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Introduction

Broadly defined, peacebuilding encompasses a wide variety of activities aimed at halting or
preventing violent conflict within or between states. Many people working in peacebuilding
and related fields such as international development and international relations recognize the
potential value in taking a systems perspective that can help understand and shape how indi-
viduals situated in interconnected social systems shift their behaviors from violence to non-
violence. Among others, the United States Institute of Peace (USIP) has taken concrete steps
to use this perspective to guide program design, evaluation, and strategy. In conducting this
evidence review, we sought to build on these steps by considering specific methodologies
within the umbrella of systems science and their potential contributions to the field. We re-
viewed existing research using such methods to address the following core question: Can sys-
tems science methods help peacebuilding practitioners and decision makers address violent
conflict more effectively?
To help facilitate the research, we investigated the following three subquestions:

1. Is there evidence that systems science can help practitioners and decision makers better
understand and anticipate the complex dynamics (for example, propagation of trust, vio-
lence, or corruption) that peacebuilding interventions seek to address?

2. Isthere evidence that the application of systems science can help practitioners and deci-
sion makers identify leverage points for effecting change in peacebuilding interventions?

3. Isthere evidence that the application of systems science can help practitioners and deci-

sion makers anticipate and manage unpredictability during the implementation of peace-
building interventions?

Background

2

A complex adaptive system has diverse elements that interact with one another and change
over time to generate system-level patterns that are often not uniform, linear, or intuitive.> The
nature of complex adaptive systems presents challenges for traditional quantitative analytic
techniques that (among other things) require strict assumptions about independence. Complex
adaptive systems occur across theoretical, natural, and social sciences. They share general
properties across these topic spaces, displaying both interdependence and adaptivity at a mini-
mum and potentially heterogeneity. In this paper, for the sake of brevity, we use “system” to
refer to a complex adaptive system and focus exclusively on how such systems manifest in social
contexts (in other words, those that are concerned with human behavior and its impact).
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Interdependence occurs when phenomena of interest are driven by interpersonal inter-
actions in which people affect others’ behaviors and outcomes. These interactions can be di-
rect, such as coercion, persuasion, cooperation, compromise, harm, aid, or information
sharing. They can also be indirect, with behavior affecting environments that then impact
others. For example, members of a divided community can participate in rebuilding housing or
common infrastructure, and as a result of these efforts, effect sustainable reconciliation be-
tween the rest of the community. Interdependence can take place at or between multiple
levels of aggregation: individual, organizational, institutional, or state. For example, participa-
tion in an electoral system involves interdependence between individuals and institutions.

A social system demonstrates adaptation when people or their environments change
over time. People may alter their behavior or decision-making strategies based on additional
information, changes in their own circumstances, past experiences, observation of others’ be-
havior and outcomes, or a shifting landscape. For example, cooperation can be more likely to
occur when it has been proven successful, so “getting the ball rolling” is a fundamental chal-
lenge in a scenario where productive cooperation has yet to occur. Similarly, the ways in which
environments affect, or are affected by, people may change over time. For example, a chang-
ing climate might affect agricultural and water resources in ways that make the return of inter-
nally displaced people more difficult over time.

Finally, it may be important to consider heterogeneity within systems. Populations and
contexts may differ in significant ways that shape the interdependent, adaptive mechanisms
driving outcomes of interest. Heterogeneity can include variation in geography, social settings,
or relevant properties of people and the environments in which they operate. For example,
successfully reintegrating former combatants might be highly dependent on factors related
not only to the combatants themselves but also the circumstances in which they are
reintroduced.

Using tools from complex systems can allow for a deeper understanding of how social
phenomena operate and why interventions may have effects that are unexpected or differ
across contexts.* Trying to anticipate patterns in a system with a high degree of complexity
solely based on mental models (consisting of little more than intuition) can be limiting or mis-
leading. For example, the design and implementation of “stop and frisk” policing in US cities
was based on mental models of law enforcement and the criminal justice system: It was
thought that increased detection and enforcement in high-crime areas (even of low-level
crimes) would deter criminal activities, including those most dangerous and damaging. How-
ever, positive effects on crime rates ended up being more limited, localized, and fleeting than
predicted, and there were unanticipated costs.”

Available quantitative evidence alone can also prove insufficient to understand how com-
plex systems operate and interventions create effects. For instance, the “gold standard” in
causal inference in many fields is employing a randomized controlled trial (RCT). But there are
many situations in which doing so is unethical or simply infeasible due to prohibitive cost, risk,
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or danger, and so RCT data are not available. For example, we cannot and should not use an
RCT to estimate the long-term mental health impacts of exposure to ethnic conflict. Even
when RCTs are possible, extrapolating from their results to formulate actions can sometimes
lead to disappointing outcomes. Interventions that appear promising when measured using a
small-scale RCT may turn out to have muted—or even negative—effects when brought to
larger scales as interdependent elements of the system respond adaptively over time: An RCT
where a treatment group of a few hundred high school students receives large college tuition
subsidies may indicate that this has a positive impact on attendance in selective colleges. How-
ever, if implemented universally, the effect might be washed out by the collective behavior of
college applicants and colleges’ adjustments in admissions practices; if everyone receives this
benefit, enrollment patterns do not change much.® Similarly, interventions backed by RCT evi-
dence might have entirely different effects when applied in contexts in which the underlying
system is substantially different: An intervention that incentivizes voting might increase par-
ticipation substantially in a US city but would do little when implemented somewhere where
voting is mandatory (such as in Australia).

Using complex systems tools in concert with available data provides additional insight
into what works, for whom, and why. This insight can be critical when considering how to best
design and implement changes in policy and practice across settings. Effective approaches may
be subtle, novel, or unconventional or may leverage hidden synergies; systems science tools
can help elucidate these.

Systems Science Tools

We focused our evidence review on four systems science tools that can be used to gain valu-
able insight into the operation of systems and that are frequently (and successfully) used to
provide concrete guidance for policy and practice. This set of tools, described below, is not
exhaustive. Rather, it is intended to highlight several different approaches to systems science
research.” Our goal was not to provide best practices or “how to” primers for these ap-
proaches; there are large bodies of literature that accomplish this.2 The aim was to define
terms to provide clarity while discussing the case studies we reviewed.

The application of these tools is not mutually exclusive with other research tools within
or outside systems science. It is often beneficial to use estimates from traditional statistical
analyses (for example, effect estimates from an RCT) to inform systems science models. Simi-
larly, it is possible to combine them into “hybrid” models or to use multiple systems science
tools for different functions in the context of a broader research effort.’

Following the tools’” general descriptions are case studies that illustrate how each tool,
alone or in concert, has been successfully used to answer research questions with important
practical implications.
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SYSTEM DYNAMICS MODELS

System dynamics is a quantitative approach that involves fully specifying and characterizing
the structure and dynamics of systems using mathematics. The approach has long been used
to apply concepts familiar to engineers and physical scientists to the study of social behavior
and organizations.'® Although system dynamics models can be presented purely mathemati-
cally as sets of variables and dynamic equations, they can also be presented graphically by
creating a relatively user-friendly, top-down visualization of a system. This is typically achieved
by creating a causal loop diagram (see the Appendix). Elements within system dynamics mod-
els include stocks, indicating the specific quantities of a specified resource or construct; flows,
which describe how stocks accumulate or deplete over time; and feedback loops, which indi-
cate how relationships within the system might change over time (for example, as more people
participate in collaborative behavior, it becomes easier to entice others to join, creating posi-
tive or reinforcing feedback).'* System dynamics models can operate at a single level (for ex-
ample, at the individual level) or a multilevel (for example, characterizing both individuals and
intraindividual characteristics such as levels of trust). It is important to note that the formal,
guantitative analysis of a system dynamics model requires every element within the system
to be fully specified: Stocks must have associated units (for example, the number of people
infected with a disease), flows must have rates of change, and all flows and feedback loops
must be defined with equations that incorporate all relevant variables.

NETWORK ANALYSIS

Network analysis is fundamentally focused on questions about connections between discrete
units.'? The first step in network analysis involves considering what network or networks are
relevant for the questions being addressed. Nodes (alternately referred to in research as verti-
ces or points) in the network can represent individuals, groups, nations, or other units of inter-
est. The edges (alternatively referred to as arcs, lines, or ties) that connect nodes can similarly
represent a wide variety of ways that nodes are related to one another (influence, authority,
transactions, interactions, or kinship). Both nodes and edges can be assigned properties. For
example, if nodes represent individuals, network analysis might incorporate properties such as
demographics (gender, ethnicity, or age), attitudes (politically conservative or liberal), or roles
(rank in an organization). Edges can take on properties that qualify relationships, such as fre-
guency of interactions, amount of trust, or whether a relationship is between members of the
same immediate family. Either network edges or specific edge properties can be characterized
as directed, going from one node to the other, vice versa, or both (bidirectional).

Quantitative network analyses involve estimating network properties such as density
(the proportion of possible connections that are actually present), average node distance (the
mean number of minimum edges that must be traversed to connect each pair of nodes), or
clustering (the frequency of transitivity such that if node A is connected to B and A is
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connected to C, B is also connected to C). Descriptions of network properties might be useful
on their own. For example, simply knowing that individuals within one organization are
sparsely connected to one another relative to other organizations might be meaningful based
on existing research or theories. Longitudinal network data can be analyzed to determine
how networks change over time in relevant ways. Analyses might involve estimating whether
and in what ways network properties are related to treatment, outcomes of interest, or both.
This can be done either correlationally with cross-sectional data or causally with appropriate
longitudinal data. Finally, there are types of network analyses that can be employed to gain
insight into causal mechanisms that might drive network changes. One of these, stochastic
actor-based modeling, is closely related to agent-based modeling, described below.*3

AGENT-BASED MODELING

Agent-based modeling (ABM) is a bottom-up systems research tool in which entities—as well as
their interactions with one another and the environments in which they operate—are all explic-
itly represented throughout a dynamic computational simulation.'* Agents in a model can rep-
resent a single operational level (for example, individuals) or multiple levels (for example,
employees and organizations). Similarly, interactions can occur between agents of the same
type, agents of different types, or agents and their environments. ABMs are very flexible with
regards to heterogeneity (agent properties, behavioral strategy, and adaptation over time).
They are capable of representing a wide variety of environments, including ones that capture
geospatial features or social structures. Finally, ABMs can represent different levels of time
granularity (for example, simulating activities that occur every hour or aggregating them into
days) and time spans (for example, a simulation run might depict one year or a decade).

As opposed to system dynamics models, in which system-level relationships are clear
from the design phase onward, ABMs allow for system-level patterns to emerge from
individual-level behavior and interaction over time. However, the trade-off is that individual-
level attributes and behaviors must all be fully specified in these models, along with the envi-
ronments in which they take place.

GROUP MODEL BUILDING

Group model building (GMB) is a systems science approach that is inherently and intentionally
participatory.’ As such, it is intended to (1) answer questions about the operation of systems
and the potential impact of interventions and (2) develop capacity for systems thinking; build
communication, trust, and consensus among diverse stakeholders involved in the process; and
create buy-in, enthusiasm, and empowerment for action plans that emerge as a result of GMB.1°

Typically, GMB engages participants in a set of group activities led by one or more facilita-
tors. Facilitators select exercises ahead of time based on the research goals, create scripts to
guide implementation of the exercises, and develop clear processes for observing and
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recording participants’ engagement.!” A wide variety of activities can be used, but generally
researchers will guide participants through articulating a clear problem or problems (a goal
that the group believes can be advanced through better understanding a system); formulating
hypotheses about the structure and dynamics of the relevant system; collectively producing a
plan to address problems, taking into account conjectured (or, potentially, observed or tested)
system structure and dynamics; and establishing metrics or assessment tools to determine
success.

In addition to fostering action—informed by systems thinking and input from stake-
holders with direct knowledge about different areas of the relevant system—GMB can pro-
duce data for other systems science tool applications. Most frequently, GMB is paired with
system dynamics;*® as participants engage in exercises to articulate how elements of a system
are dynamically linked, they create and iteratively improve upon the causal loop diagram (see
the Appendix). Pathways within this diagram can be quantified, potentially through the GMB
process, and then used as the basis for the design of a system dynamics model (as described
above).'® Similarly, participants might create a connection circle that describes relationships
within networks salient to the system and problem, and this can be used for further network
analysis.?% Products created during GMB to describe the structure and operation of a system
can also be used in the design and refinement of ABM.?!

Case Studies Part 1: Systems Science Exemplars
in Related Fields

The application of systems science tools to guide peacebuilding is in its infancy. However, the
tools have been used extensively for decades to explore other social science and public policy
topics. While the below five case studies do not directly pertain to peacebuilding, the exami-
nation of systems science models that similarly address dynamic and adaptive social systems
can prove useful when considering the development of models that inform peacebuilding ef-
forts: Violent conflict is the result of interactions between organizations and individuals that
are affected by resources, social structures, perceptions, incentives, beliefs, and decision-
making strategies (among other things). Components of systems science models can be repur-
posed as needed to avoid redundant efforts. For example, characterizations of social influence
can be transposed—albeit not without due consideration of underlying assumptions—from
one context to another. Beyond revealing direct model components that can be productively
repurposed, the case studies demonstrate how practitioners in related fields have approached
the process of modeling social systems. For example, some have convened a collaborative
team with appropriate methodological, content, and contextual expertise; designed a model
that is “as simple as possible, but not simpler” to address specified research goals;?* utilized
appropriate data, potentially from multiple sources; engaged in testing to determine a model’s
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explanatory power or sensitivity to assumptions; and analyzed model output to provide insight
into system etiology or potential intervention effects.

We selected each case study either because we were directly involved with the research
or because the research resulted in highly visible, impactful models and applications, or both.
This selection approach allowed us to more easily identify the costs and benefits associated
with systems science tools across a variety of topics and research goals. For each case study,
we summarize the research context, methodology, main findings, practical impact, research
costs, and ways in which elements of the case study might be directly applicable to peace-
building research. We then explore the implications of these case studies, taken together, for
each of our three evidence-review subquestions.

SELECTED CASE STUDY 1: AGENT-BASED MODELS
OF COLLEGE ENROLLMENT

Overview. ABM was used to explore how changes to policy might affect equitable access to
higher education.?

Context. The US Supreme Court recently considered whether and under what circum-
stances race-based affirmative action is allowable in college admissions decisions.?* Although
the court acknowledged racial diversity as a legitimate goal for public universities, the control-
ling decision shows clear discomfort with, and uncertainty about, race-based affirmative action
as a means to attain such diversity. The court stated that the university has the “ultimate bur-
den of demonstrating, before turning to racial classifications, that available, workable race-
neutral alternatives do not suffice” and that “[t]he University ... does have a continuing
obligationto . . . [tailor] its approach in light of changing circumstances, ensuring that race plays
no greater role than is necessary to meet its compelling interest [in racial diversity].”?® This pre-
sented researchers with an opportunity to address a policy-relevant question with wide-ranging
societal ramifications: Is it possible to craft race-neutral admissions strategies that generate
substantial levels of racial diversity in college enrollment?

Methodology. Because it is infeasible and unethical to approach this question experi-
mentally using real-world colleges and students (for example, by conducting an RCT), the
researchers created an ABM for the college enroliment process. This model captured quintes-
sential elements of the system: heterogeneity across colleges and prospective students; bi-
directional decision-making, with students deciding where to apply, colleges deciding whom
to admit, and admitted students deciding where to enroll; and adaptation over time as col-
leges and students dynamically adjust to changes in the higher education landscape (for ex-
ample, changes in the number of students to be admitted in a given year in order to fill
available spots). After developing and testing the ABM, it was used experimentally to explore
whether race-neutral alternatives that replace race-based affirmative action admissions poli-
cies with socioeconomic-based affirmative action and race-based recruitment could deliver
levels of diversity observed when selective colleges use race-based affirmative action.
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Summary of findings. Combinations of high-magnitude, race-neutral alternatives are re-
quired in order to achieve observed levels of racial diversity in college enrollees. However, the
presence and strength of such approaches are likely either impractical or prohibitively expen-
sive for most, if not all, colleges to engage in.

Practical impact. The research findings were included as supporting evidence in a brief
to the Supreme Court, and it is possible that these findings will play a similar role as the court
once again turns its attention to affirmative action in higher education.?® Similarly, an updated
version of the enrollment model was used to adjudicate claims made by the 2020 presidential
candidates about the impact of vastly expanding college subsidization programs.?’

Research costs. The researchers built upon a previously developed ABM of college en-
rollment.?® Completion of the two ABM phases took over five years. To satisfactorily address
research questions about actionable admissions strategies, the ABM drew on multiple sources
of high-quality data and theory: nationally representative data on colleges and applicants, the-
ory about and observation of student and college decision-making processes, and available
admissions strategies to consider. Thousands of simulation runs were conducted, resulting in
large model output datasets (>100GB) to synthesize during analyses.

Potential applications for peacebuilding research. These models tie together issues of
equity, racial segregation, access to scarce resources, intergenerational mobility and replica-
tion of status, public policy, and individual action.

SELECTED CASE STUDY 2: AGENT-BASED MODELS
OF RESIDENTIAL SEGREGATION

Overview. ABM was used to understand potential drivers of persistent patterns in residential
segregation.?®

Context. As the American Civil Rights movement progressed during the middle of the twen-
tieth century, de jure barriers to racial integration—related to how people lived, attended school,
worked, and socialized—steadily eroded. However, activists, policymakers, and social scientists
noted that the attendant impact on de facto segregation was noticeably muted. A number of hy-
potheses were given as to why this was so, ranging from vestiges of formal racial segregation be-
ing slow to disappear in practice to the pernicious presence of widespread racial animus preventing
true integration. In one of the earliest ABM applications in social science, Thomas Schelling en-
gaged in a computationally aided “thought experiment” to determine whether residential segre-
gation must necessarily stem from strong formal barriers or racial intolerance.3° Since his research
on the subject was first published, social scientists have built upon it to answer this thorny etio-
logical question and provide insight into strategies for sustainable racial integration.3?

Methodology. Schelling’s initial model of residential segregation was elegantly simple in
design: equal numbers of two different types of simulated households were placed at random
onto grid squares. Each household observed its immediate “neighbors” (in other words, the
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surrounding eight squares), and if a greater proportion of the neighbors were of a different
type than they preferred, then they would move to a randomly selected empty square.3? Subse-
guent iterations of the model included increasingly sophisticated elements, such as additional
household types, heterogenous segregation preferences, realistic geography, and additional
housing market factors.*3

Summary of findings. Within the simulation, relatively moderate individual-level prefer-
ences for similar neighbors (at least 30 percent) can result in high levels of residential segre-
gation.?* This pattern is less pronounced but still observable when additional complexity is
incorporated in the models.3> Taken together, findings from computational models are remark-
ably consistent with quantitative and qualitative data that have subsequently been collected.?®

Practical impact. These models have provided guidance to policymakers weighing alter-
native approaches to increase integration in their metropolitan areas; there is still much more
that ABM can do to inform policies to reduce segregation and its pernicious effects. Similar
models have also been used to examine the causes behind, and potential solutions to, racial
segregation in public schools, even in settings where school choice policies putatively decou-
ple attendance from residence.?’ Specifically, a computational model of student assignment
was used to narrowly defeat a proposal under consideration by the school board of the San
Francisco Unified School District; the proposal would have increased priority given to resi-
dence near schools, which would have allowed residential segregation patterns to be addition-
ally reflected in public school attendance.3®

Research costs. Over the course of 50 years, the evolution of ABM from simple “thought
experiments” carried out by hand using a game board and pieces to much more sophisticated
experiments demonstrates the cost trade-offs in systems science approaches in general and
ABM in particular. A very simple model does not require much data, development time, or com-
putational resources. However, it does require making a much larger number of implicit as-
sumptions than a more complex model. For example, the simple model of residential segregation
assumes that there are no constraints to making a household move and no purposeful decision-
making involved when choosing where to go.3° Such a model can be immensely useful for build-
ing and testing theory, as well as for guiding future data collection and modeling efforts.*°

In contrast, a highly sophisticated model of residential segregation can engage with more
empirically grounded assumptions, but it requires more data, some or all of which might need
to be collected specifically for the research project. Development time also increases with ad-
ditional data inputs and specified dynamics. Finally, although computational resources are
more readily available today, computing time and storage space can still be prohibitive
given that large numbers of simulated entities are making multifactor, strategic decisions.** At
the same time, these more sophisticated “next generation” models can be useful for retro-
spectively explaining the underlying causes of observed phenomena or for prospectively se-
lecting approaches with a high probability of success and sustainable favorable change.* In

10 | The Application of Systems Science to Peacebuilding | USIP.ORG



practice, systems science models across the continuum from simple to complex are fruitfully
employed.

Potential applications for peacebuilding research. Understanding the causes behind,
and possible strategies for, reducing residential segregation across racial or ethnic lines is rel-
evant for the study of conflict, as segregation is associated with animosity or competition.*?

SELECTED CASE STUDY 3: AGENT-BASED MODELS
OF THE ANCESTRAL PUEBLO

Overview. ABM was used to understand factors leading to historical depopulation in the
American Southwest.**

Context. The ancestors of the modern Pueblo people lived in the American Southwest
for thousands of years. Because of this long duration and favorable environmental conditions,
an abundance of archaeological evidence attesting to their presence has been documented.
However, archaeological evidence tends to be purely static and descriptive. It can answer the
what, where, and when questions quite well, but the how and why questions that researchers
often care about most remain tantalizingly out of reach. To address this gap, interdisciplinary
teams of researchers have used increasingly sophisticated ABMs to explore the causes of set-
tlement and civilization formation, agricultural behavior, internecine conflict, and migration.

Methodology. From inception, the ABM was highly sophisticated, incorporating dynamic
representations of multiple levels within the socioenvironmental system. The models captured
salient aspects of human physiology, such as consumption, starvation, and reproduction; so-
cial structures and behaviors, such as households and communities; geography, such as hy-
drology and soil attributes; ecology, such as agriculture and the presence of plant resources
and nonhuman animals; and climate, such as rainfall and temperatures. These models were
designed to be large in scale, in terms of size of the geographic area, number of individuals,
and the timescales used in simulations. The models were capable of generating output with a
high degree of spatiotemporal detail, which could help test hypotheses that observable ar-
chaeological evidence alone could not address.

Summary of findings. A comparison of the models’” output to archaeological data indi-
cates that the models have a high degree of explanatory power. Collectively, these models
provide insight into the formation of settlements, changes and advances in agricultural prac-
tices, the emergence of social and economic specialization, the emergence of political hierar-
chy, conflict between groups, and migration. Taken together, the models suggest that both the
violence experience by the Ancestral Pueblo people and their exodus en masse played key
roles in the complete depopulation of this region of the American Southwest in the thirteenth
century; hypotheses that changes in climate or ecology alone could have generated this out-
come are not consistent with the models’ findings.*
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Practical impacts. Given that this research focused on the distant past, the models’ find-
ings have had few direct, practical impacts on the present. However, field archaeologists and
anthropologists have used them to guide their data collection, interpret physical evidence,
and increasingly draw lessons from humanity’s past to help address looming challenges, espe-
cially climate change.

Research costs. Although the relatively large models did not incorporate highly sophisti-
cated decision-making like the ones used to simulate college application behavior, they none-
theless required fairly high levels of computational resources. A vast amount of data was
needed to satisfactorily characterize dynamics, agents, and environments in these models. For
example, to incorporate crop yields for the relevant times and places into the models, re-
searchers had to draw from multiple extant data sources.*® Determining what data were
required, as well as how to best synthesize it, required a highly interdisciplinary team. The re-
searchers involved had expertise in archaeology, cultural anthropology, demography, physiol-
ogy, geology, ecology, and complex systems.

Potential applications for peacebuilding research. These models were, by design, historical
in nature. As such, they might not seem relevant for guiding peacebuilding efforts. However, some
of the models’ core elements could be useful, including resource management, climate change
response, migration, cooperation, and conflict. Thus, these models could help with forward-
looking peacebuilding research that addresses concerns such as violence and displacement.

SELECTED CASE STUDY 4: SYSTEM DYNAMICS RETHINK MODEL

Overview. System dynamics was used to create a tool that can guide positive change in health
systems.4’

Context. The United States has long experienced higher health care costs and under-
whelming outcomes relative to other developed countries.*® This trend has persisted despite
large-scale investment of political capital and resources to transform how health care is deliv-
ered, such as through the Affordable Care Act signed in 2010.%° Although much is known about
linkages among individual-level needs, care, personnel capacity, and costs in public health,
limited attention has been paid to how these relationships dynamically interact, especially on
a large scale and over a long time frame.*® A better understanding of these dynamics could
help identify root causes of both the negative health outcomes overall and the persistent dis-
parities across racial and socioeconomic groups, as well as lead to actionable solutions.

Methodology. The ReThink model uses system dynamics to operationalize the factors that
interact over time and drive health care outcomes, resource capacities, and costs. The model is
designed to take a large-scale, long-term, and highly comprehensive perspective.®® It is intended to
solicit input and participation from stakeholders, whom the modeling team call stewards and who
have vested interest, knowledge, and influence within local and regional health care systems.>?
These stewards identify and prioritize system needs and goals, inform the characterization of a
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model that represents the contexts in which they operate, suggest feasible and high-potential
interventions to explore via computational simulation, and shepherd the real-world implementa-
tion of interventions that are selected based on analyses of model findings.>3

Summary of findings. In addition to specific local and regional recommendations, the
ReThink model provided insight into ways that the overall US health care system might be stra-
tegically adjusted to increase efficient and equitable delivery of outcomes over the next two
decades (through 2040).>*

Practical impacts. The ReThink system dynamics model, described by its design team as
a “health system in a computer,” has been used to represent a number of specific local and
regional contexts and potential strategies.>® Findings from these model applications have been
used to guide real-world improvements in health policies and practices.

Research costs. There are two major cost categories associated with the ReThink model:
data and personnel. Substantial amounts of data are required to characterize relevant model
elements on a large scale and over a long time frame.>® Not only is the initial outlay of data
required by the model large, but this expense is recurring; each application of the model to a
new context necessitates the procurement and analysis of appropriate data. One strong ele-
ment of the ReThink model is its explicit incorporation of individual and organizational stake-
holders as stewards. This ensures that the model reflects salient aspects of the specific context,
that experimentation reflects meaningful intervention options, and, perhaps most importantly,
that recommendations have a high likelihood of being acted upon. However, it takes a signifi-
cant amount of time and effort to identify, recruit, train, and empower stewards, many of
whom might be unfamiliar with the ReThink model or systems science more broadly.”’

Potential applications for peacebuilding research. This is an example of applying systems
science with the express input and engagement of relevant stakeholders. The model is highly
extensible—capable of being used across contexts to explore a number of potential interven-
tion options and outputs of interests—and can be used over a long time period to capture de-
layed impact. A similar approach—which solicits sustained feedback from key individuals or

organizations—could be used to develop and apply systems science in peacebuilding research.

SELECTED CASE STUDY 5: WHOLE-OF-COMMUNITY
CHILDHOOD OBESITY PREVENTION EFFORTS

Overview. ABM, GMB, and network analysis are being used in combination to help community
stakeholders design and implement effective childhood obesity prevention efforts.>®

Context. Childhood obesity is a persistent problem in many nations, including the United
States. It imposes long-term individual health burdens and societal costs. Because of its greater
prevalence among low-income and minority populations, it also is a large contributor to health
disparities. These problems have become particularly apparent during the COVID-19 pandemic.
However, whole-of-community interventions have had some success in addressing childhood
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obesity at the local level.>® These efforts intentionally cultivate the active participation of diverse
community stakeholders, who leverage their knowledge of community needs and resources to
design and implement changes in policy and practice.®® To replicate this success, it is necessary to
understand not only what has worked, but also why and how positive impact has been achieved.

Methodology. The Childhood Obesity Modeling for Prevention and Community Transfor-
mation (COMPACT) project is an ongoing, iterative collaboration between childhood obesity pre-
vention intervention experts and systems science researchers to (1) evaluate and explain the
success of several completed whole-of-community childhood obesity prevention efforts and
(2) use the findings to help conceive and implement childhood obesity prevention in new com-
munities. Whole-of-community childhood obesity interventions are inherently predicated on
systems thinking and are therefore well suited for the application of systems science tools. COM-
PACT is designed to deploy and refine an interconnected suite of systems science tools over time.
Data are collected using custom-built survey instruments as well as through GMB.®! Next, a social
network analysis of the relevant data is conducted to understand the social structures connecting
community stakeholders who directly or indirectly influence children’s health outcomes.®? And
ABM is used both to help shape intervention design and gauge intervention impact.®?

Summary of findings. Data have been used as input into an ABM that captures how an inten-
tionally convened “steering committee” of community stakeholders can build on their knowledge
about and engagement with childhood obesity prevention in their community and also create con-
ditions across community sectors (for example, childcare, school nutrition) favorable for positive,
sustained change. Finally, lessons learned from these analyses have been used to continually im-
prove intervention design for future use. This includes a suite of GMB activities that steering com-
mittee members engage in as they plan and implement changes to policies and practice.®

Practical impacts. COMPACT has generated survey tools to measure community contexts
that have been tested and iteratively improved, completed social network analyses to quantify
relevant social settings, used ABM to understand the mechanisms that drive community readi-
ness to change, and produced GMB scripts to facilitate participant-led positive change. These
systems science tools have been and will continue to be used to design and implement whole-
of-community interventions with positive and sustainable impacts on children’s health.%°

Research costs. For five years, this project has brought together intervention and sys-
tems science experts from around the world to support concentrated research activity. The
work is primarily funded through a multimillion-dollar award from the US National Institutes
of Health. At least two dozen individuals across five institutions have participated. Resource-
heavy endeavors have included survey design, data gathering, primary data analyses, ABM,
and prospective intervention design and implementation.

Potential applications for peacebuilding research. High-quality, intentional, and itera-
tive participatory systems science is the core of this project. Although childhood health might
be only tangentially related to peacebuilding, the project’s tools and processes can be produc-
tively applied in this field and others. It is not hard to imagine how findings from a preliminary
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evaluation of social networks, coupled with knowledge related to and engagement with con-
flict resolution at the community level, might be useful. Similarly, ABM to guide the effective
implementation of a whole-of-community conflict prevention initiative—including GMB activi-
ties with diverse community stakeholders—could prove fruitful.

CASE STUDIES PART 1: SYNTHESIS OF FINDINGS

Evidence for Understanding Systems

Research subquestion: /s there evidence that systems science can help practitioners and deci-
sion makers better understand and anticipate the complex dynamics (for example, propagation
of trust, violence, or corruption) that peacebuilding interventions seek to address?

Each of the five case studies provides a concrete example of researchers applying sys-
tems science tools to explicate the underlying etiology of systems. In each case, the endeavor
was the first of its kind, and practitioners in relevant fields gleaned demonstrable benefits
from the insights provided.

Case study 1 highlights the first successful attempt to quantify causal pathways that dynami-
cally operate in concert to generate persistent racial and socioeconomic patterns in higher educa-
tion. And case study 2 includes one of the first demonstrations of the power of systems science to
elucidate how microlevel behavior can have macrolevel effects. Individuals’ actions can affect
others, who in turn respond; and the system-level outcomes that eventually emerge seem coun-
terintuitive when only considering individual-level perceptions, motivations, and behaviors.

Case study 3 is an excellent example of how systems science tools can help quantify in-
teractions between multiple levels of a system over a long period of time. Because what causal
mechanisms generated observed patterns in the archaeological record was presupposed or
much debated, the use of ABM was crucial in providing scientific insight.

Case study 4 shows how system dynamics can meaningfully represent the large array of
factors that interact with one another over a long time span and that drive key outcomes of
the health care system in a local, regional, or national context.

Finally, case study 5 includes the formulation and subsequent testing of a specific hypoth-
esis for how individual health outcomes result from “upstream” activity in the system. Research-
ers refer to this hypothesis as “stakeholder-driven community diffusion.”®® The hypothesis is that
a steering committee of diverse community stakeholders can act to increase knowledge and en-
gagement through their social networks over time. This is a necessary precursor to fostering
sustainable and context-appropriate “midstream” changes in childcare, health care, and local
government policies and practices that effect the intended, positive health outcomes.

None of these case studies included an application of systems science tools to assess
outcomes directly related to current or future peacebuilding efforts. However, they all show
how these tools could represent social behavior in ways that provide peacebuilding research-
ers and practitioners with a greater understanding of systems in conflict settings.
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Evidence for Identifying Leverage Points

Research subquestion: /s there evidence that the application of systems science can help prac-
titioners and decision makers identify leverage points for effecting change in peacebuilding
interventions?

Each of these selected case studies illustrates how researchers can use systems science
tools to identify leverage points through which feasible interventions can have maximal im-
pact on outcomes of interest. These insights can be roughly divided into two types: prospec-
tive and retrospective. In the first, salient aspects of a current (or recent) system are
represented and then simulations run from that starting point under different counterfactual
conditions to reveal which, if any, results in desired impact. In the second, an already com-
pleted historical event is simulated and then compared to alternative conditions to reveal
what set of actions or circumstances might have yielded a preferable outcome; these findings
are then used to inform the formulation of future strategies.®’

The underlying, iteratively developed model in case study 1 was used to address three
broad categories of policy questions; the goal was to identify effective and sustainable interven-
tions to make the higher education landscape more equitable. The first category focused on so-
cioeconomic stratification related to who attends college and where.®® A sample finding is that
addressing disparities in information quality about the college application process might be a
feasible way to reduce inequitable enrollment, but the effort is unlikely to completely level the
playing field. The second category focused on different approaches (for example, “race-neutral”
alternatives to race-based affirmative action) to addressing inequitable access patterns across
students of different races. The third focused on a more nascent application to consider how
best to structure college subsidy programs (for example, “free college”) for maximal impact.®®
Similarly, the set of models described in case study 2 were used to identify promising strategies
for counteracting seeming intractable, large-scale negative patterns such as racial segregation.

In case study 3, retrospective models of historical events from the distant past were used
to answer interesting—and potentially important—questions about counterfactual scenarios.
For instance, these models could provide clues as to whether and in what ways violent interac-
tions between groups might have been avoided had sociocultural or ecological circumstances
been different. The clues might then provide lessons that can be applied (with caution, given
differences in context) to modern situations.

Conversely, case study 4 highlights a prospective approach to identifying leverage points.
That is, given limitations imposed by system structure, the ReThink model was used to reveal
feasible ways in which health care systems can operate more equitably and effectively.

Finally, case study 5 shows how the use of multiple, overlapping systems science tools
can reveal distinct but related leverage points. First, ABM provided key guidance for how
knowledge and engagement can be effectively generated throughout a community (for exam-
ple, via the optimal composition of a steering committee). This information flow was both
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more precise and less costly to obtain than it would have been in applying other means, such
as RCTs.”? Second, ABM was deployed prospectively to guide the formation of the Shape Up
Under 5 steering committee.”! This committee engaged in guided GMB activities designed to
facilitate the planning and implementation of effective, systems-based, midstream solutions.
This resulted in the Eat Sleep Play campaign in the Somerville, Massachusetts, community,
with initial reports indicating cause for optimism.”? Based on lessons learned and the substan-
tial investment of time and effort, many other communities are now using the tools and pro-
cesses that the COMPACT project developed.”?

In large part, the ability of systems science tools to identify leverage points through
which positive impact can be achieved comes from their ability to consider large numbers of
counterfactual scenarios. With guidance from experts and stakeholders, this capability can be
directed toward crafting optimal strategies.

Evidence for Handling Uncertainty

Research subquestion: /s there evidence that the application of systems science can help prac-
titioners and decision makers anticipate and manage unpredictability in the implementation of
peacebuilding interventions?

Each case study demonstrates how systems science can help manage uncertainty. Broadly
speaking, systems science tools can prove useful in two ways. The first is through extrapolation
to larger scales of time, geographic, or social space. That is, a pilot intervention might show
short- or medium-term positive effects that ultimately fade out or are reversed when the in-
tervention is replicated at scale. Systems science tools can help anticipate long-term outcomes
before resources and effort are invested in action. Second, as with any model that abstracts
human behavior in a computational framework, assumptions can and should be subjected to
sensitivity analyses. By following this best practice, systems science tools can provide guidance
on whether and how to engage in additional data collection activities before taking action.

The model used in case study 1 is designed to explore long-term trends in enrollment
that might result from changes in both applicant and college behavior. Thus, the model is able
to provide insight into delayed effects, countertrends, or cyclical patterns. Repeated simula-
tion runs provide estimates of uncertainty in outcomes of interest such as enrollment of
underrepresented minorities in elite schools after a change in policy. Finally, assumptions used
to characterize these functions are subjected to extensive sensitivity analyses, thereby provid-
ing additional information about the robustness of findings.

The models used in case study 2 can be run on large time scales as well as across fairly large
geographic settings (although doing so increases the data requirements and computational
costs). Thus, the models can not only capture interventions that might have gradually decreasing
impacts or even unintended negative consequences, but also potentially provide insight into the
possibility of “spillover” situations (for example, when reducing residential segregation in one
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community comes at the expense of increasing it elsewhere). As with other ABMs that incorpo-
rate stochastic elements, repeated simulation runs provide estimates of uncertainty.

The extremely retrospective historical models included in case study 3 were intentionally
designed to observe trends over hundreds of years. As such, they can be used to think about
path dependence and unintended consequences. For example, these models could shed light
on whether a ninth-century decision to change agricultural practices, which might have made
sense in the short term, had negative long-term ramifications. In addition, extensive use of
these models has helped determine what additional data are needed and where to look for it.

The ReThink model described in case study 4 was used to capture a health care setting
where there is not much current uncertainty about factors such as costs and capacity. However,
the model can operate over long time periods, allowing uncertainty to be productively explored
(for example, how technology advances might enable more efficient health care delivery).

Finally, the ABM described in case study 5 can provide prospective guidance by analyzing a
relatively small sample of initial data. By collecting data on the community context from a small set
of individuals—such as steering committee members and those people they frequently interact
with—as well as input from community experts, the model can estimate potential long-term
changes that might result from the intervention. Then, through repeated model applications, these
estimates can reveal the distribution of possible outcomes, which helps quantify uncertainty.’*

Case Studies Part 2: Direct Applications of Systems Science
Research to Peacebuilding

This part of the evidence review aimed to identify any research that was at least somewhat suc-
cessful in applying systems science methodology in settings directly related to peacebuilding.
We explored the very nascent body of literature at the intersection of peacebuilding and systems
science in order to gauge the “lay of the land,” address our primary evidence review question
and subquestions, and provide a cache of initial literature that may be useful for future systems
science attempts. (See the Appendix for details on the literature review methodology.)

Each publication, or case study, that we identified discusses at least one application of
systems science tools to a peacebuilding topic. We omitted those that discuss the potential of
systems science tools to address a topic or only propose ways in which researchers might use
the tools. This is because our goal was to meaningfully assess whether, to what extent, and in
which ways systems science research can make a practical contribution to peacebuilding ef-
forts. Table 1 lists the selected case studies; their basic descriptions; the systems science tools
used; and the evidence they contribute, divided into three categories (understanding systems,
identifying leverage points, and handling uncertainty). This summary allows researchers to
easily see which tools were used and how frequently they were employed for different
purposes.
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Synthesis of Evidence

MAIN FINDINGS

Based on this evidence review, we believe that systems science can help peacebuilding practi-
tioners and decision makers address violent conflict more effectively. Yet it is clear that there
has been little direct application of systems science tools to peacebuilding thus far. Relevant
efforts have tended to address surface-level research topics, with modest implications for
designing and implementing high-impact peacebuilding efforts. The explication of covert
networks (or terror cells) was the most common focus among the case studies reviewed. Cer-
tainly, identifying and disrupting such networks can alleviate violence and instability, but the
existence of these networks is a symptom of conflict rather than a root cause. When we con-
sidered the successful application of systems science in related fields, though, we identified a
wealth of untapped potential in using systems science tools to provide concrete guidance to
peacebuilding efforts. There is reason to be quite optimistic that the application of these
methodologies could both reveal why conflict occurs (or might occur) in a given context and
also help identify effective strategies to promote sustainable peace.

There is strong evidence that systems science provides a way to better understand the
etiologies underlying the structures and processes that help or hinder peacebuilding efforts
(for example, intra- and intergroup trust, cycles of violence, or entrenched corruption). The
case studies reviewed indicate that not only have systems science approaches been able to
accomplish this task in related topic areas, but also that there have been nascent attempts—
with varying levels of success—to do so in contexts directly relevant to peacebuilding. Based
on this finding, we confidently conclude that future peacebuilding efforts can benefit from the
preliminary application of systems science research into how relevant systems are organized
and dynamically operate.

The case studies reviewed also indicate that systems science can help practitioners and
decision makers identify leverage points for effecting change through peacebuilding interven-
tions. The case studies directly related to peacebuilding topics did not yield any examples of
systems science being used to compare potential alternative intervention designs or imple-
mentation strategies for maximal positive impact. However, several of these case studies
yielded models that could likely be used to do so. Furthermore, a review of in-depth case stud-
ies taken from related proxy fields provides strong evidence that it is indeed possible to do so.
For example, ABM has revealed effective ways to increase equitable educational access and
decrease racial segregation; system dynamics modeling has suggested ways to increase the
efficient delivery of high-quality health care; and the synergistic, iterative application of GMB,
ABM, and network analysis has guided the deployment of whole-of-community childhood
obesity prevention interventions. Just as important, these same research tools have been used
to identify intervention approaches that appear intuitively or emotionally enticing (or are
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otherwise promising on paper), but are nonetheless unlikely to have a positive impact. There-
fore, we are convinced that the novel, innovative application of systems science to directly
guide the design of peacebuilding initiatives is worthy of significantly more investment in re-
sources and effort.

Finally, the evidence reviewed suggests that the application of systems science can help
practitioners and decision makers anticipate and manage unpredictability during the imple-
mentation of peacebuilding interventions. Although none of the case studies directly relevant
to peacebuilding explicitly addressed unpredictability, the studies that focused on adjacent or
overlapping topics suggest two distinct ways to do so: by considering long-term impact pat-
terns and by explicitly incorporating uncertainty about context and dynamics in analyses. The
first way makes sustainability a key component in the design of peacebuilding efforts. That is,
decision makers can use systems science tools to select an intervention design that has a mini-
mal initial positive impact but grows over time over a design that has a significant initial impact
but is subsequently reversed. The second way allows decisions to be made with due consider-
ation of “known unknowns.” Thus, decision makers might select an intervention design that
has a high probability of moderate success over a design that has a high probability of consid-
erable success but only under completely favorable conditions.

CLARIFYING EXAMPLE

The following example, informed by the evidence review, shows how different systems science
tools could be used to extend research in a specific context in which USIP currently operates,
with the goal of enhancing practical, positive impacts.®*

Project Description

Context. In Burkina Faso, violent extremist groups have been challenging the authority of the
Burkinabe state since 2015. As a result, many citizens have steadily lost faith in the state’s ca-
pacity to protect their rights, and international resources have been dedicated to supporting
Burkina Faso’s justice and security institutions. In 2017, the country’s court and its staff were
attacked by a group of citizens dissatisfied with judicial decisions affecting members of their
community. About one year later, USIP launched a project to improve the performance of the
formal court system in the town of Manga.

Methodology. USIP conducted GMB efforts from 2018 to 2022 in Manga, Burkina Faso.
The project brought together approximately twenty-five stakeholders from Manga. The group
included members of the formal justice system (judges, prosecutors, bailiffs, judicial staff);
members of the informal justice system (religious leaders, traditional chiefs, customary lead-
ers); those with formal authority outside of the justice system (mayor, prefect); and commu-
nity members with relevant perspectives such as women, youth, and commercial vendors.
USIP held preliminary consultations with these community representatives to assess their
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willingness to work together on the project’s GMB efforts. Once their willingness was con-
firmed, an 18-month locally led diagnostic research evaluation of the Manga formal court sys-
tem commenced. During working group sessions, qualitative data on interactions with the
formal court system were gathered in the form of more than 250 stories. Each story was then
coded and analyzed.

Initial impact. Thirteen recurring problems emerged from the story analyses. They included,
among others, social cultural barriers (for example, “Proceeding conducted in French, which | do
not speak”); geographic distance (for example, “The court is located 20 km away from my home.
I am unable to go” and “I could not stay overnight when my hearing was postponed”); and costs
(for example, “I am unable to afford a lawyer or pay fees at the court” and “Many intermediaries
promised me to help me with procedural problems on sight in exchange for money. They ran away
with the money”). Subsequent working-group sessions focused on supporting the stakeholders in
identifying how the 13 common problems interacted with one another and how they interacted
with the larger problem of performance, which the USIP project was meant to address. All the in-
formation collected was consolidated in an initial common problem tree, which was further con-
solidated into an initial draft causal loop diagram (CLD). Supported by USIP, the stakeholders then
worked collaboratively to validate and adjust the CLD and identify high leverage points. Finally,
these points were used to inform the development of a local action plan, as well as a monitoring
and evaluation framework to keep track of the plan’s implementation.

Potential Additional Modeling

Group Model Building. Additional GMB efforts could be employed, such as using scripts to
collect more information from stakeholders to further refine the action plan. One possibility is
a connection circle activity that creates a representation of the convened group’s collective
perception of relevant social networks. This product could help determine the extent to which
members of the formal and informal judicial systems currently do or are capable of coordinat-
ing efforts. Another GMB effort could be recruiting stakeholders who were not included in the
original group but who might be able to provide additional insights on the existing CLD and
action plan. Given that these endeavors would piggyback on those already underway—building
on USIP personnel’s relationships and knowledge, for example—this supplemental GMB work
would be similar in nature but easier to initiate and accomplish.

Social Network Analysis. Information about, and trust in, the court system are likely gar-
nered through both formal and informal channels within the community. Learning more about
how community members are socially connected—and, more importantly, where there are
key gaps in the social networks that can be addressed through explicit action—might suggest
ways that USIP can speed up and amplify the impact of its work in Manga. Data required for
social network analysis could be collected through interviews or survey instruments, but USIP
and local stakeholders would likely need to work together to develop and deploy them.
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System Dynamics. The most straightforward application of system dynamics could trans-
late the CLD that was created through stakeholder workshops into a fully quantified form. This
modeling could be used to test hypotheses that would have immediate practical implications,
such as whether the action plan is focused on the most high-impact leverage points and, if not,
which alternatives should be considered. Although the basis for the initial model design is the
extant CLD, there are two crucial remaining requirements for this approach. The first is expertise
in computational development and use, and the second is data to characterize model elements
and inform model calibration and testing. For example, a stock in the model might be community
members who would benefit from access to the court system; specific initial values would be
needed for the model as well as how these change with flows into and out of this stock.

Agent-Based Modeling. ABM can be used to represent the problems identified by stake-
holders at the individual level. A simple ABM might consist of a population of agents represen-
tative of Manga community members with respect to key attributes, including geographic
location. Over time, some members will need courts; these courts will either perform as in-
tended and expected for the community members (or not) based on their own characteristics
as well as those of the courts. Hypotheses could be tested to determine whether specific in-
terventions (for example, providing transportation to courts) are effective and, if so, in what
magnitudes or combinations they are most beneficial to community members. As with the
system dynamics application, this ABM effort would require a substantial amount of expertise
and data.

Additional Takeaways

Based on this evidence review and our experiences as researchers, the following general guid-
ance might be useful in applying systems science to the design and implementation of effec-
tive peacebuilding efforts.

Use the right tools for the job. As noted, this evidence review focuses on a small but not
exhaustive set of systems science tools, and it is possible to combine systems science ap-
proaches within projects (as done in the whole-of-community childhood obesity prevention
case study) or even within models.® Successfully applying systems science to achieve positive
impacts first and foremost requires selecting the right approach for the task. Considerations
should include the perspectives taken by researchers and stakeholders on how the system
operates, the nature of active entities within the system, heterogeneity in model elements,
and the importance of social or geographic space.®® For instance, an examination of how inter-
linked capacities drive outcomes related to peace might best be done using system dynamics,
while an examination of individual motivations and behaviors would use ABM.

Start simple, but you do not need to stop there. One of the biggest strengths of systems
science is its applicability to why and how questions. As such, when engaging in systems
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science research, it is useful to start with a very simple model (for example, Schelling’s initial
model of residential segregation) to more readily understand why a model is producing ob-
served behaviors.?” Initially, working with systems science models often feels unsatisfying or
even alien, especially for people with deep theoretical or practical expertise in a given topic
space. When working with stakeholders new to systems science, it can help to call upon George
Box’s advice, generally distilled to the maxim “all models are wrong, but some are useful.”®® It
is generally best to start with a model that leaves much of the real-world complexity out—but
whose processes are fully comprehensible—and then add more sophisticated components
when it becomes practically useful while remaining easy to understand.

The journey can be as rewarding as the destination. Proceeding through the iterative
process of systems science research can yield useful benefits prior to the end of a particular
project phase. The design of any model forces implicit assumptions to become explicit (and
more easily examined) and helps clarify the locus of uncertainty. Even designing a simple theo-
retical or prototype model can prove informative. Such models can often cast doubt on previ-
ously held assumptions or mental models, inspire new hypotheses, or provide guidance on
how to allocate scare resources to data collection activities. The subsequent steps toward a
usable model—including model design, data collection, or preliminary analysis—can then
have added, often surprising benefits. For example, in several of the case studies summarized
in this paper, GMB was part of the overall model design and data collection plan, but it also
positively impacted the overall project by increasing stakeholder engagement and systems
thinking capacity. Similarly, the collection of data for input into the models can reveal unex-
pected gaps in knowledge or understanding, thus inspiring further research with practical
implications.

You get what you pay for. Systems science models can have a high degree of predictive
power, providing timely guidance that is highly context-specific, incorporates precise disaggre-
gation across groups or places of interest, and considers a lengthy time horizon. However,
these benefits generally involve substantial costs. As outlined in the case studies earlier, these
include data, computational, and personnel costs related to:

e developing survey instruments, recruiting participants, deploying surveys, obtaining ex-
tant datasets, engaging in literature reviews, and meaningfully and appropriately combin-
ing data from multiple sources;

e data storage and computational processing; and

e convening a team with sufficient expertise, team management, and effort associated with
each phase of research.

Ideally, potential costs should be considered alongside project goals, timelines, and available
resources prior to and during systems science research. For example, a model with a high de-

gree of explanatory power in a given context can theoretically be used to consider an infinite
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number of counterfactuals. However, computational and personnel resources are finite and
often highly constrained by practical considerations.

Know your audience. The quality of systems science tools and their ultimate impact are
improved by early and frequent stakeholder engagement. It is essential that these tools have
face validity, given who will eventually use them directly and take actions based on the find-
ings. Facilitating relationships with stakeholders early on in the research and maintaining these
relationships ensures that model elements meet this face-validity standard. Fortunately, unlike
complicated statistical models, systems science models are relatively easy to communicate to
audiences with little or no research training.

Systems science tools are most effective when they are designed with the end users in
mind. Research results are only useful if they can be clearly communicated to those who will
act on them, and the most salient implications for policy and practice should be readily appar-
ent. Extensive engagement not only accomplishes this, but also confers a sense of trust, buy-
in, and ownership that enhances positive outcomes.
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Appendix

EXAMPLE OF A CAUSAL LOOP DIAGRAM

This diagram represents the system—as identified by community stakeholders—that generates food and
transportation behavior in Latin American cities. Stocks are represented with text; flows are represented
with arrows (a plus or minus sign indicates the direction of change, and a double bar indicates a time delay
in the relationship); and feedback loops are shown with either an R to denote positive or reinforcing feed-
back or a B to denote negative or balancing feedback.
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Source: Brent A. Langellier, Jill A. Kuhlberg, Ellis A. Ballard, S. Claire Slesinski, lvana
Stankov et al., “Using Community-based System Dynamics Modeling to Understand the
Complex Systems that Influence Health in Cities: The SALURBAL Study,” Health & Place
60 (2019): 102215, https://doi.org/10.1016/j.healthplace.2019.102215.

CASE STUDY PART 2, LITERATURE REVIEW METHODOLOGY

We first searched three databases: (1) Google Scholar, (2) Web of Science, and (3) Scopus. We believed
that these databases, together, would substantially cover the research most relevant for this evidence
review.
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Google Scholar Search Strings:

e “Group model-building” and “peace’
e “Group model-building” and “war”
e “Network Analysis” and “peace”

e “Network Analysis” and “war”

e “Agent-based model” and “peace”

e “Agent-based model” and “war”

e “System Dynamic” and “peace”

e “System dynamic” and “war”

J

Web of Science Search Strings:

e “Peace” or “Conflict” or “War” or “Genocide” or “Violence” or “Secession” or “Extremism” or “Eth-
nocentrism” or “Development” or “Diplomacy” and “Group model-building” or “Systems Thinking”
or “Agent-based model” or “System Dynamics” or “Network Analysis” or “Social Network”

e (“Peace” or “Conflict” or “War” or “Genocide” or “Violence” or “Secession” or “Extremism” or “Eth-
nocentrism” or “Development” or “Diplomacy”) AND (“Group model-building” or “Systems Thinking”
or “Agent-based model” or “System Dynamics” or “Network Analysis” or “Social network”)

Scopus Search Strings:

e “Peace” or “Conflict” or “War” or “Genocide” or “Violence” or “Secession” or “Extremism” or “Eth-
nocentrism” or “Development” or “Diplomacy” and “Group model-building” or “Systems Thinking”
or “Agent-based model” or “System Dynamics” or “Network Analysis” or “Social Network”

e (“Peace” or “Conflict” or “War” or “Genocide” or “Violence” or “Secession” or “Extremism” or “Eth-
nocentrism” or “Development” or “Diplomacy”) AND (“Group model-building” or “Systems Thinking”
or “Agent-based model” or “System Dynamics” or “Network Analysis” or “Social network”)

Following the database searches, we conducted a snowball search phase, in which we collected articles
that were cited in publications identified during the first phase. Then, recognizing that this literature re-
view was not exhaustive because of limitations imposed by database inclusion and indexing procedures as
well as our selection of search terms, we supplemented our set of case studies with a small set of literature
that we had prior knowledge about through external channels (for example, discussions with colleagues).

Next, we examined the literature collected to determine which publications were appropriate for in-
clusion as case studies in this evidence review. We applied the following inclusion criteria:

e Research that was published, in English, in a peer-reviewed journal; this ensured a minimum level of
quality and allowed us to judge whether additional criteria were met and to summarize articles as
case studies.

e Research that was completed and fully described; we specifically excluded proposed research or re-
search protocols. This approach allowed us to fully summarize the case studies, provide a clear descrip-
tion of the methodology (the systems science tool or tools used), make suppositions about the costs of
engaging in research (resources, personnel), and indicate findings and implications for the field.

e Research that was—or easily could be—applied to provide practical guidance; it is not purely hypo-
thetical or theoretical in nature, but instead can use empirical input data to provide specific, quantifi-
able output. In general, we erred on the side of inclusion here.
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