
than ‘systems’. Additionally, most TFMs have historically 

been applied to either individual behaviour change pro-
grams or settings [28], leaving it unclear which TFMs are 
best suited to a systems approach for community-based 
prevention intervention.

Many of the included manuscripts did not clearly 
define ‘systems’ nor clearly articulate the system method 
used in the study. This observation aligns with a system-
atic review of whole systems approaches to complex pub-
lic health problems that found few programs had utilised 
systems approaches in the study design, implementation 
and evaluation; and rarely conceptualised implementa-
tion from a systems perspective [70]. We concur with 
Foster-Fishman that systems change requires adopt-
ing systems beyond a general definition and adopting 
a change framework is critical to guide true systems 
change systemically, rather than within a specific part of 
the system. For example, there remains tension that ‘pol-
icy’ can be misinterpreted as a systems approach, when 
policy alone may impact only one area of the system and 
should usually be partnered with other systemic actions 
[69], such as appropriate resourcing, enabling infrastruc-
ture, appropriate skills and knowledge. Without such 
wrap-around support, a policy is unlikely to have the 
reach required for a whole of system change. Inadequate 
framing of ‘systems’ may complicate the choice of appro-
priate implementation science guidance.

When implementing systems interventions, imple-
mentation requires more than just effectiveness plan-
ning, but also the anticipation of, and engagement with, 
a range of contexts, stakeholders and potential conse-
quences [29]. Northridge [30] provided insights from 
systems science that could enhance implementation 
science, concepts such as, e.g. problem modelling, the 
inclusion of important elements rather than quantifiable 
elements, boundary identification and a multi-compo-
nent approach. A positive signpost for future integra-
tion of the fields of implementation science and systems 
science is reported modification of TFMs to enhance 
their applications to complex intervention and systems 
approaches. In a recent 20-year review of RE-AIM, Glas-
gow et al. identified one of the future directions for the 
RE-AIM framework was to incorporate system concepts 
such as unintended consequences [71]. Such extension 
of a widely used framework to overtly embrace systems 
concepts is encouraging. Other wholistic frameworks 
are constantly evolving to specifically address systems 
change, such as the Active Implementation Frameworks 
developed by Fixsen and colleagues [72]. This over-
arching framework aligns with the interactive nature 
of systems through its non-linear approach to imple-
mentation and inclusion of improvement cycles. These 
advances in implementation science articulate promise 
for enhanced guidance for the implementation of systems 
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interventions, aligns with multiple calls to integrate 
implementation and system science approaches [32, 53], 
and acknowledges the potential within the field of imple-
mentation science as noted in the Lancet’s Commission 
on Obesity [4].

Future research
Future studies that utilise systems thinking approaches 
should more clearly define terminology and specify the 
systems method employed within the study. Recent inno-
vative trial designs such as stepped wedge designs [73] 
and hybrid Type II designs [74] may assist in the combi-
nation of systems and implementation sciences by ena-
bling efficacy testing of both the systems intervention 
and the implementation strategies. Future trials, using 
various combinations of systems thinking and implemen-
tation science methods, would assist in identifying a ‘pre-
ferred’ combination of these approaches for population 
health prevention interventions.

Although GMB and RE-AIM were the most identified 
methods and frameworks within this review, there were 
too few studies to recommend these methods either 
alone or in combination to close this gap. Instead, there 
exists great potential for future research to interrogate 
the use of clearly defined systems methodologies and 
implementation science theoretical approaches to enable 
cyclical implementation. Such a combination has poten-
tial to optimise the intrinsic overlap in these two scien-
tific disciplines and identify aligned theories and practice.

Strengths and limitations
To our knowledge, this is the first systematic review to 
explore the use of an integrated systems and implementa-
tion science approach in public health prevention inter-
vention design and delivery. This review demonstrates 
there is little practical guidance to date on how best to 
implement systems approaches for population health. 
The review included all manuscripts that identified the 
use of systems—therefore avoiding bias for any preferred 
systems methodology and including studies where sys-
tems thinking was emerging. Similarly, we defined imple-
mentation science theoretical approaches broadly to 
maximise the capture of all manuscripts using any theo-
retically informed approach to implementation.

Heterogeneity of definitions of both systems science 
and implementation science means it was difficult to 
draw conclusions from existing manuscripts as to what 
the ‘best’ combination of these sciences might be. We 
limited our review to peer-reviewed literature therefore 
case studies may exist in the grey literature that were not 
captured by this review.

The heterogeneity of ‘systems’ terminology means it is 
possible that some work that draws from principles of 

systems thinking without using explicit terminology may 
have not been included in our review. Consequently we 
were unable to obtain practical guidance on how to apply 
these dual approaches of systems and implementation 
sciences.

Conclusions
To date there is limited alignment between systems 
thinking and implementation science approaches in the 
design and delivery of public health prevention interven-
tions. Based on this review, we are unable to recommend 
the most promising combination of systems thinking 
methods and implementation science TFMs as the com-
bination of these fields remains underdeveloped. We join 
the call for consistency of language, definition and guid-
ance on the use and reporting of an integrated systems 
and implementation science approach for public health 
prevention interventions.
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