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Abstract

We present a detailed argument for how to integrate, or bridge, systems
science thinking and methods with implementation science. We start by
showing how fundamental systems science principles of structure, dynamics,
information, and utility are relevant for implementation science. Then we
examine the need for implementation science to develop and apply richer
theories of complex systems. This can be accomplished by emphasizing a
causal mechanisms approach. Identifying causal mechanisms focuses on the
“cogs and gears” of public health, clinical, and organizational interventions.
A mechanisms approach focuses on how a specific strategy will produce the
implementation outcome.We show how connecting systems science to im-
plementation science opens new opportunities for examining and addressing
social determinants of health and conducting equitable and ethical imple-
mentation research. Finally, we present case studies illustrating successful
applications of systems science within implementation science in commu-
nity health policy, tobacco control, health care access, and breast cancer
screening.
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Complex systems:
systems made up of
heterogeneous
elements that interact
with one another,
exhibit emergent
behavior, persist over
time, and adapt to
changing
circumstances

Context: the social
environment or setting
within which
organizational or
behavior change
occurs

Systems science:
interdisciplinary
meta-science focused
on complex natural
and social systems

Emergent effects:
observed properties or
behaviors of a system
that its parts do not
have on their own

INTRODUCTION

Themost pressing public health and health care challenges of the twenty-first century (e.g., global
pandemics, global warming, health and social inequities) are embedded within complex systems
and thus resist easy study or solution. These wicked problems (79) require different conceptual
approaches, alternative sources of data, and study designs that recognize the systemness of these
problems (36).

Implementation science has a critical role in guiding research responses to these broad chal-
lenges. In particular, by speeding up the delivery of new scientific knowledge to public health and
health care systems, identifying the best ways to implement and sustain evidence-based programs
and policies, and conducting more equitable implementation research, society will be better able
to meet and even solve some of these challenges (90, 103).

There have been a number of calls from implementation and social scientists over the past
decade or so for integrating systems approaches into implementation science (e.g., 10, 11, 57, 71,
82). Despite these calls, applications of systems thinking and methodology remain rare, although
some early examples are promising.

Perhaps the most compelling case for integrating systems thinking into implementation re-
search comes fromHawe and colleagues (36). Although the authors frame their argument in terms
of behavioral interventions, it applies equally well to implementation of new practices or policies.
Rather than focusing primarily on the characteristics of the intervention itself, Hawe et al. (36)
suggest that the proper focus is on the dynamic properties of the context into which the inter-
vention is introduced. This approach implies that the organizational settings that are the target
of implementation activities should be thought of as complex systems and that interventions will
affect the “evolving networks of person-time-place interaction, changing relationships, displacing
existing activities and redistributing and transforming resources” (p. 267). This viewpoint requires
entirely different conceptions of implementation settings, processes, and outcomes. In fact, the au-
thors’ call serves as a critical inspiration for this review, in which we try to answer the question of
what implementation science might look like if it deeply integrated systems science thinking into
its own fabric.

OVERVIEW OF SYSTEMS SCIENCE

Systems science is an emerging interdisciplinary field focused on understanding complex systems
wherever they occur, whether in nature, society, and technology or within science itself (13). In
that sense, systems science is a meta-science because its focus is on all kinds of systems, not systems
found within just one specific disciplinary boundary (65). Systems science looks at whole systems
rather than focusing on the parts of those systems.

Complex systems have four defining characteristics: (a) They are made up of heterogeneous
elements, (b) these elements interact with one another, (c) these elements produce emergent effects
that are not explainable by reference to the individual elements of the system (i.e., “the whole is
greater than the sum of its parts”), and (d) these effects are dynamic, i.e., they persist over time
and can adapt to changing circumstances.

As a grounded example, consider Figure 1, which shows a causal map of the tobacco control
system in the United States (68). This tobacco control system is made up of many heterogeneous
elements (e.g., smokers, government agencies, researchers, tobacco companies, tobacco control
policies, tobacco retailers, and the tobacco products themselves).These elements are spread across
many sectors (e.g., industry, government, academia, economics). All these elements interact with
one another, and the system behavior changes over time—for example, tobacco scientists develop
new evidence supporting a policy for limiting sales of tobacco products near schools.This evidence
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System dynamics:
computational
modeling approach for
understanding the
nonlinear behavior of
complex systems over
time using stocks,
flows, and feedback
loops

Network analysis:
analytic approach or
paradigm focusing on
relationships among
social objects, such as
people or
organizations
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Figure 1

Complex system of tobacco control. This complex system is made up of heterogeneous elements (e.g., smokers, tobacco revenues,
tobacco control programs) that interact with one another. Figure adapted with permission from Reference 68.

is used to implement new retailer policies, which in turn leads to changes in tobacco industry
behavior (83).

Focusing on systems as holistic entities requires different conceptual and methodological ap-
proaches compared with traditional health sciences research (59). Traditional assumptions such as
linearity, homogeneity, replaceability (associated with randomization), and independence of ob-
servations are not tenable when studying heterogeneous, interconnected, and dynamic complex
systems.Thus, systems science research in public health and related fields uses other kinds of tools,
including systemdynamicsmodeling, groupmodel building,network analysis, agent-basedmodel-
ing,microsimulations, systemsmapping, etc. (56, 59, 97).These kinds of systems researchmethods
have seen many recent public health applications, particularly in infectious diseases (HIV/AIDS,
COVID-19), chronic diseases (obesity, tobacco control,mental health), health care systems (health
care access), and health disparities (4, 21, 47, 54, 55, 66, 104).

BUILDING A CONCEPTUAL BRIDGE CONNECTING
IMPLEMENTATION SCIENCE AND SYSTEMS SCIENCE

Building a bridge to connect systems science with implementation science is partly metaphorical
but partly practical as well. Despite numerous earlier arguments for why it is important, how it
should happen is still unclear. We start here by considering the integration from the two sides
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of the potential connecting bridge—first from systems science and then from implementation
science.

Starting with Systems Science

Systems science has as its focus complex systems of all kinds. For implementation science, we thus
start with the view that delivering scientific knowledge into the world happens within complex
organizational, political, and historical social systems (8, 92). Moving beyond this starting axiom,
we need to consider the fundamental properties or principles of these complex systems, which
will guide us toward a new methodological tool kit for implementation science.Table 1 presents
a subset of important systems science principles (65), organized and chosen for their relevance to
implementation science applications. These principles are put into four broad categories: systems
structure, dynamics, information, and utility.

The two structural principles emphasize the makeup of complex systems. They are composed
of different kinds of elements (i.e., not just people) and are structured hierarchically. The hierar-
chical nature of complex organizational systems is well understood within implementation science,
for example how inner settings fit within outer settings (23). The dynamic properties of complex
organizational systems, on the other hand, are less consistently examined in implementation re-
search. Although experimental (e.g., prepost implementation intervention) studies are common,

Table 1 Selected principles of systems science most relevant for implementation science

Systems science principles Relevance for implementation science
Structure
Systems are holistic units made up of bounded

networks of relations among heterogeneous parts
Systems themselves are an appropriate focus for study and intervention,

suggesting that we can shift focus from properties of the implementation
intervention to the heterogeneous nature of the organizational system
itself.

Systems are processes organized in structural and
functional hierarchies

Implementation interventions are embedded within hierarchical
organizational structures; multilevel conceptions and methods should be
the norm.

Dynamics
Systems are dynamic on multiple time scales Systems change over time as dissemination and implementation activities

play out. Understand that stability (e.g., continued sustainment) is a
result of dynamic processes.

Systems evolve and exhibit complexity Properties of organizational systems cannot be fully explained through the
perspective of the individual members of the system. Common
implementation challenges (e.g., policy resistance) are not problems to
be solved but properties of the system to be understood.

Information
Systems encode knowledge, and receive and send

information
Systems themselves contain information about themselves (e.g.,

organizational policies, administrative records, unwritten rules); this
information leads to data collection methods that go beyond surveys of
organizational members.

Utility for science and practice
Systems can be understood and improved Many tools are available to implementation scientists who want to measure

and improve the systems within which implementation occurs. Systems
improvement is well aligned with the goals of implementation science for
delivering knowledge to improve health and quality of life.

Principles adapted from Mobus & Kalton (65).
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these typically employ limited notions of how organizations and their evidence-based practices
evolve over short and long periods of time (60). Also, implementation interventions can disrupt
organizational systems in various ways that emerge over time and produce unexpected dynamics
(36).

The information principle states that systems contain information about themselves. This
principle is slightly more difficult to grasp, especially by social scientists who traditionally look
to people as the primary or exclusive sources of data and knowledge. For implementation sci-
entists, this principle (along with the previous structural principle emphasizing heterogeneous,
interconnected elements) suggests that system information can also be obtained from nonhu-
man sources such as administrative records, organizational policies, electronic records, and even
physical characteristics (e.g., hospital size, street traffic).

Finally, the utility principle is reassuring for implementation scientists; it reminds us that al-
though these systems are complex, they can be understood and improved as long as we are willing
to treat implementation-relevant organizational systems as coherent entities in their own right.
That implies the need for different kinds of theories and conceptual frameworks, study designs,
and analytic approaches.

Starting with Implementation Science

The fundamental conceptual metaphor that has driven implementation science from its beginning
as a distinctive discipline is that of a pipeline (6). The pipeline model has been used to describe
both the core orienting challenge (i.e., Why does it take so long to get so little scientific evidence
into the hands of those who could use it?) as well as its overarching goal (i.e., How can we speed
up delivery and extend the reach of scientific knowledge to communities and health care systems?)
(35). In this model, scientific knowledge is first created and then passes sequentially through three
main phases of dissemination, implementation, and sustainment (see themiddle boxes in Figure 2,
described in more detail below).

Implementation science has subsequently developed a plethora of conceptual frameworks that
have been important for guiding empirical research (69, 96, 98), the most widely used of which in-
clude the Consolidated Framework for Implementation Research (CFIR) (23); RE-AIM (Reach,
Effectiveness, Adoption, Implementation, and Maintenance), which has recently been incorpo-
rated into the Practical Robust Implementation and Sustainability Model (PRISM) (30); and the
Implementation Outcomes Framework (74, 75). These popular frameworks have been most use-
ful for laying out the landscapes of implementation research; by that we mean they are high-level
frameworks that focus investigator attention on the most important constructs to measure related
to implementation determinants, processes, and outcomes (61, 69).

McGinnis & Ostrom (61) point out that while frameworks provide basic conceptual vocabu-
lary supporting descriptive inquiry, true theories move beyond frameworks by identifying specific
causal relationships (which then allow testing of much richer and focused hypotheses). So, for ex-
ample, while CFIR points to the importance of considering characteristics of both outer and inner
settings, it is silent on how outer setting characteristics directly affect inner setting characteristics,
let alone the likelihood of successful implementation. Notably, another framework that informs
implementation determinants and processes—the Exploration, Preparation, Implementation, and
Sustainment framework—has evolved to explicate various bridging factors that link the outer sys-
tem with the inner organizational context (1, 51). But overall, implementation science lacks a wide
number of field-guiding theories.

Another example of the need for richer theories comes from the important conceptual work
of Proctor and colleagues (74), who identified implementation, service, and client outcomes. One
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Figure 2

Unpacking the traditional pipeline model of implementation science with systems science concepts. The square boxes here represent
the pipeline model of implementation science, where scientific innovations are translated into policy or practice applications; these are
disseminated, implemented, and sustained in real-world settings. The circles and ovals depict examples of how the implementation
process can be studied using a complex systems lens.

of the outcomes is penetration (also called reach). They defined penetration as the “integration
of a practice within a service setting and its subsystems” (p. 70). This definition has important
systems elements—integration is structural, and there is an explicit recognition of the hierarchical
nature of organizational systems. Yet when reach is operationalized in implementation research,
the metrics used are often simple counts or proportions (e.g., 26, see table 3). The integration
of systems principles that describe organizational systems as being made up of heterogeneous
elements that are interrelated and organized in structural and functional hierarchies could lead to
more useful measurement approaches for reach that go beyond simple counts.

Implementation science has benefited from the application of true theories, although it is rare.
The most important of these is Rogers’ diffusion of innovations theory (80). This theory pre-
dates the emergence of implementation science but is one of the foundations for studying how
scientific discoveries diffuse and can be disseminated across complex social and organizational sys-
tems. Diffusion of innovations theory provides more than just a conceptual vocabulary; rather, it
makes specific statements and hypotheses about the kinds of people or organizations that are in-
volved with diffusion (e.g., early adopters, opinion leaders), about how an idea or product spreads
(from innovators to early adopters, and then on to the majority), about how the spread follows an
S-shaped curve over time, and about how characteristics of the broader social system can impede
or speed up diffusion (24).Diffusion of innovations theory is detailed enough that it describes how
the dissemination of discoveries actually works, which leads to research that can advance causal
thinking in ways that mere frameworks cannot.
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MEETING IN THE MIDDLE: THE POTENTIAL OF A MECHANISMS
FRAMEWORK FOR INTEGRATING SYSTEMS SCIENCE INTO
IMPLEMENTATION RESEARCH

Unpacking the Pipeline Model

How should systems science be integrated with implementation science? One way to think about
this concept is to unpack the traditional linear implementation science pipeline model; apply
Hawe and colleagues’ (36) suggestions about viewing interventions as disruptive events within
dynamic evolving systems; view the result through the lens of systems science principles; and then
determine what kinds of conceptions, study designs, and analytic approaches emerge.

Figure 2 presents an example of this type of thought experiment, where systems-oriented
annotations have been added to the familiar implementation science pipeline model. The pipeline
model posits that scientific knowledge proceeds linearly, through dissemination, implementation,
and sustainment stages, to downstream health impacts.The annotations added around the pipeline
illustrate how we might study dissemination, implementation, and sustainment processes using a
systems lens. Systems principles of structure, dynamics, and information (Table 1) are featured
in these annotations. For example, the structure principles suggest that mapping organizational
social systems can be used to better understand dissemination processes and outcomes.

System dynamics is illustrated in multiple places. First, implementation and sustainment pro-
cesses play out over time, and it is important to study these dynamics (e.g., 15). Second, although
sustainment of a program may suggest system stability, stability is actually an outcome of an un-
derlying dynamic system and should be studied as such (65). Similarly, the resistance we see when
a new practice or policy is introduced is not an unintended consequence; policy resistance is an
emergent property of a complex social system (95).

Finally, the information systems principles suggest that complex systems can be understood by
examining how they encode and transmit knowledge.Knowledge transmission in systems is predi-
cated on the presence of various types of feedback loops (78).For implementation science, themost
important feedback loops show how various dissemination, implementation, and sustainability
outcomes inform subsequent research and action (34).

The Potential of a Mechanisms Framework for Integrating Implementation
Science and Systems Science

It is somewhat ironic that while implementation science has often been framed as a way to move
beyond simplistic and artificial effectiveness studies, implementation research is still dominated by
variations of randomized controlled trials (RCTs) (60, 84, 86).Limitations of RCTs are well known
(9, 14, 100). RCTs are perceived as the gold standard study design for assessing the average effect
of an intervention in a group of individuals. Randomization emphasizes internal validity at the
expense of external validity. Implementation studies, on the other hand, are concerned with how
interventions work (or do not work), under what conditions, and for whom in real-world settings
(93). Therefore, they need to use methods that pay attention specifically to external validity.

More critically, although the main strength of RCTs is how they allow strong causal claims, this
causal inference relies on a strict set of assumptions that are often violated in real-world settings.
These assumptions also often require us to ignore contextual variability and social connections
among study participants all in the name of replaceability and independence of observations (5,
49). A well-designed RCT allows us to estimate the effect of a treatment, intervention, or imple-
mentation strategy X on health outcome Y, but it is silent about how or why it worked. Given
the complicated nature of most implementation strategies, we need to know not just whether
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Causal mechanism:
the most immediate
physical or social
means by which
something occurs or is
accomplished

the overall strategy worked, but what parts of the implementation package were most impor-
tant, what parts were not necessary, how new policies shape physical and social environments, etc.
(58).

So, what are our alternatives? Over the past few decades, social scientists and philosophers
of science have proposed a causal mechanisms framework that can help move beyond the limi-
tations of experimental and associational study designs (37). Mechanisms have been increasingly
prioritized in implementation science and at the intersection of health equity and implementation
science (52, 89). Causal mechanisms are explanations “that identify the ‘cogs and wheels’ of the
causal process through which the outcome to be explained was brought about” (37, p. 50). More
simply, a causal mechanism is the most immediate physical or social means by which something
occurs or is accomplished.

As a simple and practical example of causal mechanisms, consider again Roger’s diffusion of
innovations theory. Diffusion of innovations has had wide impact in part because it goes beyond
simple associational assertions (e.g., that types of persons will be correlated with likelihood of
innovation adoption) and provides a rich mechanistic explanation for innovation adoption. New
knowledge (i.e., the innovation) spreads across a heterogeneous social system (e.g., opinion leaders
versus early adopters), and the speed of the diffusion is based on various characteristics of the
innovation as well as the social system actors and their communication relationships. This spread
of information across a social system is the causal mechanism, and this spread of information is
the appropriate target of study. The spread of information is also not something that can be easily
captured by a variable-focused regression analysis. Instead, systems science tools such as network
analysis would be much more revealing (99).

In implementation science, mechanisms are those processes or events that directly affect dis-
semination and implementation activities (e.g., diffusion, implementation strategies, adaptation,
scale-up, and sustainability strategies) to effect desired implementation and health outcomes (48;
53, p. 3).With respect to the integration of systems science and implementation science, a mecha-
nisms framework can help in at least four ways through (a) developing theory, (b) providing richer
causal language, (c) identifying underlying mechanisms that drive higher-level associations, and
(d) suggesting new study designs and analytic strategies.

Theory development. A mechanisms framework calls for the development and application of
middle-range theories (63).Middle-range theories are not grand social theories that try to explain
everything. Rather, they are smaller and more precise theories that identify a few factors that ex-
plain important but limited aspects of the outcomes (37). An important element of mechanistic
middle-range theories is that they focus on how the interrelationships of social entities produce
specific outcomes. Systems science perspectives are well-suited to inform middle-range theories
of the problem (i.e., how determinants influence proximal and distal outcomes of interest) and
of the solution (i.e., how implementation strategies can address determinants and improve out-
comes of interest) (64). Greater use of middle-range theories can help implementation science by
transforming general landscape frameworks, and these theories are well aligned with mechanism
approaches that focus on causal pathways (46).

Causal language. Along with new theory development, the adoption of a causal mechanism ap-
proach can lead to richer causal language for implementation science (53). Implementation (and,
presumably, dissemination and sustainability) strategies should be linked to mechanisms so that it
is clear how and why a specific strategy will actually produce the intended implementation out-
come(s). Amechanistic approach identifies not only how and why a given strategy works to address
specific determinants (i.e., barriers and facilitators) but also contextual preconditions and moder-
ators that influence whether or to what extent a mechanism will influence proximal and distal
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Agent-based models:
bottom-up modeling
approach using
computer simulations
to observe actor
behavior embedded
within social and
physical environments
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Figure 3

Coleman’s boat, illustrating how high-level associations can be explained by lower-level social mechanisms.
Figure reproduced with permission from Reference 37.

outcomes along the causal pathway (33, 53). These causal chains also shed light on the temporal
ordering of mechanisms and outcomes, informing measurement and providing opportunities for
interim checks on implementation progress. Embracing a causal framework forces implementers
to specify how and why implementation efforts are likely to succeed (or fail), and systems science
approaches enhance this framework by introducing dynamism and complexity into causal models
that can be critiqued as being overly linear.

Identifying underlyingmechanisms.The utility of amechanism-based approach is illustrated in
Figure 3, sometimes called Coleman’s boat (18, 37).Most social science explanations are based on
macrolevel associations, but these are inherently causally unsatisfying (hence the classic truism:
“Correlation is not causation.”) We can understand what drives the macro association only by
identifying a series of underlying causal mechanisms.

For example, consider implementation studies of knowledge broker interventions. Introduc-
tion of knowledge brokers into health care and policy settings has increased evidence-informed
decision-making (27, 81). The macrolevel association here could be the correlation between num-
ber of knowledge brokers in an organization and the strength or frequency of evidence-based
decisions. However, knowledge brokers could produce changes in an organization’s behavior in
many ways. Using mechanism mapping, for example, Geng and colleagues (33) identified at least
five different mechanisms, including relationship development, organizational capacity building,
communication flow, staff skill development, and knowledge integration.

Using a similar mechanism approach for studying knowledge broker effects, we built an agent-
based model of decision-making in state agencies (19). The agent-based model focused on policy
opinion formation through interactions between members of organizational social networks. We
found that knowledge brokers could speed up evidence-based decision-making, especially when
organizational leadership was disconnected from other organizational staff. We can understand
this result using Coleman’s boat diagram (Figure 3). Staff members have more opportunities to
learn about evidence-based policies when they work alongside knowledge brokers (situational
mechanism). Individual staff form opinions about the policy that will lead them to support or
not support policy adoption (action-formation mechanism). Finally, if organizational leadership
(those who make the actual decision) are able to talk to enough staff, then they will be more
likely to adopt the evidence-based policy (transformational mechanism). This path of mechanistic
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Participatory
modeling:
any kind of systems or
computational
modeling that features
community
engagement, such as
group model building

causes is specific and plausible. If replicated in real state agencies, then these results provide a more
actionable road map than do high-level correlations.

New study designs and analyses. A mechanisms framework calls for different types of study
designs that can identify and examine the underlying mechanisms driving macrolevel associa-
tions. Systems science provides many such useful tools, including computational modeling (system
dynamics, agent-based modeling), social network analysis, systems mapping, and participatory
modeling (group model building) (40, 57, 67, 88). Other useful tools such as geographic infor-
mation systems, organizational ethnography, mechanism mapping, intervention mapping, and a
wide variety of other qualitative techniques can be used to provide important insights on how
successful dissemination, implementation, and sustainability can be achieved (12, 33, 44, 45, 72).

Implications for Equity and Ethics in Implementation Science

An important implication of adopting a mechanisms framework is that it opens new opportuni-
ties for studying and addressing equity and ethics issues in implementation science. The social
determinants of health (SDOH) movement has been critical for moving beyond a victim-blaming
orientation in public health by pointing to social contexts as primary determinants of health in-
equities (70).However, SDOHapproaches often lead to association studies that identify high-level
correlations between contextual characteristics (e.g., healthy food access, safe neighborhoods)
and downstream health outcomes. A determinants framework such as SDOH does not typi-
cally identify the underlying mechanisms by which inequities emerge within complex dynamic
systems.

Population health can be viewed as an emergent property of complex social systems (42). In
the same way, health inequities are emergent properties of these same systems. For example, de-
terminants frameworks such as SDOH cannot explain how segregation in communities can arise
even when all community members do not want to live in segregated neighborhoods. Schelling
(85) and others have identified the kinds of social mechanisms that can drive these patterns of
inequities that resist easy intervention (16). Computational modeling and other systems methods
can be used by implementation scientists to incorporate the very organizational mechanisms that
give rise to health disparities, and this mechanistic approach will also facilitate designing more
effective antidisparity and antiracist interventions (2, 89).

Implementation science scholars recognize that dissemination and implementation themselves
may run the risk of exacerbating existing, or even introducing new health inequities (7, 10). These
are often framed as “unintended consequences” (e.g., 17, 22). This common phrase suggests that
these consequences were unplanned and surprising and thus not susceptible to systematic study
and action. However, as Sterman (95) points out, “[T]here are no side effects, just effects” (p. 505,
emphasis in original). Implementations of new practices or policies are disruptive; there will be
ripple effects across the system and over time (e.g., 77). As systems science–informed implemen-
tation researchers, we should always be aware of and plan for how the system responds to any new
intervention. Participatory systems modeling approaches such as group model building (39) hold
particular promise for helping to ensure equitable implementation research.

In addition to equity implications, a mechanisms framework also encourages more careful
thinking about the ethical conduct of implementation research. Systems thinking and modeling
require explicit recognition of fundamental questions of who matters, what matters, and what are
the boundaries of the system? These are fundamentally ethical questions (76, 91). Building sys-
tems models for implementation research will require and facilitate clear explications of ethical
stances, where we often do not move much beyond an inclusion (or the idea that more voices are
better) approach for conducting implementation studies (94).

16 Luke • Powell • Paniagua-Avila



PU45_Art02_Luke ARjats.cls March 18, 2024 10:1

EXEMPLARS OF SYSTEMS-INFORMED IMPLEMENTATION
SCIENCE PROJECTS

In this section,we present a set of short case studies that illustrate how systems science thinking and
methods are being used in implementation research. They have been chosen not only to highlight
good examples of systems and implementation science integration, but to suggest the diversity of
systems science methods, implementation study designs, and health applications.These exemplars
collectively demonstrate that although systems methods are somewhat rare in implementation
science, they are being used to answer important research questions that are often not possible to
address using more traditional study designs and analytic methods.

Project COMPACT

COMPACT (Childhood Obesity Modeling for Prevention and Community Transformation)
was a groundbreaking international and multidisciplinary collaboration that applied principles
of systems science and implementation science to community-based childhood obesity interven-
tions. The overall goal of COMPACT was to identify what works, for whom, and under what
circumstances, with a particular focus on sustainable implementation (29). The project team stud-
ied past successful community-based childhood health policy interventions, including Shape Up
Somerville in the United States (31) and Romp & Chomp in Australia (25), to determine the
underlying mechanisms of community policy implementation and subsequent behavior change.
They then incorporated systems science concepts (e.g., dynamics over time, multiple levels of
community systems) from disciplines such as engineering,management, evolutionary biology, and
social science to develop a conceptual framework called stakeholder-driven community diffusion
(3).This model was tested in ShapeUpUnder 5, a childhood obesity prevention intervention. Sig-
nificant changes were seen in policies, systems, and environments that support childhood obesity
prevention, and these were driven in part by observable changes in knowledge and engagement
by community and coalition leaders (28).

Implementation science applications. A primary assumption of COMPACTwas that successful
community-level policy implementation can be understood by examining the underlying mech-
anisms (or engineering) for policy change. More specifically, upstream diffusion of community
partner knowledge and engagement about childhood obesity prevention efforts through inter-
and intra-organizational social networks leads to midstream health-promoting policy changes.
This policy diffusion can then lead to downstream behavior change and positive health outcomes
(3).

Systems science concepts and methods.COMPACT used a wide variety of systems science
tools to develop and test their “whole-of-community” implementation approach (38, figure 2).
Group model building and systems mapping were used to engage community partners and to
develop the project’s conceptual framework. Agent-based modeling and network analyses were
used to identify the policy knowledge diffusion mechanisms, simulate policy diffusion processes,
and reproduce real-world patterns of diffusion (43).

Health equity and community partnership elements. Although health disparities were not a
primary focus of COMPACT, both researchers and community partners felt that participatory
systems techniques such as group model building were critical for ensuring broad commu-
nity engagement, promoting active group participation, and helping with “power leveling”
(28).
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Other resources.Christine Economos (co–principal investigator of Project COMPACT) pre-
sented an early vision for Shape Up Somerville, which can be viewed online (https://nutrition.
tufts.edu/video/movement-moments-christina-economos-tedxsomerville).

Tobacco Town: Computational Modeling of Community-Based Tobacco Retail
Policy Implementation

Tobacco Town is a series of projects that use computational modeling to study the potential effects
of local-level tobacco policy implementation. Retail policies include interventions that restrict
tobacco retailers around schools, that limit the proximity of tobacco retailers to one another, that
restrict sales of tobacco products to certain kinds of retailer (e.g., adult-only tobacco shops), or that
restrict sales of certain types of tobacco products (e.g., menthol cigarettes). The main finding of
these studies is that there is no one-size-fits-all type of retail policy. Certain policies work better
in some types of communities (e.g., urban communities with very high retailer densities) than
others. This variability across communities and types of policies has important implications for
future tobacco control policy development and implementation (55).

Implementation science applications.Tobacco Town is used to study potential policy im-
plementation outcomes and mechanisms. In addition, results have been disseminated via
community-facing dashboards (see below), fact sheets, policy briefs, and case studies (62).

Systems science concepts and methods. Agent-based modeling is used to create the virtual pol-
icy laboratory in Tobacco Town. Adult smoker agents (created using Census data and synthetic
populations) (32) are placed in cities or towns that have accurate physical geography and tobacco
retailer locations. These agents travel to and from work locations and make tobacco product pur-
chasing decisions. Policy interventions are then added to the model, and the agent behaviors are
observed to explore the potential effects of those policies. For example, when retailers are re-
stricted from selling products near schools, then the agents tend to travel further and pay more
money for cigarettes, ultimately lowering their purchasing and smoking rates. These models allow
us to identify some of the underlying policy mechanisms that shape individual health behaviors in
communities.

Health equity and community partnership elements.Tobacco Town was developed in close
partnership with a national community advisory board made up of local tobacco control profes-
sionals from 30 large cities in the United States (62). In particular, their engagement led to the
development of the Tobacco Swamps Dashboard, which allows local public health professionals
and policy makers to explore potential retail policy effects for specific cities (20), with a particular
emphasis on retailer disparities.

Other resources.The Tobacco Swamps Dashboard is available online (https://aspirecenter.
org/tobacco-swamps/).

Modeling to Learn: VA Patient Health Care Access

Zimmerman and colleagues (104) used participatory system dynamics modeling within the
context of one Department of Veterans Affairs (VA) outpatient mental health system to inform
implementation planning for evidence-based psychotherapies. The limited reach of evidence-
based psychotherapies within the VA led the researchers to examine system factors that influence
local capacity for implementation, such as interdependent staffing, scheduling, and referral prac-
tices. Participatory system dynamics modeling was used both to model the problem (i.e., barriers
to reach) and to evaluate two implementation plans to improve the reach of evidence-based
practices, allowing the examination of trade-offs between the two approaches. The first strategy
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reduced intake appointments from 90 min to 60 min, while the second strategy streamlined
specialty program referrals.Modeling with synthetic data ultimately indicated that both strategies
would increase the reach of evidence-based practice appointments.

Implementation science applications. First, Modeling to Learn centered organizational and
systems-level determinants and implementation strategies, which have been too often neglected
in the field of implementation science (73, 101). Second, it focused on the planning phase of im-
plementation and introduced a systematic, data-driven approach that involved key partners in the
implementation effort, avoiding what the authors depicted as trial-and-error approaches to imple-
mentation planning. Third, it focused on the contextual fit between interventions and the settings
in which they were implemented. Fourth, Zimmerman and colleagues’ article underscored the
importance of the implementation outcome of reach. Finally, the approach of “modeling to learn”
is directly related to the notion of learning organizations (87).

Systems science concepts and methods. Participatory system dynamics modeling is an itera-
tive process in which participants cocreate, test, and refine a model that represents a testable local
theory of the system. Zimmerman and colleagues used administrative data and stakeholder es-
timates to create a stock and flow model of system structure and behavior, which reflected the
rate, proportions, and accumulations of patient flows in the clinic over time (104, figure 2), and
simulated the impact of two potential structural implementation strategies (i.e., changing intake
appointment times and streamlining referral processes). A major product of Modeling to Learn
was a client-facing model dashboard, where VA staff could interact with the VA system model and
potential intervention outcomes in real time.

Health equity and community partnership elements. Participatory system dynamics is inher-
ently partnered. The core modeling team included one champion from each service delivery team
(managers, nurses, psychiatrists, social workers, and psychologists) who engaged in 14 h of model-
ing work, and the process also involved staff meetings with all staff and veterans with lived recovery
experiences who have used mental health services within the system.

Other resources. Interested readers should see “The How andWhy of Modeling to Learn: Par-
ticipatory System Dynamics to Improve Evidence-Based Addiction and Mental Health Care”
by Lindsey Zimmerman for more information (https://cepim.northwestern.edu/calendar-
events/2021-10-12-zimmerman).

Mapping Social Determinants of Care-Seeking

Williams and colleagues (102) used participatory systems model building to identify the dy-
namic complexity underlying the widening cancer screening disparities between African American
and white women, motivated by the fact that 50% of African American women diagnosed with
breast cancer in North St. Louis never start treatment. Working with breast cancer patients,
caregivers, family members, and health navigators, the team cocreated a causal map of determi-
nants of treatment delays. The map included eight subsystems: mental health, access to health
care, income, religion/spirituality, social support, knowledge on breast health, and personal mind-
set. The final model also shed light on leverage points in the system that could be used to
promote early breast cancer treatment for African American women. At the end of the study,
participants developed a set of recommendations: (a) form a community-based action group
on women’s health, (b) design and implement patient navigation strategies, (c) educate women’s
partners about breast cancer, and (d) develop mental health interventions to enhance women’s
self-esteem.
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Implementation science applications.This study provided an example of how to understand the
underlying mechanisms leading to a gap between evidence and practice (breast cancer treatment
initiation), a central topic in implementation science. The structures and patterns in the treatment
determinants model can be used to plan more effective evidence-based practice implementations.

Systems science concepts and methods.Group model building was the primary systems tool
used to produce a shared mental map of breast cancer treatment delays in African American
communities (39). The workshop series consisted of three two-hour sessions with community
members (sessions 1 and 3) and community support groups (sessions 2 and 3). In sessions 1 and 2,
participants identified and discussed variables contributing to the lack of breast cancer treatment
initiation and codeveloped causal maps describing the dynamic nature of disparities. In session 3,
they developed a consolidated map that reflected participants’ stories and nominated places in the
system that they thought should be changed through feasible interventions.

Health equity and community partnership elements.The participatory systems modeling ap-
proach used here not only engaged diverse participants, but also helped balance power differentials
between researchers and community members and provided community members with tools and
knowledge to understand how to intervene within their own treatment systems. Some women
became navigators for others as a result, highlighting how group model building sessions may
facilitate active engagement of community members.

CONCLUSION

This review is a response to the numerous calls over the years for linking systems science think-
ing and methods to implementation science (11, 57, 71). Hawe and colleagues (36) reframed the
discussion by suggesting that we view implementation interventions as disruptive events in com-
plex organizational and community systems. Despite these calls, there is little detailed guidance
on how integrating systems science with implementation science could or should work.

Bridging systems and implementation science can proceed from either direction. Complex
systems principles of structure, dynamics, information, and utility can be easily applied to imple-
mentation science goals and challenges. Conversely, the core implementation science pipeline of
knowledge generation, moving through dissemination, implementation, and sustainment can be
unpacked to reveal many opportunities to apply complex systems thinking to study design, mea-
surement, and analysis.Most critically, a greater use of mechanistic explanations will help the field
by focusing empirical research on the underlying structures and processes that actually produce
beneficial implementation and health outcomes.

This vision of a systems-imbued implementation science has a number of important benefits,
including

■ Greater use of research methods that are better aligned with the characteristics of the
problems being studied;

■ The potential for richer theory development by adopting methods that support mechanism
identification and enhance causal thinking;

■ Systems approaches support health equity both by recognizing the systemic structures and
processes that lead to health disparities and by including research methods (e.g., group
model building) that encourage diverse participation; and

■ Systems methods produce knowledge, tools, and resources that help engage community
stakeholders, encourage planning and action, and increase impact (50).

Causal mechanisms are the bridge that connects systems science with implementation science.
Mechanistic explanations have a long history. For example, Leonardo da Vinci used mechanistic
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explanations to understand the world around him, and he believed that the entire world and all its
objects were machines. “As Leonardo and others led Europe into a new scientific age, he ridiculed
astrologers, alchemists, and others who believed in nonmechanistic explanations of cause and
effect” (41, chapter 12).

Many have noted the challenging nature of implementation science. It deals with complicated,
multidimensional interventions and implementation strategies that are situated within compli-
cated and dynamic organizational settings, are carried out over long time periods, and are often
focused on multiple types of individual and organizational level outcomes (1, 104). That is, im-
plementation science is challenging because it deals with complex systems. However, as we have
seen, complex systems can be studied, understood, and improved. So, the solution to this com-
plexity conundrum is to embrace it by bringing systems thinking and methods more fully into
implementation research.
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