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1

1

Introduction

A virtual workshop titled Using Systems Applications to Inform Obesity 
Solutions, held on September 16, 2020, was convened by the Roundtable 
on Obesity Solutions, Health and Medicine Division, National Academies 
of Sciences, Engineering, and Medicine. This workshop built on a prior 
roundtable workshop (held in April [Part 1] and June [Part 2] 2020), 
which introduced complex systems thinking and explored systems science 
approaches to obesity solutions. The September 2020 workshop explored 
various systems science approaches (i.e., methodologies and tools) and 
support structures that could guide future obesity research and action, 
and featured examples of how these approaches can inform decision mak-
ing within policy and program areas.1 Workshop speakers discussed the 
support structures (e.g., data sources, modeling expertise, training, and 
partnerships and collaborations) that encourage and engage researchers 
and decision makers to use systems science approaches to  better understand 
the causes of and solutions to the obesity epidemic. Note that throughout 
this proceedings, the terms systems science “applications,” “approaches,” 
“methods,” and “models” are used interchangeably to describe analytical 

1 The planning committee’s role was limited to planning the workshop, and the Proceed-
ings of a Workshop was prepared by the rapporteur as a factual account of what occurred at 
the workshop. Statements, recommendations, and opinions expressed are those of individual 
presenters and participants and are not necessarily endorsed or verified by the National Acad-
emies of Sciences, Engineering, and Medicine. They should not be construed as reflecting any 
group consensus.
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2 USING SYSTEMS APPLICATIONS TO INFORM OBESITY SOLUTIONS

methodologies and tools. (See Appendix D for a glossary of terms used 
herein.) The workshop’s Statement of Task is in Box 1-1.2

INTRODUCTORY REMARKS

Nicolaas (Nico) Pronk, president of HealthPartners Institute, chief sci-
ence officer at HealthPartners, Inc., and chair of the Roundtable on Obesity 
Solutions, welcomed participants and provided a brief overview of the 
roundtable. He explained that the roundtable engages leaders and voices 
from diverse sectors and industries (e.g., academia, government, health and 
health care, business, finance, media, education, child care, philanthropy, 
nonprofit) to help solve the nation’s obesity crisis. Through meetings, public 
workshops, reports, and four inno vation collaboratives, he continued, the 
roundtable provides a venue for ongoing dialogue on critical and emerging 
issues in obesity prevention, as well as treatment and weight maintenance. 

2 The workshop agenda, presentations, and other materials are available at https://www. 
nationalacademies.org/event/09-16-2020/using-systems-applications-to-inform-obesity- solutions-
a-workshop (accessed December 28, 2020). 

BOX 1-1 
Workshop Statement of Task

A planning committee of the National Academies of Sciences,  Engineering, 
and Medicine will organize a 1-day public workshop that will feature invited 
 presentations and discussions to build on a previous workshop on complex 
systems science by exploring (1) various modeling approaches that could guide 
future obesity research and action, and (2) the structures needed to support the 
use of these approaches for researchers and policy and programmatic decision 
makers across society.

Workshop presentations will provide examples of systems applications (e.g., 
participatory modeling, group model building, system dynamics, social network 
analysis, network science, cost effectiveness, and agent-based modeling) related 
to ongoing obesity research studies. The workshop will feature examples of how 
various types of modeling can inform decision making within policy and program 
areas (e.g., by highlighting the application and evaluation of these models in 
research and practice).  

Presentations will also include discussions about the support structures 
(e.g., data sources, systems/modeling expertise and resources, training, partner-
ships and collaborations, effective communications) to encourage and engage 
researchers and decision makers in using systems modeling techniques to more 
effectively and efficiently understand the causes of and solutions to the obesity 
epidemic. 
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INTRODUCTION 3

It applies a policy, systems, and environmental change lens; focuses on sus-
tainable, equitable strategies for addressing obesity-related disparities; and 
explores and advances effective solutions.

Pronk described the workshop as part of a strategic planning process 
designed to develop a roadmap for the roundtable to inform action-oriented 
solutions. This process has included a group model-building exercise with 
roundtable members, he elaborated, and featured the prior workshop men-
tioned above, which emphasized the importance of applying multisector 
systems perspectives when implementing obesity solutions. Pronk clarified 
that the goal of the workshop documented in this proceedings was to en-
courage and engage diverse stakeholders to use systems science approaches 
by highlighting the real-world application of these approaches to inform 
decisions related to obesity solutions. 

ORGANIZATION OF THIS PROCEEDINGS

This proceedings follows the order of the workshop agenda (see Appen-
dix A), chronicling its sessions in individual chapters. Chapter 2 presents 
a practitioner’s perspective on the promises and pitfalls of systems sci-
ence approaches. Chapter 3 reviews the usefulness of these approaches for 
stakeholders in different sectors, including those in the business and private 
sector and communities, as well as policy makers. Chapter 4 summarizes 
reflections from the workshop organizers, as well as comments from a final 
speaker who recapped the workshop highlights and suggested next steps 
for improving the understanding and use of systems science approaches for 
obesity solutions. Appendix B is a list of acronyms and abbreviations used 
in this proceedings and Appendix C provides the biographical sketches of 
the workshop speakers and the moderators.
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5

Highlights from the Presentation of Jack Homer

• Useful systems science models can correctly identify interven-
tion impacts even if their baseline predictions are imprecise, 
which means that they can be good decision-making tools even 
if they are not forecasting tools. 

• Qualitative mapping and group model building are systems 
science approaches that have value in enriching the modeling 
process, but are unreliable as stand-alone tools for predicting 
intervention outcomes.

• Systems science models that have adequate breadth (i.e.,  number 
of interacting concepts) and detail are more useful for decision 
makers relative to models that are either overly narrow or broad 
and/or include too little or too much detail. 

• Systems models focused on the dynamics of equity and  social 
justice can be developed but will require sufficient data to 
make these concepts operational and relate them to other 
 social determinants of health. 

• An ideal systems science modeling project follows best prac-
tices for building, testing, and documenting models and their 
outputs; anchors models to well-established datasets and the 
best studies; enlists analysts to extract data as well as statisti-
cians who can help interpret the data; includes stakeholders, 
decision makers, and subject-matter experts as advisers on 

2

The Promises and Pitfalls of  
Systems Science Approaches:  
A Practitioner’s Perspective
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6 USING SYSTEMS APPLICATIONS TO INFORM OBESITY SOLUTIONS

modeling teams; keeps other thought leaders in the loop; and 
involves junior modelers as apprentices.

The workshop’s opening session featured a speaker who discussed the 
applica tion of systems science approaches to complex public health issues 
such as obesity and reviewed opportunities and challenges associated with 
stake holders’ use of systems science models. Jack Homer, a 40-year veteran 
of system dynamics modeling and director of Homer Consulting, covered 
several topics in his presentation: (1) requirements for a useful and reli-
able systems model, (2) the roles of qualitative mapping and group model 
building in systems science efforts, (3) levels of evidence and the “possibility 
frontier” for reliable models, (4) system dynamics  models that either focus 
on or include obesity, (5) concepts of equity and social justice in systems 
science models, and (6) characteristics of effective modeling projects.

Homer explained that public health stakeholders want to make deci-
sions that will stand the test of time and avoid shortsightedness, but he 
acknowledged the challenge for models given the uncertainties in social sys-
tems that hamper precise forecasting. He referenced statistician George Box’s 
famous quote that “All models are wrong, but some are useful” to highlight 
a key characteristic of useful  models—that they can correctly anticipate 
intervention impacts even if their baseline predictions are imprecise; that is, 
models can be good decision-making tools even if they are not forecasting 
tools (Homer and Hirsch , 2006; Sterman, 2002). He added that sensitivity 
analyses to assess the level of confidence in a model’s results often reveal that 
its policy conclusions are robust despite uncertainty in point predictions. 

Homer compared three simulation approaches to systems science 
 modeling—system dynamics simulation, discrete event simulation, and micro-
simulation (individual actors without interaction)/agent-based (indi vidual 
actors with interaction) models (Borshchev and Filippov, 2004; Luke and 
Stamatakis, 2012). He underscored that despite different  methods and empha-
ses (see Figure 2-1), all three approaches agree that models must be testable, 
focused, and scientifically developed (Homer, 1996; Levy et al., 2011). 

Homer went on to contrast systems science models, which he  described 
as quantitative simulation approaches, with systems maps, which he 
 described as qualitative pictures that can be useful even though they have 
limitations. As an example, he showed the UK Foresight Tackling Obesities: 
Future Choices Project Report (2007) systems map illustrating factors that 
contribute to obesity, pointing out that the map is expansive and causal 
but unfocused and untestable (United Kingdom Government Office for 
Science, 2007). According to Homer, a map is an unreliable tool for draw-
ing behavioral inferences; however, formal testing can bridge the gap from 
structure to behavior. 
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THE PROMISES AND PITFALLS OF SYSTEMS SCIENCE APPROACHES 7

FIGURE 2-1 Comparison of characteristics of three simulations approaches to systems sci-
ence modeling.
SOURCE: Presented by Jack Homer, September 16, 2020. 

Homer shared three quotes that he described as being representative 
of the debate about the roles of qualitative mapping and group model 
building in systems science efforts (Siokou et al., 2014) (see Box 2-1). 
These quotes, he suggested, convey that both approaches have value in 
enriching the modeling process but are unreliable for predicting interven-
tion outcomes. 

Homer then turned to quantified simulation models and practical con-
siderations for their reliability. He described a conceptual diagram illustrat-
ing the “possibility frontier” of reliable modeling, which he characterized 
as a depiction of modeling choices and their feasibility and value (see 
Figure 2-2). The number of interacting concepts in a model (i.e., breadth) 
increases as one moves up the y-axis, he explained, and the number of 
subcategories per concept (i.e., level of detail) increases as one moves along 
the x-axis. The dotted line in the figure represents the possibility frontier, he 
continued, beyond which lies a “black box” area of models that are overly 
broad and overly detailed. He stated that these models are limited by a lack 
of sufficient data to support all of their assumptions and are too difficult to 
validate, modify, and understand.

Homer next described types of reliable models within the possibility 
frontier, from models of general theory (rich in concepts but with little 
operational detail) to models that explore patterns of disparity (with few 
interacting variables but highly disaggregated by subpopulations and sub-
groups). He maintained that the “policy sweet spot” is marked by models 
with adequate breadth and detail to be useful for decision makers. 

System Dynamics (SD) 
Simulation

Discrete Event 
Simulation

Micro-simulation or 
Agent-based models

• Compartmental (lumped)

• Stock-flow cascades,
feedback loops

• Continuous time
(longer time horizon)

• Deterministic, but
sensitivity testing gives an
envelope of possibilities

• 1 run: seconds at most.

• Stochastic, operationally
detailed

• Discrete time
(shorter time horizon)

• 1 run can be fast, but
many runs required for
summary findings.

• Micro-sim: individual actors
without interaction (large N)

 Diverse patterns of attributes by
individual

• Agent-based: individual
actors with interaction
 Diverse patterns of interaction

(networks)

 Emergence of group or spatial
clusters

• 1 run: often 1 hour or more.
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BOX 2-1 
Quotes About the Roles of Qualitative Maps and Group Models

“Qualitative mapping introduces circular causality and provides a medium by 
which people can externalize mental models and assumptions and enrich these 
by sharing them” (Wolstenholme, 1999).

“We agree that system description through mapping can be a useful activity. It 
improves the process of thinking about the structure underlying a problem. How-
ever, maps are notoriously unreliable tools for behavioral inference. Only through 
formal testing can one solidly bridge the gap from structure to behavior” (Homer 
and Oliva, 2001).

“Participatory or group modeling was created to enrich and strengthen the model-
ing process, not water it down or simplify it. It wasn’t supposed to be a way to 
shortcut the hard work of modeling, nor to open the door to using maps instead of 
testable, quantitative models” (G. Richardson, quoted in Homer, 2019b).

SOURCE: Presented by Jack Homer, September 16, 2020.

Homer then described a conceptual diagram for thinking about how 
a model’s level of evidence (i.e., reliability, graded as A, B, or C) is related 
to its scope and the time required for its development. The broader the 
model’s scope, he explained, the longer it takes to achieve a high (A) level 
of evidence. A narrow model might take only days or weeks to achieve a 
high level of evidence, he elaborated, whereas a broader model could take 
months or years to achieve that same level. 

According to Homer, artificial intelligence and machine learning could 
accelerate the process of achieving a high level of evidence so that broad 
models could be developed more quickly, but these techniques cannot fully 
bridge the gap. Machine learning enables mining of large databases for 
statistical regularities, he explained, but correctly inferring causation from 
these statistical regularities is unlikely. He added that artificial intelligence 
cannot fully overcome the challenges of incomplete data and incompatible 
datasets. Therefore, he asserted, science will continue to be a back-and-
forth process between hypotheses, data, and the desire for parsimony, and 
he highlighted the role of human judgment in this process.

Homer moved on to describe a system dynamics model that he devel-
oped with the Centers for Disease Control and Prevention’s (CDC’s) Divi-
sion of Nutrition, Physical Activity, and Obesity in 2005. He explained that 
this model of the U.S. population stratified by sex and single-age cohorts 
shows how caloric imbalances translate to upward and downward flows in 
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FIGURE 2-2 The “possibility frontier” of reliable modeling. 
SOURCE: Presented by Jack Homer, September 16, 2020. 

body mass index (BMI) categories and explains trajectories in obesity and 
severe obesity over time by sex and age group. The model, he elaborated, 
was informed by 30 years of longitudinal data from the U.S.  Census and 
the National Health and Nutrition Examination Survey (NHANES) and by 
data on 1-year weight changes among adults and children, which he said 
provided key information about the BMI upflow and downflow rates 
(Homer et al., 2006).

Homer next cited results from the 2005 system dynamics model men-
tioned above, which he characterized as a fairly confident step forward 
given the level of data available at the time. First, the model indicated that 
the caloric imbalance responsible for the increased prevalence of obesity 
from 1970 to the 2000s was only about 1 or 2 percent, or less than 50 calo-
ries per day, within any given age, sex, and BMI category. Second, Homer 
reported that the impacts of changing environments on adult  obesity take 
decades to manifest fully through the “carryover effect” built into the  aging 
structure. Thus, he explained, preventive interventions may take longer 
than expected to produce results. Third, the model suggested that youth 
interventions are likely to have a relatively small impact on future adult 

Detail: # of sub-categories per concept

Breadth:
# of interacting 

concepts

Not much detail Very disaggregated

Very narrow

Very broad

Saying little 
about little

Unreliable
“black box”

Patterns of 
disparity

General 
theory Too hard to validate, 

modify, and understand

Policy 
sweet spot
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obesity. Finally, Homer reported, the model indicated that ideal policy re-
sponses would combine preventive interventions with effective weight loss 
options for people with obesity (Homer et al., 2006). Homer remarked 
that other modelers who took a similar calorie-based, “BMI transitions” 
approach reached similar conclusions about caloric imbalances (Fallah-Fini 
et al., 2014; Wang et al., 2007). He encouraged researchers to use whatever 
modeling technique they find useful as long as it produces reliable answers 
that can help decision makers.

Homer then referenced several other system dynamics models that 
have focused either on obesity (such as models of individual weight man-
agement) or on topics in which obesity plays a role (such as models of 
food market transformation, diabetes onset and progression, cardiovascular 
 disease devel opment, and the relationship of social determinants of health 
to county-level morbidity and mortality) (Hamid, 2009; Hirsch et al., 
2014; Jones et al., 2006; Milstein and Homer, 2020; Struben et al., 2014). 
He noted that some systems models stratify populations by race, class, 
or  gender to describe the associated differences and project the impact of 
targeting an intervention to one subpopulation or another. However, he 
observed, he is aware of no published systems model focused directly on the 
dynamics of equity and social justice. He suggested that if one could model 
the social forces that reinforce inequity and undermine justice, then those 
results could help identify opportunities to reverse these forces.

Homer described a preliminary model along these lines (see Figure 2-3). 
This high-level model, he explained, depicts community actions and condi-
tions involved in the response to a shock such as the Great Recession or the 
coronavirus pandemic, and can indicate a community’s resilience or ability 
to rebound. The model is based loosely on CDC’s Healthy People 2030 
Well-Being Framework, he added, and includes concepts such as vital con-
ditions, urgent services capacity, civic muscle (i.e., capacity for action and 
investment), and equity. In this preliminary model, he elaborated, postshock 
decisions about how to allocate civic muscle have long-term effects. For 
example, Homer continued, previous levels of equity may never be regained 
if this is not made a high priority. He qualified his description of this model 
by characterizing it as suggestive and not yet ready for “prime time,” as 
it lacks operational detail and includes only rough estimates of some key 
 parameters. He called for local case studies and longitudinal data to ad-
vance the model from a thought-provoking “toy” to a more serious tool.

In closing, Homer drew on his previous modeling experiences to sug-
gest a blueprint for what he described as an ideal systems science modeling 
project—to which substantial funding and more than 1 year of time are 
allocated. First, he urged adherence to best practices for model building, 
testing, and documentation (Homer, 2019a; Rahmandad and Sterman, 
2012). Best practices exist for conducting systems modeling, he elaborated, 
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as well as for reporting outputs and documenting models so that others 
can replicate and verify them. Second, he suggested anchoring models 
to well-established datasets (such as NHANES or the Behavioral Risk 
 Factor Surveillance System) and the best studies, explaining that a core of 
well-accepted longitudinal data helps a modeling effort establish respect 
and credibility. Third, he encouraged enlisting analysts to extract data, 
as well as statisticians who can help interpret the data. Fourth, he called 
for including stakeholders, decision makers, and subject-matter experts as 
advisers on modeling teams to help ensure that the models produced will 
reflect their concerns and knowledge. Fifth, he encouraged engaging other 
thought leaders around the country and the world who can serve as allies 
and intermediaries as modelers work with decision makers. Finally, Homer 
appealed for involving junior modelers as apprentices and helping them 
gain experience with all of the intricacies of large projects aimed at provid-
ing input for public policy.
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Highlights from the Presentations of Individual Speakers

• Project Play’s pursuit of its mission to help stakeholders build 
healthy communities through sport has been enhanced by the 
use of systems science models. The suite of systems science 
models called the Virtual Population Obesity Prevention Labs 
indicated that getting at least half of the youth population 
more active could avert billions of dollars in health care costs 
and lost productivity and save millions of years of life. Another 
simple calculator has been used to calculate how individual 
parks contribute to property values, health care savings, in-
formed decisions on environmental and public spending, and 
job creation in the community. These modeling outputs have 
supported billions of dollars in public investment in sport 
and recreation assets and helped unlock or shape more than 
$55 million in foundation and corporate grants to support 
healthy communities through sport. (Tom Farrey, Bruce Y. Lee, 
Dev Pathik)

• Applications of systems science approaches to improve food 
envi ronments in Baltimore, Maryland, have helped stake holders 
better address and understand a community’s complexities, 
 virtually test different policies and interventions, facilitate com-
munications and engagement within a community, and bring 
together diverse groups of people. Specifically, agent-based 

3

Exploring the Usefulness of 
Systems Science Approaches for 
Stakeholders in Different Sectors
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models were used to simulate the effects of an urban agriculture 
tax credit and of warning labels on sugar-sweetened beverages, 
and a system dynamics model was used to test four different 
potential scenarios for an ordinance on staple foods. (Sarah 
Buzogany, Joel Gittelsohn, Bruce Y. Lee)

• The SALURBAL (Salud Urbana en América Latina [Urban 
Health in Latin America]) project conducted three regional 
workshops to engage policy makers in participatory group 
model building aimed at exploring healthy eating and urban 
mobility and transport in Latin American cities. These work-
shops led to a local application that used participatory group 
model building to evaluate the effect of a transportation inter-
vention on health. The workshops also led to the develop-
ment of two policy-oriented, agent-based models: one for use 
in exploring the effects of specific policy strategies on ultra-
processed food purchases, and the other for investigating the 
effects of urban transport and mobility strategies on mode 
share, physical activity, and air pollution. (Ana Diez Roux, 
Brent  Langellier, Felipe Montes Jimenez)

The workshop’s main session comprised three panels of speakers who 
discussed the usefulness of systems science approaches for stakeholders in 
different sectors involved in the development of solutions to address obesity. 
Jamy Ard, professor in the Department of Epidemiology and Prevention 
and the Department of Medicine at the Wake Forest University Baptist 
Medical Center, moderated the first panel, during which speakers discussed 
engaging the business and private sector in systems science approaches. 
Sara Czaja, professor of gerontology in medicine at Weill Cornell Medicine, 
moderated the second panel, focused on communities. Stella Yi, assistant 
professor in the Department of Population Health at the New York Uni-
versity Grossman School of Medicine, moderated the third panel, which 
highlighted policy makers.

THE BUSINESS AND PRIVATE SECTOR: PROJECT PLAY

In the first panel, three speakers discussed a business case study of 
 Project Play, an effort designed to address the U.S. obesity epidemic by 
building healthy communities through sport.

Tom Farrey, executive director of The Aspen Institute’s Sports &  Society 
Program, reported that Project Play began with a conversation about how 
the space of sport activity (a component of the realm of physical activity) 
could be organized to help more youth be active on a regular basis so as to 
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make a meaningful contribution to addressing obesity in the United States. 
Project Play’s mission is to help stakeholders build healthy communities 
through sport, Farrey clarified, noting that this mission is sometimes mis-
construed as an effort to simply grow sport participation. Although grow-
ing participation in sports is something that Project Play’s leaders desire, 
he  explained, its agenda is not always fully aligned with the youth sport 
space. As an example, he pointed to the resumption of youth travel for 
sport tournaments relatively early in the COVID-19 pandemic, noting that 
Project Play’s perspective at that point was to postpone this kind of activity.

Project Play’s endeavor to organize the U.S. sport system to produce 
more optimal health outcomes began with a focus on children aged 12 and 
younger, Farrey recounted, with the aim of ensuring that every child has 
the opportunity to engage in structured or unstructured sport regardless of 
zip code or ability. During the remainder of his presentation, he described 
three steps that the initiative has taken in pursuit of that aim.

The first step, Farrey said, was to compile and organize existing re-
search on the individual- and community-level benefits of physical activity 
and participation in sports. He shared graphics showing examples of life-
long health benefits for physically active youth (see Figure 3-1) and benefits 
for residents of active communities (see Figure 3-2). These graphics, he 
explained, are used in appeals to stakeholders to make physical activity and 
participation in sports a public priority.

According to Farrey, this research informed the development of a 
playbook called Sport for All, Play for Life, the nation’s first cross-sec-
tor “framework for action” for youth (aged 12 and younger) sport (The 
 Aspen Institute, 2015). The playbook, he elaborated, was an outgrowth 
of 2 years of information gathering and roundtable discussions with hun-
dreds of stakeholders and thought leaders, during which the best ideas 
were elicited and distilled into an attractive, easy-to-read document. The 
values of health and inclusion are integrated throughout the playbook, he 
observed, to highlight the goal of every child having an opportunity to be 
active through sport. He added that the playbook highlights eight sectors 
that touch  children’s lives—national sport organizations, business/industry, 
technology/media, public health, community recreation, education, policy 
makers and civic leaders, and parents—and presents eight strategies (and 
40 activation ideas) to apply in those sectors to encourage more children 
to be active through sport. 

Farrey then reviewed the eight strategies, beginning with putting chil-
dren at the center of designing sport experiences (see Box 3-1). Youth sports 
are usually designed by adults, he pointed out, but children’s voices can be 
incorporated by asking them what kinds of experiences they want. He noted 
that Project Play is developing electronic surveys to collect feedback from 
youth (a tactic used by video game companies) to inform the development of 
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BOX 3-1  
Eight Strategies of Sport for All, Play for Life:  

A Cross-Sector Framework for Action for Youth  
(aged 12 and younger)

1. Ask kids what they want
2. Reintroduce free play
3. Encourage sport sampling
4. Revitalize in-town leagues
5. Think small
6. Design for development
7. Train all coaches
8. Emphasize prevention

SOURCES: Presented by Tom Farrey, September 16, 2020; The Aspen Institute, 
2015.

youth sport programs. The second strategy, Farrey continued, is to reintro-
duce free play. The third is to encourage sport sampling, which he described 
as promoting multisport play and introducing youth in underserved com-
munities to a wide variety of sports, as well as pushing back on the trend 
of asking children to specialize in a single sport at an early age. The fourth 
strategy is to revitalize in-town, local sport leagues. According to Farrey, 
these sport structures are more accessible than travel teams, which he said 
tend to limit participation to high-income, two-parent families, yet they still 
deliver many of the benefits of sport. The fifth strategy is to think small, 
which Farrey illustrated with the example of brokering shared-use agree-
ments to use community spaces creatively. The sixth strategy is to design 
for development, which means anchoring a sport system in the principles 
of developmentally appropriate play. This strategy, Farrey explained, ties 
into the seventh strategy, which is to train all coaches. He observed that 
U.S. youth sports have traditionally been administered by well-meaning but 
untrained volunteers who would benefit from learning how to make sport a 
positive experience for youth, such as by recognizing the differences in their 
physical, mental, and emotional capacities at different ages. The final strat-
egy, Farrey said, is to emphasize prevention. He explained that this strategy 
emerged to address parents’ concern about their children sustaining physical 
and emotional injuries from participating in sport. Recognizing that barrier 
to participation led Project Play to realize that it should give parents the 
confidence that sport can be a health-building experience.

Farrey next shared an aspirational model for sustained participation 
in sport, where the priority for children up to at least age 12 is physical 
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literacy, emphasizing fundamental movement skills and a focus on the abil-
ity, confidence, and desire to be active. This foundation sets the stage for 
future sport participation, he said, regardless of whether that participation 
is at a recreational, competitive, or elite level. 

Farrey went on to describe Project Play’s second step in pursuing its mis-
sion, which was mobilizing organizations. This effort began with the conven-
ing of a summit, at which then U.S. Surgeon General Vivek Murthy issued a 
call to action on the value of youth sport for promoting physical activity and 
public health. Since then, Farrey recalled, Project Play has conducted “state 
of play” audits that help communities assess where they are and how they 
could design investments and policies that would mobilize stakeholders to 
 activate and improve the quality of play in their communities. Project Play 
also convenes stakeholders to share knowledge, Farrey continued, highlight-
ing an annual summit that invites leaders from the eight sectors to share new 
tools, projects, and resources. In addition, the summit showcases the release 
of an annual State of Play report, which features trend data on sport partici-
pation in youth aged 6–12 and 13–17, stratified by sport, income, and gender. 

Farrey next described the Project Play Summit 2020, which con-
vened some of the largest and most influential organizations in the Project 
Play network to discuss how they could collectively invest in increasing 
youth activity levels. Although many of the organizations are competi-
tors, Farrey remarked, they banded together to develop initiatives such as 
 howtocoachkids.org, the nation’s first free resource aggregating coaching 
materials for any organization to use with its coaches. Another initiative 
was the Healthy Sport Index,1 he continued, which helps parents and 
stakeholders assess the relative risks and benefits of participating in the 10 
most popular sports for high school students. He explained that an expert 
committee developed the index by aggregating data on each sport’s level of 
physical activity, safety (based on injury rates), and psychosocial develop-
ment, and then evaluated and weighted the data to create an interactive 
dial that stakeholders can use to assign the relative importance they place 
on each of the three factors and receive suggestions for which sports might 
be most suitable for individual adolescents. 

Farrey then described the final step—mobilizing parents. He highlighted 
a media campaign introduced in August 2019 called “Don’t Retire, Kid,” 
launched with the help of Kobe Bryant and ESPN, which directed parents 
to advice and resources related to maintaining youth participation in sports. 
Research suggests that most children play sports for an average of 2.9 years, 
he noted, and typically stop by age 11 (The Aspen Institute, 2019). 

Bruce Y. Lee, professor of health policy and management at the City 
University of New York Graduate School of Public Health and Health 

1 See https://healthysportindex.com (accessed November 4, 2020). 
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Policy and executive director of Public Health Informatics, Computational, 
and Operations Research (PHICOR), began his portion of the presentation 
by reiterating that the initial premise of Project Play is straightforward in 
that it aims to tackle the epidemic of youth physical inactivity and also 
increase youth participation in sports by working with communities. How-
ever, because the scope of the physical inactivity problem is complex, he 
asserted, it warrants a highly energetic, organized, and coordinated opera-
tion like Project Play. According to Lee, it is important for decision makers 
to understand the magnitude and scope of a problem so that they can rank 
it relative to other priorities. He pointed out that decision makers benefit 
from information that quantifies the impact of a problem, as well as the 
potential value of different types of interventions, but that providing this 
information is a challenge when the problem is complex.

Lee described a suite of systems science models called the Virtual 
Population Obesity Prevention (VPOP) Labs (developed by PHICOR), 
highlighting their utility for helping decision makers grapple with the com-
plexity of problems related to diet or physical activity and their potential 
solutions. In these agent-based models, which he likened to a SimCityTM 
for obesity prevention, each person is represented by a computational agent 
whose actions may be influenced by others but are ultimately determined 
by individual freedom of choice (a concept known as autonomous decision 
making). Agents also exhibit basic complex adaptive behavior and learning, 
he added, which means they can learn from the past or do things differently 
depending on previous events. 

VPOP uses a synthetic population that was built using U.S. Census data, 
Lee continued, and each agent has characteristics that include age, gender, 
race/ethnicity, socioeconomic status, home assignment, school assign ment, 
height, and weight. The initial model was built for Baltimore, he noted, and 
the same structure then informed model building for additional cities, as well 
as the entire United States. He explained that modelers can assign the agents 
a daily schedule of activities, behaviors, and decisions that mimic a real 
person’s patterns, and each agent is also assigned a personalized metabolic 
model. The metabolic model attempts to represent what happens within the 
human body when calories are ingested, he elaborated, which can result in 
a daily weight increase or decrease (depending on caloric expenditure), as 
well as a change in body mass index (BMI) over time. 

Lee reported that his team attached the metabolic model and agent 
characteristics to an embedded clinical and economic outcomes model rep-
resenting key health conditions potentially associated with changes in BMI 
(Fallah-Fini et al., 2017). In this model of clinical and economic outcomes 
for different BMIs over a lifetime, each agent had probabilities of develop-
ing diabetes, cardiovascular disease, or cancer over time, he elaborated, 
and accrued varying levels of medical costs and productivity losses based 

http://www.nap.edu/25900


Using Systems Applications to Inform Obesity Solutions: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

USEFULNESS OF SYSTEMS SCIENCE APPROACHES FOR STAKEHOLDERS 21

on the health condition(s) that developed and the health care resources 
that the agent consumed. He added that this work led to a general model 
representing all youth in the United States, which simulated the economic 
and health impact of increasing physical activity in that segment of the U.S. 
population (Lee et al., 2017). 

Lee reported that at present, fewer than one-third of U.S. youth main-
tain the Sports & Fitness Industry Association’s recommended “active to a 
healthy level” (i.e., 25 minutes of physical activity three times per week). 
Results from Lee’s model suggested that increasing this number to at least 
50 percent of the current youth population would avert billions of dollars 
in medical care costs and lost productivity. This savings could then eventu-
ally occur for every group of children that reached the 8–11 age range (see 
Figure 3-3). The model was also used to explore the effect of varying the 
type of physical activity, Lee added, and showed that the more vigorous the 
physical activity, the greater was the amount of savings. To illustrate this 
point, he stated that if 75 percent of U.S. children aged 8–11 were to reach 
the goal of “active to a healthy level,” $16.6 billion in direct medical costs 
and $23.6 billion in lost productivity could be averted. If all U.S. children 
in this age group achieved that goal, overweight and obesity in youth would 
decrease by 15 percent, and $26.3 billion in direct medical costs and $36 
billion in lost productivity would be averted.

The model’s results are shared with stakeholders, Lee said, to make 
the point that getting more youth active can avert billions of dollars in 
medical costs and lost productivity and save millions of years of life. He as-
serted that even achieving the Centers for Disease Control and Prevention’s 
(CDC’s) recommended physical activity levels among 100 percent of youth 
is “not unachievable” because the activity level threshold is not high, and 
achieving this goal could result in averting $51.5 billion in direct medical 
costs, $69 billion in productivity losses, and saving 37.5 million years of 
life (Lee et al., 2017). These savings, he noted, including fewer youth with 
overweight and obesity, were calculated for specific geographic regions 
of Project Play so that the potential benefits could be tailored to those 
regions with significant disparities in access to coaches, facilities, mentors, 
and financial resources. He highlighted particular reports from southeast 
Michigan, western New York, and the greater Rochester and Finger Lakes 
region (Ralph C. Wilson, Jr. Foundation, 2020).

The panel’s third speaker, Dev Pathik, chief executive officer and 
founder of the Sports Facilities Companies, described his company’s mis-
sion to improve the health and the economic vitality of communities. 
The company pursues this mission, he elaborated, by serving as a trusted 
resource for communities that want to plan, fund, develop, or manage 
youth and amateur community-based sport and recreation facilities. He 
explained that the Sports Facilities Companies advises municipalities and 
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FIGURE 3-3 U.S. costs averted annually by increasing levels of children’s participation in 
physical activity. 
NOTES: CDC = Centers for Disease Control and Prevention. For people aged 6 years and 
above, being physically “active to a healthy level,” as defined by the Sports & Fitness Indus-
try Association, is defined as 25 minutes of high-calorie-burning physical activity three times 
per week. For those aged 6–17, CDC recommends at least 60 minutes of moderate physical 
activity each day.
SOURCES: Presented by Bruce Y. Lee, September 16, 2020; Lee et al., 2017. Figure used with 
permission from Project Hope. 

large institutions on infrastructure planning and resource allocation so 
that they can activate their objectives around sport and recreation using a 
 market research–driven process. According to Pathik, as the organization 
has recognized the significance of the impact of sport with regard to positive 
health and social outcomes across the lifespan, greater emphasis has been 
placed on considering lower-income populations and providing universal 
access to sport and recreation. Pathik added that the work of his organiza-
tion is a good example of how practitioners can react to a systems science 
approach. He noted that the organization has revised its approaches as a 
result of its engagement in the work of Project Play and the systems science 
modeling described earlier in the presentation by Lee.
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Pathik next reviewed five access factors for healthy communities, em-
phasizing that infrastructure plays a role in these factors, which are in-
tended to improve health and social outcomes for youth. The first factor is 
safe and free spaces to play, such as a safe neighborhood where youth can 
move about and engage in recreational activities. A second factor is activity-
focused urban design, which Pathik explained using example measures such 
as the interconnectivity of recreation and sport assets and walkability. A 
third factor he cited is the utilization and programming of school assets and 
sport and recreation facilities. A fourth is investing in multigenerational 
programs and events. Finally, the fifth factor is multimodal transportation. 
According to Pathik, these five access factors help communities think more 
broadly about how they participate in, contribute to, and fund or use part-
nerships to promote wellness among their residents.

Pathik noted that the last recession brought significant defunding of 
parks and recreation, which prompted the private sector to capitalize on 
opportunities in that marketplace. But without the programming previously 
offered by parks and recreation departments, he explained, facilities that 
may still be well maintained are now more expensive for people to use. He 
argued that the loss of public commitment to funding sport and recreation 
at the programmatic level results in a system oriented toward capitalism, 
which provides a place to play but lacks the programmatic structure to help 
youth develop competence and confidence to engage in physical activity for 
a lifetime. 

To build political will for investment in and activation of sport and 
recreation infrastructure that can reach those most in need, Pathik advo-
cated for a multistakeholder approach. A major medical partner is indis-
pensable to such an approach, he maintained, noting that medical partners 
are interested in sport and recreation facilities not simply because of sports 
medicine but because these facilities provide venues for wellness and pre-
vention programming and opportunities to engage with individuals and 
tailor their products and services. Pathik mentioned parks and recreation 
directors as another important group of stakeholders. They typically have 
little influence in the budgeting cycle, he explained, but they are well versed 
in the programs they offer and can provide metrics to indicate how those 
programs are being used by youth. 

Pathik reported that to equip and empower parks, recreation directors, 
and advocates to express the value of sport and recreation, the Sports Facili-
ties Companies and the Florida Recreation & Park Association produced 
calculators that generate reports on how individual parks contribute to 
property values, health care savings, informed decisions on environmental 
and public spending, and job creation in the community. The calculators 
are available for every park in Florida, he noted, and will soon be available 
for parks in California and Kansas. According to Pathik, this is the kind of 
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ground-level data that systems science modeling has inspired the organiza-
tion to try to activate, and it has resulted in billions of dollars of public 
investment in sport and recreation assets. 

Farrey concluded the panel’s presentation with a summary of  Project 
Play’s impact since the 2015 launch of its Sport for All, Play for Life play-
book. Based on a 2018 survey of Project Play Summit attendees, more 
than 100 organizations have taken actions guided by the playbook, he 
reported. ESPN created an “access to sport” prong in its Corporate Citizen-
ship program and has informed Disney’s strategies, Farrey continued, and 
cities and counties have begun to design grants and policies based on the 
playbook’s eight strategies (see Box 3-1). Project Play has helped unlock 
or shape more than $55 million in foundation and corporate grants, he 
noted, as community stakeholders have recognized opportunities for invest-
ment in youth access to sports and revised their programs accordingly. He 
highlighted this investment as an outcome of a systems science approach 
to generating relevant data to share with business leaders and community 
stakeholders. Farrey also highlighted Project Play’s role in helping shape the 
U.S. Department of Health and Human Services’ first-ever National Youth 
Sports Strategy,2 a resource for policy makers and decision makers in youth 
sports. Lastly, he emphasized recent data indicating that, relative to 1 year 
ago, more children—in every income category—are playing sports, fewer 
are physically inactive, and more coaches are being trained (The Aspen 
Institute, 2020a). He stressed that these accomplishments are the result of 
the broad network of organizations that have participated in Project Play 
activities and introduced an array of aligned programs. 

PANEL AND AUDIENCE DISCUSSION

Following their presentations, Farrey, Lee, and Pathik addressed a 
participant’s question about using systems science modeling to help avoid 
exacerbating disparities in access to sports and shared examples of increas-
ing access to sports in underresourced communities.

Addressing Disparities in Access to Sports

Pathik mentioned that the number of children who receive free or 
reduced-price lunches is a metric used by the Sports Facilities Companies 
as a proxy to determine how many children need help accessing opportuni-
ties for sport in a given community. The organization begins by assessing 
whether the community’s budget is adequate to sponsor access to sport and 

2 See the National Youth Sports Strategy at https://health.gov/our-work/physical-activity/
national-youth-sports-strategy (accessed November 6, 2020).

http://www.nap.edu/25900


Using Systems Applications to Inform Obesity Solutions: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

USEFULNESS OF SYSTEMS SCIENCE APPROACHES FOR STAKEHOLDERS 25

recreational activities for that number of children, he explained, noting that 
this is a starting point. Lee added that while trend and correlational data 
are useful, the right models can help account for the interaction between 
people’s individual characteristics and the contextual systems in which they 
live, which affect the ability to access physical activity. 

Farrey emphasized the importance of raising awareness of gaps in 
 access through data and outreach to media, noting that many people other-
wise tend to assume that most youth play sports. He highlighted that chil-
dren from families with annual household incomes of ≤$25,000 play sports 
at half the rate of children from families with annual household incomes of 
≥$100,000—a national metric that Project Play tracks annually (The Aspen 
Institute, 2019). That metric can be fine-tuned for a specific community, he 
added, based on the availability of local data. 

Project Play’s Work in Underresourced Communities

Farrey recounted the initiative’s work in Harlem, where it surveyed 
children in schools to ask what sports they wanted to play and learned 
that hockey was of high interest. He said that Project Play then shared 
these results with the National Hockey League’s (NHL’s) closest team, the 
New York Rangers, and venue, Madison Square Garden, and connected 
them with schools to get floor hockey into many schools in East Harlem. 
 Children in Detroit also expressed interest in hockey, Farrey recalled, but 
fewer than 1 percent were playing. He reported that the NHL and the 
Detroit Red Wings, together with other partners, developed a program 
to introduce floor hockey in schools, which will give tens of thousands of 
children the opportunity to try the sport.

Pathik shared an example from Rocky Mount, North Carolina, where 
the Sports Facilities Companies helped open an event center. The town 
 debated about whether to locate the facility in a blighted downtown area 
or in the suburbs, where it would be near hotels and other destinations, 
and ultimately used a federally qualified census tract downtown to allow 
the project to qualify for new market tax credits. A federally qualified 
medical partner was built in the same area, Pathik added, which opened 
access to mammography services for women living nearby. He noted that 
prior systems science modeling data assessing the conditions and needs in 
that census tract were instrumental in the event center’s placement in an 
area of high need. 

COMMUNITIES: BALTIMORE, MARYLAND

In the second panel, three speakers discussed the use of systems science 
modeling in communities—specifically in Baltimore, Maryland—offering 
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another example of coordination and partnership. The speakers, who 
took turns presenting as they covered different portions of the presenta-
tion, included Bruce Y. Lee, who had also spoken in the prior panel; Joel 
 Gittelsohn, professor in the Center for Human Nutrition at the Johns 
Hopkins Bloomberg School of Public Health; and Sarah Buzogany, food 
resilience planner for the Baltimore Food Policy Initiative in the Baltimore 
City Department of Planning. 

Lee began by sharing an outline for the presentation, which would  begin 
with an overview of the Baltimore food system, followed by discussion of a 
specific community project and then three examples of how systems science 
modeling had informed potential policies and interventions in the city and 
engaged community and other stakeholders. He reminded participants that 
obesity is a systems problem that results from the  interaction of multiple 
complex systems of factors, such as biological processes, behaviors, social 
networks, the environment, policies, economics, culture, and a variety 
of other factors. According to Lee, focusing on those various systems is 
important for addressing obesity but is something humans struggle to do 
because of the difficulty of discerning processes that are occurring beyond 
those with direct, immediate effects. 

Lee briefly described the Global Obesity Prevention Center, previously 
housed at Johns Hopkins University, and its goal of using different types 
of systems science approaches to address the obesity epidemic. He stated 
that the Center consisted of an administrative core, a systems science core, 
an education and training program, and various domestic and international 
projects. One of its main initiatives was a multiscale, multicomponent 
inter vention project (led by Gittelsohn) that ran for more than 5 years and 
addressed obesity in Baltimore City. According to Lee, the project’s goal 
was to apply different systems science approaches to understand all of the 
complexities involved in Baltimore City’s food system, as well as to use new 
systems science approaches such as systems mapping and systems science 
modeling. 

Buzogany then discussed Baltimore’s food system and food policy land-
scape and highlighted the benefits of the city’s partnership with Johns 
Hopkins University and the Global Obesity Prevention Center. For the 
past 10 years, she said, the Baltimore Food Policy Initiative has driven the 
city’s food policy agenda in partnership with and alongside residents, orga-
nizations, and partners such as Johns Hopkins. The relationships between 
these institutions and the city have been instrumental, she declared, because 
academic partners have used systems science modeling to help community 
stakeholders identify needs, understand the potential implementation of 
strategies and plans, and suggest viable policy solutions.

Buzogany stated that one of Baltimore’s frames is to use food as a cata-
lyst to address health, economic, and environmental disparities in healthy 
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food priority areas. A “healthy food priority area,” she explained, is a 
geographic area of the city where residents may face structural barriers 
to accessing healthy foods, adding that the phrase evolved from the term 
“food desert.”3 She noted that nearly one-quarter of the city’s population 
lives in such areas, which are characterized by low healthy food availability 
scores, income levels at or below 185 percent of the federal poverty level, 
low vehicle availability among residents, and located at least one-quarter 
of a mile from a supermarket. 

Next, Buzogany shared a map of healthy food priority areas in 
 Baltimore. The map includes locations for hundreds of small grocery, cor-
ner, and convenience stores across the city, which she said often lack healthy 
foods (based on Healthy Food Availability Index scores), as well as public 
markets, supermarkets, urban agriculture sites, and food assistance sites 
(e.g., food pantries and distribution sites for summer meals). According to 
Buzogany, systems maps have helped the Baltimore Food Policy Initiative 
provide briefs for elected officials and generate neighborhood maps to help 
residents understand their food landscape. But because the maps are static, 
cross-sectional tools, she said, the initiative partnered with Gittelsohn to 
use the maps to explore policy questions such as the effect of a staple foods 
ordinance on food quality. 

Buzogany highlighted the Baltimore Food Policy Initiative’s eight-point 
healthy food environment strategy: (1) resident-driven processes, (2)  corner 
and convenience stores, (3) supermarkets, (4) public markets, (5) food dis-
tribution and small businesses, (6) federal nutrition assistance, (7) urban 
agriculture, and (8) transportation gaps. By collaborating on systems science 
modeling efforts, she added, the initiative was able to understand how it 
could best implement strategies for improving the food environment within 
the focus areas of its healthy food environment strategy.

Gittelsohn discussed B’More Healthy Communities for Kids, a multi-
level program implemented by the Global Obesity Prevention Center to 
improve access to, demand for, and consumption of healthier foods and 
beverages in low-income neighborhoods of Baltimore. He focused on the 
program’s policy working group, which comprised the city’s food policy 
director; its food resilience planner; and stakeholders in multiple sectors, 
including the city council, the city health department, city schools, the 
family league, parks and recreation, wholesale companies, and academia. 
Gittelsohn reported that the group engaged in a series of planning exercises 
and activities to consider and develop solutions for improving the city’s 
food environment, with the goals of building the evidence base to support 

3 More information on “healthy food priority areas” can be found at https://planning.
baltimorecity.gov/baltimore-food-policy-initiative/food-environment (accessed November 16, 
2020).
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healthier food environment policies in Baltimore City and sustaining activi-
ties initiated by the program. Gittelsohn noted that policy working group 
members asked him and his team to develop a systems science simulation 
model that would provide evidence for a proposed urban agriculture tax 
credit.

Buzogany observed that the city’s urban agriculture efforts have in-
creasingly focused on achieving equity, particularly racial equity. She shared 
an excerpt from Baltimore’s 2019 sustainability plan to convey the city’s 
intention to focus urban agriculture efforts on historically excluded popu-
lations: “A city where communities that have been historically excluded 
from access to land and to fresh, healthy, culturally-appropriate foods 
are those that benefit most from urban agriculture” (Baltimore Office of 
 Sustainability, 2019, p. 51). The goals of the 2019 sustainability plan have 
a strong focus on land ownership, Buzogany emphasized, especially for 
Black farmers and other farmers of color. She observed that policies such 
as the urban agriculture tax credit were created to help put the city’s vacant 
land to productive use and to support ownership by urban farmers without 
burdening them with large property tax bills.

Gittelsohn elaborated on the urban agriculture tax credit, recounting 
that city Councilman Pete Welch approached the Global Obesity Preven-
tion Center about his proposed bill to provide a 90 percent tax reduction 
for owners of vacant lots who converted them to urban farms (i.e., the 
urban tax credit). The Center had an existing systems science agent-based 
model called the Baltimore Low Income Food Environment (BLIFE), which 
 Gittelsohn said was modified to provide evidence in support of the poten-
tial impact of the bill. The BLIFE agent-based model focused on only one 
area (constituting about 10 percent) of the city, he explained, and modeled 
children’s after-school food consumption and activity. He added that the 
model was parameterized with geographic information systems data from 
that geographic area, and also incorporated data on gender, age, height, 
weight, and home address for nearly 300 children residing in Baltimore, 
simulating their walking, physical activity, and food consumption habits. 
Results from the simulation modeling were provided to the city council as 
evidence of the potential impact of the urban farm tax credit, he said, and 
legislation was passed to establish the tax credit in Baltimore City.

Lee emphasized that although the BLIFE model was useful for testing 
different policies and interventions, expanding it to include all of Baltimore 
and incorporate more agent characteristics and aspects of the food environ-
ment enabled its use to develop larger-scale, agent-based models for any 
location in the city. He highlighted a second systems science model—an 
expanded model called VPOP, which Lee had discussed in the session’s first 
panel—that uses geocoded data to represent key locations, such as house-
holds, large workplaces, schools, physical activity locations (e.g., parks, 
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gyms, recreation centers), and food sources. The more than 1 million com-
putational agents that were placed in the model represent the city’s actual 
population, Lee emphasized, because the model’s synthetic population was 
built using census data, and each agent has an age, gender, race/ethnicity, 
socioeconomic status, and other characteristics that map to those data. Lee 
reiterated his earlier comments to explain that as the agents move through 
daily activities and consume and expend energy, modelers can track popula-
tion health outcomes, such as changes in BMI percentile, over time. 

Lee recounted that the Baltimore City Health Department periodically 
contacted the Global Obesity Prevention Center to share potential policy 
inter ventions, such as placing warning labels on sugar-sweetened bever-
ages in different combinations of grocery stores, corner stores, schools, 
and other settings where the beverages are available. The VPOP model 
forecasted the potential effect of the labels on purchasing and consumption 
of sugar-sweetened beverages. Lee reported that according to the model, 
a warning label would result in people choosing an alternative to sugary 
beverages 8 percent of the time, based on several studies that examined the 
efficacy of such labels (Lee et al., 2018). This finding was used as a baseline, 
he continued, to forecast the impact of having versus not having these labels 
at three different levels of efficacy—4 percent, 8 percent, and 12 percent—in 
three major cities (Lee et al., 2018). The model indicated that as the efficacy 
of warning labels increased, a greater decrease in the prevalence of obesity 
would occur, effects that were consistent in direction but not in size across 
the three cities. Lee explained that the heterogeneity of effects across cities 
resulted from differences in geographic layouts, types of food sources, and 
combinations of population BMI distributions and health conditions. He 
stressed that this heterogeneity shows the importance of using systems sci-
ence models that explicitly represent the population and food environments 
in the target city of a policy or intervention.

Lee added that the VPOP model was also used to conduct a sensitivity 
analysis in which modelers varied factors such as warning label efficacy, 
population literacy rate, and corner store compliance (Lee et al., 2018) (see 
Figure 3-4). This is another important use of a systems science model, he 
noted, because it can forecast the outcomes of changing various aspects of 
a policy or the circumstances in which it is implemented. Sensitivity analy-
ses help stakeholders identify potential drivers of a policy intervention, he 
explained, and he suggested that understanding such relationships may be 
even more important than predicting exactly what will happen. He cau-
tioned against viewing systems science modeling as a “crystal ball,” given 
that exact predictions may not be accurate but can provide a sense of what 
may be happening.

Next, Buzogany introduced a third example of applying systems science 
modeling to inform Baltimore community policy making: a systems science 
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dynamics model for exploring the effects of a staple foods ordinance. 
Resident-driven policy is a key tenet of the city’s healthy food environment 
strategy, she explained, and this tenet manifested in the creation of a group 
called Resident Food Equity Advisors. The advisers were tasked with co-
creating policy with the city planning department and government, and they 
convened for 2 years to research and develop recommendations for small 
retailers, such as corner and convenience stores. One of the recommenda-
tions, Buzogany continued, was to require corner stores to carry a minimum 
stock of health-promoting foods. The group partnered with Gittelsohn to 
develop a systems science dynamics model to simulate the effects of a staple 
foods ordinance, which she highlighted as an exemplar of government, 
community, and academia co-contributing to a shared vision.

Gittelsohn elaborated on the systems science dynamics model, which he 
said enabled the group to simulate the inclusion of different foods and bev-
erages in differing amounts in a potential Baltimore staple foods ordinance 
and then use the model to recommend modifications to the ordinance. He 
explained that a first step in the model’s development was to create a flow-
chart of the different processes involved, such as factors and constructs relat-
ing to supply (i.e., food retailers), consumers, and the ordinance itself. Each 
variable in the flowchart could be changed, Gittelsohn added, and modelers 
manipulated the variables to simulate four scenarios in which Baltimore 
corner stores could implement a staple foods ordinance. The scenarios varied 
with regard to levels of required minimum stock and enforcement. 

Gittelsohn reported that one of the model’s outputs was a projection of 
weekly profits that corner stores could expect to realize if they implemented 
a staple foods ordinance under each of the four simulated scenarios. Three 
of the scenarios, he noted, were projected to turn a small yet significant 
profit, but one, the Supplemental Nutrition Assistance Program depth-of-
stock requirements, was found to be burdensome to the point of being un-
sustainable in the simulation. Thus, he said, this scenario would likely cause 
implementing stores to go out of business quickly, essentially removing it 
from policy consideration. Gittelsohn cited other outputs from the model-
ing simulation as well, such as information about optimal food prices that 
would achieve the maximum profitability, amounts of foods to order from 
suppliers in order to optimize sales and profitability and minimize waste, 
and expected levels of waste and consumer demand. 

Gittelsohn briefly listed the model’s limitations, starting with the speci-
ficity of the parameterization data to Baltimore City. Because local con-
sumers and retailers provided the data, he elaborated, modification would 
be necessary to make the model usable in other settings. He pointed out 
further that the model is focused on proximal effects of a staple foods 
ordinance and is not yet linked to more distal effects, such as obesity or 
health outcomes. 
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Lee summarized the panel presentations by reiterating that the  Baltimore 
case study illustrates how systems science modeling can better address and 
illuminate the complexities of a community, serve as a virtual community 
for testing different policies and interventions, facilitate communications and 
engagement within a community, and bring diverse stakeholders together. 
He ended by emphasizing the value of collaboration between systems sci-
ence modeling experts and community decision makers and stakeholders, 
which he said enables an iterative feedback loop that informs and improves 
study design, data collection, and modeling parameters and supports other 
types of research. 

PANEL AND AUDIENCE DISCUSSION

Following the second panel’s presentations, Lee, Buzogany, and 
 Gittelsohn commented on how dynamic systems components influence 
systems science modeling efforts and answered participants’ questions 
about validation of models, strategies for communities that want to get 
started with modeling, training and education to prepare decision makers 
for systems science modeling, and support for urban agriculture tax credit 
recipients.

The Influence of Dynamic Systems Components 
on Systems Science Modeling Efforts

Lee explained that one of the reasons for developing an explicit model 
that represents all of the processes, components, and mechanisms of a sys-
tem is that changes in policies and priorities may occur. It is helpful for a 
model to represent what is happening on the ground in terms of the actual 
mechanisms and processes, he observed, because if policies or interventions 
change, then modelers can adjust what is happening to the mechanisms. On 
the other hand, he continued, when a model is highly tailored to a specific 
situation, changes in outcomes of interest warrant returning to the model 
to manipulate its inputs. 

Gittelsohn referenced the experience of the systems science dynamics 
model on a staple foods ordinance as an example of an iterative process. 
The team discussed different expectations and policy needs, he explained, 
and evolved the type of staple foods ordinance it considered as needs and 
priorities changed within the city government. Buzogany highlighted the 
role of political will in enacting, implementing, and enforcing policy. She 
noted that leadership changes in Baltimore have led the Food Policy Initia-
tive to consider policy options in terms of the degree of political will present 
to move them, adding that even if a model indicates that a policy will have 
the intended impact, political will is a critical moderating factor. 
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Validation of Systems Science Models

Lee responded to a question about how to validate a systems science 
model of an intervention for reducing the prevalence of obesity. Given that 
many factors drive the prevalence of obesity, he stressed the importance of 
validating multiple aspects of the model (i.e., direct and indirect effects) and 
using more than one measure to validate each aspect. He explained that 
ground-level data can be used to validate how model agents move about 
and make decisions, such as by reviewing historical and current food pur-
chasing and consumption data and matching agent behaviors accordingly. 
Weight changes in a model’s synthetic population can also be programmed, 
he added, to mirror historical changes in the prevalence of obesity. Accord-
ing to Lee, when modelers validate a model in multiple different ways to 
help ensure that it represents all that it is supposed to represent, they can 
feel more confident that the model will take into account all of the impor-
tant factors and components when a new policy is introduced. He stressed 
that the validation process never stops because although a model cannot 
achieve 100 percent validation, it is still important to continue to generate 
evidence to increase confidence that it is representing what it is intended 
to represent. 

Getting Communities Started with Systems Science Modeling 

Gittelsohn discussed the groundwork involved in building relation-
ships within Baltimore, explaining that the Johns Hopkins team has been 
working in Baltimore communities for at least 15 years toward the goal of 
improving the food environment and that the team’s modeling efforts began 
5 or 6 years ago. Part of the secret of advancing such a goal, he disclosed, 
is establishing relationships with people in the community, maintaining 
those relationships over an extended period of time, and demonstrating 
commitment to working for change. Also helpful, he added, was that the 
university had already conducted other interventions in the city’s corner 
stores and carry-out restaurants, which provided data that contributed to 
the model-building activity. As for funding, he noted that CDC’s Nutrition 
and Obesity Policy Research and Evaluation Network and the National 
Institutes of Health have interest in this type of work. 

Buzogany highlighted Baltimore’s proximity to Johns Hopkins Uni-
versity, noting that the Food Policy Initiative benefits from its relationship 
with the university and its access to models developed there. Lee urged 
participants not to be dissuaded if they are starting from scratch to build 
relation ships in communities. He encouraged them to start at the micro 
level, such as by examining a small, 1- or 2-mile radius area of the com-
munity to  assess what is happening. Doing so will keep the effort low-cost 
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while giving community stakeholders a concrete example of simulation 
modeling, he elaborated, which could help ease them into investing re-
sources to develop a broader model. 

Training and Education to Prepare  
Decision Makers for Systems Science Modeling

The speakers responded to a question about the extent of training and 
education required to get started with systems science modeling. After not-
ing significant variability in states’ levels of understanding of and experience 
with systems science modeling, Lee suggested providing decision makers 
unfamiliar with modeling concepts with research articles that can help them 
understand how models can aid in decision making. He emphasized the 
importance of avoiding providing articles with complex, technical jargon, 
lest decision makers perceive modeling as an arcane, academic exercise. In 
addition to sharing research, he suggested simply talking to and discussing 
ideas with people.

Gittelsohn pointed out that stakeholders may not recognize the itera-
tive, multistep process that occurs between deciding to develop a model 
and conducting a complex simulation. This is a participatory process, he 
explained, that includes substantial planning and discussion of concerns, 
main players, and key factors, and occurs before mathematical calculations 
and equations come into play. Gittelsohn also suggested emphasizing that 
the group model-building process involves community members and deci-
sion makers and is not exclusive to academics or researchers, so that all 
types of stakeholders understand the critical role of their participation in 
the process. 

Lee reiterated Gittelsohn’s point that systems science modeling is an 
iterative process, and added that stakeholders can begin by developing 
a relatively simple model. There is value in developing an initial, smaller 
conceptual model to help give people a better sense of the topic of interest, 
he elaborated, even though this initial model may lack certain data and not 
provide a perfect representation of every factor involved. Once the initial 
model has been developed, he continued, stakeholders can prioritize areas 
where more data are needed and then collect those data to feed into the 
model, making it increasingly more comprehensive as the cycle continues. 

Support for Urban Agriculture Tax Credit Recipients 

Buzogany responded to a question about how recipients of the  urban 
agriculture tax credit were prepared to succeed in converting their land 
for agriculture. She cited three organizations that offer such support: 
 Future Harvest, which has a beginner farmer training program that pairs 
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novice farmers with existing farms to facilitate hands-on learning; the 
Farm  Alliance of Baltimore City, a member organization (which includes 
more than 20 of the city’s urban farms) that shares tools and expertise and 
advo cates for policy change; and the Black Church Food Security Network, 
which organizes beginner farmer training through Black churches and 
networks. 

POLICY MAKERS: SALURBAL

The third panel included three speakers who discussed the usefulness 
of systems science approaches for policy makers. The speakers shared 
experiences with policy maker engagement in an international collabora-
tive initiative called SALURBAL (Salud Urbana en América Latina [Urban 
Health in Latin America]), which incorporates systems thinking and sys-
tems approaches to promote urban health and environmental sustainability 
in Latin American cities. 

Ana Diez Roux, dean and distinguished university professor of epide-
miology in the Drexel University Dornsife School of Public Health, opened 
the panel with an overview of the SALURBAL study’s goals and aims. It 
is an initiative of the Urban Health Network for Latin America and the 
 Caribbean, she explained, implemented by Drexel University and 14 part-
ners based primarily in Latin America and funded through the Wellcome 
Trust’s “Our Planet, Our Health” global initiative. Diez Roux cited the 
study’s three goals: to create an evidence base for making Latin American 
(and other) cities healthier, more equitable, and environmentally sustainable; 
to engage policy makers and the public in a new dialogue about urban health 
and urban sustainability and implications for societal action; and to create 
a platform and network that will ensure continued learning and translation. 
She also described the study’s four aims: to identify city and neighborhood 
drivers of health and health inequities among and within cities, based on an 
analysis of data pooled from various sources; to evaluate the health, envi-
ronmental, and equity impacts of policies and interventions by capitalizing 
on natural experiments; to use systems thinking and simulation models to 
evaluate urban–health–environment links and plausible policy impacts; and 
to engage the scientific community, the public, and policy makers in dis-
seminating and translating the study findings.

Diez Roux highlighted SALURBAL’s systems thinking aim, noting that 
systems science approaches are integrated into the full context of the study 
as one of three methods (alongside observation and experimental evalua-
tion) for obtaining evidence relevant to urban health. She explained that 
the researchers decided to apply systems science modeling to transportation 
policy and food policy, which were selected as the two areas of emphasis 
because feedbacks and dependencies (in the sense of people influencing 
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each other through social norms) are critical to both. She added that both 
areas have high policy relevance globally and regionally, and have strong 
health–environment links that may operate in both directions, which means 
that the effects of policies will likely involve reinforcing or buffering loops 
or dependencies. 

Diez Roux emphasized the uniqueness of the policy maker engagement 
component of the study’s fourth aim, suggesting that its purpose is to ensure 
the study’s policy relevance, as well as to promote new ways of thinking 
among policy actors and other stakeholders about the drivers of urban 
health and the types of policies and interventions that could improve health 
and sustainability in cities. She explained that the study has engaged policy 
makers in its systems science aim by including them in participatory group 
model-building activities conducted in three regional workshops, which she 
said simulated local applications of this participatory approach. The study 
will conduct a second policy maker engagement activity once development 
of two simulation models has been completed, she added, and then yielded 
to her fellow panelists to elaborate on these examples of policy maker 
engagement.

Brent Langellier, assistant professor of health management and  policy 
at Drexel University, expounded on SALURBAL’s participatory group 
model-building exercise and its two policy-oriented, agent-based models. 
He began by reiterating the study’s systems thinking aim:

To employ systems thinking and formal systems simulation models to 
(1) better understand the dynamic relations between the urban envi-
ron ment, health and environmental sustainability; and (2) identify the 
 plausible impacts of selected policies under varying conditions and 
 dynamic relations.

The terms “models” and “modeling” are used broadly in the study, 
he clarified, to describe its efforts to both map the systems that influence 
urban health and employ formal quantitative simulation models, which 
together can enhance understanding of potentially highly effective policy 
opportunities. 

Langellier stressed that policy makers generally recognize the complex-
ity of urban systems and accept this attribute of their cities. He outlined three 
policy-relevant aspects of this complexity: feedback loops ( bidirectional 
relationships with two or more variables), interdependence (outcomes of 
one person are often not independent of outcomes of other people), and 
change over time (a policy’s effect may depend on the state of a system). He 
encouraged the use of common tools and terminology to describe complex 
systems and explore their influences on health, noting that the first 2 years 
of the SALURBAL study were strongly focused on this objective.
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Langellier elaborated on three group model-building workshops—one 
in Lima, Peru; one in São Paulo, Brazil; and one in Antigua, Guatemala—
conducted with 62 policy stakeholders during the study’s first 2 years. 
These stakeholders included academics, elected and administrative policy 
makers in spaces such as public health and planning agencies, and repre-
sentatives from nongovernmental organizations that influence local poli-
cies. The outcomes of interest were healthy eating and mobility/transport 
in Latin American cities, Langellier continued, and the objectives were to 
engage policy stakeholders in SALURBAL, introduce systems thinking by 
explaining such concepts as feedback loops and describing how to depict 
complex systems, describe the structure and function of complex systems 
that drive both healthy eating and transport and explore their overlap, 
 explore multisector influences on urban health, and identify policy solutions 
that recognize complex system influences on health outcomes. 

According to Langellier, a critical component of the workshops was 
scripted activities to introduce systems thinking and work toward mapping 
systems by facilitating the transfer of participants’ mental models to a more 
explicit form. The workshops began with an activity called “graphs over 
time,” he recounted, which was intended to engage participants in framing 
a problem, initiating mapping, generating variables, and prioritizing the 
variables as preparation for creating causal loop diagrams. Participants were 
prompted to think of a factor that influences healthy eating in cities, and 
to draw one trajectory showing how they hoped that factor would change 
over time and another showing how they feared it would change over time. 

Another scripted activity was the creation of causal loop diagrams, 
Langellier continued, in which participants were instructed to create such 
diagrams in small groups and then present them to the larger group. A syn-
thesis activity followed in which the small groups worked with facilitators 
to synthesize their diagrams into a single causal loop diagram representing 
a hypothesis about the food system/transportation system factors that influ-
ence a healthy urban environment. This juncture, Langellier said, is where 
the diverse and often overlapping perspectives of stakeholders emerged 
as the synthesis model took shape, and participants quickly recognized 
the complexity and interconnectedness of the systems involved. Langellier 
shared an example of an initial causal loop diagram produced during one 
of the workshops (see Figure 3-5). He flagged feedback loops related to 
healthy food consumption in the bottom left of the graphic and compared 
them with feedback loops related to transport and mobility incidents, lo-
cated in the top right of the graphic. Stakeholders naturally integrated these 
two realms without prompting from the facilitators, he recalled, which he 
said illustrated the concept of multisector influences. 

Langellier explained that after the causal loop diagrams had been cre-
ated, participants completed a final scripted activity called “action ideas,” 
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FIGURE 3-5 Example of a causal loop diagram developed by participants in a policy stake-
holder workshop in Latin America.
NOTE: AQ = air quality; PA = physical activity; UPF = ultraprocessed food.
SOURCES: Presented by Brent Langellier, September 16, 2020; Langellier et al., 2019. 

which he described as an opportunity to reflect on the system’s structure 
and feedback loops and consider how they may influence the desired and 
un desired changes over time, helping to generate ideas for changes to the sys-
tem to improve health outcomes. Those changes could take many forms, he 
clarified, such as adding or removing variables or feedback loops, or chang-
ing their magnitudes. After stakeholders had devised policy interventions, 
they added them to a 2 × 2 grid that ranked them by ease of implementation 
(easy or hard), as well as by level of impact (high or low). This exercise, 
Langellier observed, helped them consolidate the easy-to-implement, high-
impact ideas, which in the workshops included advocating for food and 
transport, promoting cycling tours between healthy food sources in the city, 
and offering microcredit and credit assistance programs for urban farming. 

Langellier shifted to a review of SALURBAL’s two agent-based simula-
tion models of urban policy, one focused on ultraprocessed food purchasing 
policy and the other on urban transport and mobility policy. He prefaced 
this discussion by noting that the stakeholder insights and action ideas 
generated during the group model-building workshops were important 
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inputs into the formal model development, along with the research team’s 
knowledge and literature reviews.

Langellier began with the ultraprocessed food purchasing model, ex-
plaining that it explored two questions. The first was how food labeling, 
advertising, and taxes can be combined most effectively to reduce purchas-
ing of ultraprocessed food in Latin American cities. Langellier observed that 
there is currently much policy action on taxation, labeling, and advertising 
policies in numerous Latin American cities and countries. He characterized 
this as an opportunity to “strike while the iron is hot.” He then shared the 
second question: whether policy effects vary across different population 
segments (high versus low income and educational attainment). Langellier 
explained that the model comprises adult females living in urban areas in 
Latin America who are the primary food purchasers in their households, 
and uses population demographics and ultraprocessed food purchasing 
data from Mexico City. He noted that those data could easily be replaced 
with data from any other urban area in Latin America, providing a flexible 
framework. The agents are organized in social networks, he continued, with 
ties more likely among agents of similar age, income, and education levels. 
He added that, because social influences and social norms are important 
drivers of dietary behaviors and are potentially important for policies aimed 
at reducing inequities, it was important for the model to account for inter-
dependencies among people. 

Langellier pointed out that as the model runs, ultraprocessed food pur-
chasing is updated in response to social norms and social influence and to 
price, labeling, and advertising policies. He described three factors on which 
policy effects are based: price elasticities from Latin American countries 
(price changes relative to income), advertising (advertising elasticities), and 
labeling (based on a Chilean policy evaluation of the first comprehensive 
stoplight labeling policies in Latin America).

Moving from the structure of the model to its utility, Langellier reiter-
ated that taxation and labeling policies are under consideration in several 
Latin American countries, and that policy effects are likely to vary with 
different contexts, levels, and combinations. He suggested that the food 
industry will probably respond to such policies with advertising, referencing 
a history of increased industry advertising and lobbying efforts to influence 
policy enactment and implementation. An increase in advertising can chal-
lenge efforts to evaluate the effects of a policy, he explained, because the 
change in advertising occurs concurrently with the policy change. Finally, 
Langellier stressed that developing the modeling infrastructure was helpful 
because modelers can quickly change the model’s parameters—related to 
both the city and the tax or policy levels—making the model what he char-
acterized as an urban food policy lab that can be applied to future policy 
proposals in different locations. 
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Langellier moved on to discuss the second agent-based model, which 
deals with urban transport and mobility policy. He described its purpose 
as modeling commuter decision making and behavior in a city inspired by 
Bogotá, Colombia, where there are five commuting modes: car, motorbike, 
bus and bus rapid transit (BRT), bicycle, and walking. He explained that 
because SALURBAL’s intent is to explore interconnections among behavior, 
health, and the environment, this model can be used to explore how public 
transportation policies, taxation, and interventions to improve personal 
safety from crime affect mode share, physical activity, and air pollution. 

The model is spatially explicit, Langellier pointed out, which accounts 
for residential segregation in a city, income inequity, and commutes between 
homes and workplaces. Additional features of the model’s design include 
variance in car, motorcycle, and bicycle ownership by income; a realistic 
distribution of bus and BRT stops through the city; assignment of a safety 
variable to each mode based on available crime data; and population and 
environment factors informed by Bogotá data. Langellier also listed the 
rules for the urban transport and mobility policy model. Agents make a 
daily commute-to-work decision, he said, based on the modes of transpor-
tation available to them, their determination of the highest-utility mode 
(a function of travel time and cost), and their evaluation of the perceived 
safety of each mode (i.e., avoiding modes that they consider unsafe based 
on their threshold for safety). 

Finally, Langellier echoed his earlier comment about the models’ value 
in establishing modeling infrastructure to enable examination of specific 
policy proposals. He underscored that both models effectively integrate 
health aspects with outcomes of interest to policy makers in multiple 
sectors. 

Felipe Montes Jimenez, associate professor in the Department of Indus-
trial Engineering at the Universidad de Los Andes, shared a case study of an 
effort called TransMiCable that implemented cable car transport in a low-
income, densely populated area of Bogotá. Implemented in 2018, the cable 
car system had more than 7.5 million passengers in its first year of opera-
tion. Montes Jimenez was involved in research designed to provide evidence 
for an urban development effort that implemented 16 projects aimed, for 
example, at improving facilities for recreational and cultural activities and 
making physical improvements to homes. He explained that the objective 
of the research was to evaluate the effect of the implementation of one of 
these projects—TransMiCable—in three areas: environmental and social 
determinants of health, physical activity (for both leisure and transport), 
and health outcomes (quality of life, respiratory diseases, and homicides). 
A key component of the evaluation, he elaborated, was its use of citizen 
science to identify, prioritize, and communicate the TransMiCable cable car 
intervention’s negative and positive impacts on health and quality of life in 
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the community, which Montes Jimenez said contributed to empowering the 
community and increasing its uptake of the intervention. 

Montes Jimenez then described the evaluation’s conceptual framework, 
explaining that the first step was to convene multisector stakeholders, in-
cluding community members and academics. The stakeholders participated 
in a group model-building workshop where they engaged in scripted activi-
ties for the purpose of developing causal loop diagrams, he elaborated, that 
would complement the conceptual model and identify and explore policy 
alternatives within the TransMiCable evaluation. He reported that the first 
draft of the causal loop diagram seemed messy, but that concrete constructs 
and cause-and-effect relationships were deduced on closer examination and 
additional dialogue with participants. Montes Jimenez relayed that after the 
workshop, researchers held one-on-one interviews with several stake holders 
to review the diagram, collect inputs on its feedback loops, and clarify 
terminology to accurately reflect the jargon of each discipline and sector. 
Follow ing these interviews, the researchers revised the diagram so that it 
more clearly depicted four key aspects of the system (see Figure 3-6).

Montes Jimenez elaborated on these four aspects, beginning with health 
conditions. The updated diagram, he said, conveyed that social dynamics 
favor both physical activity promotion and the dynamics of transport that 
could influence mental health and leisure activities. He cited as a second 
aspect social and economic development, denoting social dynamics that 
could affect mobility, interurban displacement, and quality of life.  Mobile 
phone apps track movements in a sample of people, he added, which 
helps researchers understand how the intervention is changing mobility in 
terms of travel time and quality. The third aspect, operationalization of 
 TransMiCable, refers to the provision of an efficient service. Finally, Montes 
Jimenez described the fourth aspect, citizen’s culture, as involving commu-
nity participation and ownership of the intervention, as well as reinforce-
ment of inclusive behaviors that nurture well-being and reduce vandalism 
and gender-based violence in the area where the cable cars operate.

Montes Jimenez ended his presentation with reflections on the Trans-
MiCable evaluation. The involvement of multisector stakeholders led to 
a shared mental model of the system, he observed, represented by four 
domains that were previously undefined. He stressed that inviting policy 
makers to co-create the conceptual framework for research and project 
evaluation helped make them supportive of the evaluation’s conduct and 
made its results visible for the city. He noted that a second cableway is 
intended to be added in the control area of the city as part of a second 
intervention. Lastly, he highlighted how the involvement of both policy 
makers and community members served to level the playing field by giving 
everyone the same opportunities to be heard and to contribute to a shared 
mental model that incorporated different points of view.
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PANEL AND AUDIENCE DISCUSSION

Following the third panel’s presentations, Diez Roux, Langellier, and 
Montes Jimenez commented on the origins of the Urban Health Network, 
modeling’s role in informing policy making, modeling training for the pub-
lic health workforce, and citizen science as a means of engaging communi-
ties in systems approaches. They also responded to participants’ questions 
about SALURBAL’s use of agent-based models versus system dynamics 
models to simulate intervention impacts, stakeholder feedback from group 
model-building workshops, and managing strong personalities in these 
workshops.

Origins of the Urban Health Network

According to Diez Roux, the Urban Health Network originated at 
Drexel University with a meeting among a handful of colleagues with per-
sonal connections to Latin America and shared research interests in urban 
health issues. The policy maker engagement piece was highly important 
from the start, she recalled, clarifying that the group’s focus is not on re-
search but on policy engagement. As the Urban Health Network grew and 
added members in different Latin American countries, she continued, an 
opportunity arose to apply for funding from the Wellcome Trust, which was 
interested in funding an international collaboration that involved policy 
maker engagement. That funding was critical, Diez Roux noted, for cre-
ating the Network’s infrastructure and a platform for collaborating and 
generating evidence to support public policy. She remarked that a similar 
approach could work for connecting stakeholders in various U.S. metro-
politan areas who have shared interests. 

Modeling’s Role in Informing Policy Making

Using COVID-19 models as an example, Langellier emphasized the 
importance of recognizing that although policy decisions do not always 
match what models may suggest should be done, the models are still influ-
ential in generating important insights that influence policy directly or 
indirectly (e.g., in the case of COVID-19 models by helping to clarify key 
aspects of the pandemic and how it evolves). COVID-19 models could be 
developed relatively quickly, he pointed out, because of decades of prior 
research and investment in the infrastructure needed to develop infectious 
disease  models. In contrast, he pointed to chronic diseases, for which there 
is a long way to go to build modeling infrastructure that can be responsive 
to acute policy needs. He explained that a focus of the Urban Health Net-
work’s efforts to develop agent-based and group-based models is to enable 
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the generation of policy-relevant evidence, but the Network is also build-
ing a modeling infrastructure that will facilitate faster responses to future 
policy decisions. 

Modeling Training for the Public Health Workforce 

Langellier mentioned a training program in systems thinking and a 
short course on group model building that were both offered at Drexel, 
noting that the latter was attended mainly by people from non governmental 
and government organizations who wanted to learn how to use these tools. 
He highlighted the critical importance of the Urban Health Network’s 
funding support, which he said allowed it to prioritize the development of 
modeling infrastructure and capacity. Yi concurred and suggested that fund-
ing can also facilitate opportunities to convene and connect stakeholders for 
informal consensus building and discussion of shared interests and goals.

Community Engagement Through Citizen Science

Montes Jimenez commented on TransMiCable’s citizen science com-
ponent, whereby community members were invited to help researchers 
gather data by taking pictures of the environment surrounding the cable 
car location and observing barriers and facilitators for health. The purpose 
of the data gathering was to provide useful insights for policy makers, he 
explained, and ultimately to make agreements and commitments with them 
about follow-up actions for both the community members and the policy 
makers. Inviting the community members and policy makers to join in the 
modeling process made them aware of the initiative and helped them feel 
engaged in it, he continued, making it more inclusive and systemic because 
all of the actors participated and contributed to a shared outcome. He 
added that a citizen science model can foster longer-term sustainability of 
an intervention because it enables community ownership of an effort. 

Use of Agent-Based Models to Simulate Intervention Impact

Langellier responded to a participant’s question about the use of 
agent-based versus system dynamics models to simulate impacts of the 
 SALURBAL intervention. He noted that SALURBAL collaborators are in 
the process of developing system dynamics models of obesity transitions 
in Latin American countries, but explained that agent-based models were 
chosen for the ultraprocessed food model for purposes of flexibility and 
for utility in addressing future research questions. The model will examine 
ultraprocessed food consumption as an outcome, he reminded participants, 
and although access to different types of food is an important factor, the 
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model is not spatially explicit. But the agent-based framework will enable 
researchers to examine how the agents’ ultraprocessed food purchasing be-
haviors are affected by social networks and social influence, he explained, 
which are drivers of dietary behaviors and thus are important to consider 
when developing policies to address social inequities. He pointed out that 
the model could be expanded in the future to a more choice-oriented frame-
work whereby agents would choose between ultraprocessed and other types 
of foods.

Stakeholder Feedback from Group Model-Building Workshops

Diez Roux clarified that a range of health care providers, such as 
physicians and nutritionists, are part of the SALURBAL community, and 
remarked that the diversity of backgrounds among participants has en-
hanced the initiative’s group model-building exercises. According to Diez 
Roux, feedback from these exercises indicated that participants had begun 
to apply systems thinking to their conceptualization of problems, and that 
they went away from the exercises with the intention of conducting similar 
activities at their own worksites. She asserted that this shift in partici-
pants’ mindsets is extremely valuable, suggesting that this outcome may be 
even more valuable than the results generated from the formal simulation 
models. 

Managing Strong Personalities in Group Model-Building Workshops

Montes Jimenez responded to a participant’s question about how to 
prevent outspoken, opinionated participants in group model-building work-
shops from suppressing other participants’ involvement in the activity. He 
explained that facilitators of group model-building workshops are trained 
to anticipate such situations, to which they may respond by ensuring that 
all participants have an opportunity to talk and provide feedback on ideas, 
or by placing participants in small, diverse groups. The goal of developing 
a shared mental model helps, he added, because it removes the focus from 
any individual’s specific situation and views. 
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Highlights from the Presentations of Individual Speakers

•  Three strategies for translating systems science modeling  results 
for community partners are planning for dissemination at the 
outset of a project; creating highly visual, tailored resources; 
and emphasizing resources and tools that are interactive, 
 dynamic, and explorable, such as interactive dashboards and 
visual before-and-after presentations. (Douglas Luke)

•  It is important for participants in systems science modeling 
 efforts to understand each other’s roles, contributions, and goals 
for the effort, as well as each other’s expectations and how their 
inputs will be used. (Sara Czaja)

•  Developing different systems science models to explore the 
same issue (i.e., comparative models) and then comparing and 
contrasting their predictions and results can help inform an 
appropriate level of confidence in the potential outcomes of 
an intervention. (David Mendez)

•  Health care providers would benefit from training in systems 
science that helps shape their perspectives about the context in 
which their prescribed interventions occur, and also reinforces 
their opportunity to play an influencer role within systems, 
such as by helping to link patients to community supports and 
resources. (Jamy Ard)

4

Reflections on Using 
Systems Science Applications to 

Inform Obesity Solutions
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•  Building relationships that lead to long-term, sustainable change 
in communities can start with an informal initial conversation 
and progress organically over time as parties discuss mutual 
interests in a particular population or topic area. (Stella Yi)

•  A technique for initiating community and stakeholder engage-
ment in a systems science modeling process is to invite them 
to draw path diagrams, an iterative process that ultimately 
results in the development of dynamic models that are useful 
for intervention and optimization. (Daniel Rivera)

•  Most stakeholders harness only a small percentage of sys-
tems science modeling capabilities; predictions represent only 
a sliver of a model’s capability. (Bruce Y. Lee)

•  Much progress has been made with respect to the maturation 
of systems science models and the formation of a community of 
systems science stakeholders. Self-reflection and self-correction 
are valuable habits for stakeholders to practice to enable con-
tinued progress in the field of systems science. (Patty Mabry) 

In the workshop’s final session, its organizers shared their reflections 
from the workshop presentations and discussions. Each individual provided 
brief remarks on a variety of issues focused on encouraging and helping to 
support the use of systems science thinking and systems science  approaches 
to address the complexity of obesity drivers and solutions. Following the 
 organizers’ remarks and a brief panel question-and-answer session, a closing 
speaker delivered final reflections on the workshop’s discussions.  Nicolaas 
(Nico) Pronk, president of HealthPartners Institute, chief science officer at 
HealthPartners, Inc., and adjunct professor of social and behavioral sci-
ences at the Harvard T.H. Chan School of Public Health, and Christina 
Economos, co-founder and director of ChildObesity180 and professor 
and New Balance Chair in Childhood Nutrition at the Tufts University 
 Friedman School of Nutrition Science and Policy, moderated the session. 

REFLECTIONS AND DISCUSSION OF NEXT STEPS

Douglas Luke, Irving Louis Horowitz Professor in Social Policy and 
director of the Center for Public Health Systems Science at Washington 
University in St. Louis, commented on strategies for translating systems sci-
ence modeling results and disseminating resources and tools to community 
partners. He outlined three points, attributing the first to his friend and 
colleague Ross Brownson. One of Brownson’s key tenets, he noted, is to 
encourage the conduct of dissemination planning at the outset of a project 
instead of waiting until its completion. Luke highlighted the importance of 
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ongoing dialogue with community partners about what type of resources 
they need to support their decision making. 

Second, Luke pointed to several translational challenges or steps en-
tailed in systems science modeling efforts. Modelers first translate for a 
scientific audience, he explained, as they consider how to convince epide-
miologists or health economists, for example, about the reliability, validity, 
and utility of a model. The second translational step, he observed, occurs 
when modelers translate their learnings into data and wisdom that com-
munity planners and stakeholders can use, and he stressed that the tools 
and resources that are most helpful in this step are different from the typi-
cal outputs of a National Institutes of Health (NIH)-funded study. Luke 
appealed for highly visual resources that are tailored to the extent possible, 
commenting that policy makers are more likely to be engaged when they 
see a model’s projections for their specific area of concern.

Third, Luke emphasized tools that are interactive, dynamic, and explor-
able. As an example of such a tool, he highlighted Lee’s map of Baltimore 
(see Chapter 3), where the agents could be seen moving around. He also 
highlighted interactive dashboards that visually present a variety of infor-
mation, maps, or other interfaces that show a physical area of interest; 
before-and-after presentations that display how an environment might 
look postintervention; and resources that allow people to explore what-if 
scenarios. 

Sara Czaja, professor of gerontology in medicine at Weill Cornell 
Medicine, spoke about the importance of leveraging partnerships and mul-
tidisciplinary teams to address complex challenges. Given that systems 
science approaches involve the interaction of multisector stakeholders, she 
urged early planning for how the layers of participants will communicate 
effectively despite coming from different arenas. In terms of training and 
education, she continued, it is important for participants in systems sci-
ence approaches to understand the roles and contributions of the various 
 players, as well as their goals for the targeted effort.  

Czaja also encouraged understanding and managing stakeholder expec-
tations. For example, she stressed that it is important for systems science 
modelers to determine how community stakeholders’ input will be used 
and to understand how this determination aligns with those stakeholders’ 
expectations regarding the implementation of their inputs. She noted that, 
while it is not always feasible or even possible to integrate every input into 
a model, it helps if people understand that from the start.

Lastly, Czaja urged consideration of the importance of keeping people 
informed about progress and motivated, especially when efforts are com-
plex and lengthy. She emphasized that people want to understand how they 
are making an important contribution to the process. Communication is 
key, she insisted. 
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David Mendez, associate professor in the Department of Health Man-
agement and Policy at the University of Michigan School of Public Health, 
assessed the utility of systems science modeling. The utility of these models, 
he postulated, depends on one’s expectations for them. Systems science 
modeling helps solve a specific problem or answer a question, he elabo-
rated, and modelers can incorporate various levels of complexity into a 
model to answer a specific question. The model becomes a representation 
of an idea, he continued, a hypothesis about the processes that govern the 
topic of interest. If one has a relatively narrow problem to address, he 
observed, the corresponding mental map and systems science model may 
not be as complex as one that shows all of the interconnections among the 
greater systems at play.

Mendez shared a challenge of his work in evaluating tobacco policy—
that the impacts of policies of interest take a long time to materialize. 
Realizing that a model can help evaluate the range of time in which such 
policies will be successful, his team developed a model to gauge the over-
all mortality caused by smoking over time. By better understanding the 
magnitude of the problem, Mendez explained, the team was able to derive 
a set of robust policies for addressing that problem. He argued that even 
though unintended consequences are likely, it is important to use the best 
information available to make policy decisions now. He suggested the use 
of comparative models—different models for the same topic—to assess how 
they differ in their results, explaining that this approach can help inform 
a level of confidence in the potential outcomes derived from the modeling.

Jamy Ard, professor in the Department of Epidemiology and Pre-
vention and the Department of Medicine at the Wake Forest University 
 Baptist Medical Center and a member of the 2020–2025 Dietary Guidelines 
 Advisory Committee, shared his perspective on the inclusion of systems 
thinking and modeling in the development of the Dietary Guidelines for 
Americans and on how using systems science approaches at the micro level 
affects his daily work as a clinician. 

Food, nutrition, and the consequences of dietary intake for health are 
interrelated, Ard remarked, and manipulating one variable leads to a  series 
of consequences that affect nutritional status and health trajectory in the 
context of disparities in obesity and other chronic diseases. Therefore, 
he maintained, the process of developing the Dietary Guidelines could 
naturally be all about systems. He observed, however, that the process 
of developing the Dietary Guidelines has historically taken a reductionist 
approach, whereby until recently, the recommendations have been based 
more on nutrients than on foods or dietary patterns. The challenge going 
forward, Ard suggested, is to integrate systems science approaches into the 
development of dietary guidance at both the population and individual 
levels. The 2020–2025 Dietary Guidelines Advisory Committee took a 
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life-stage approach, he recounted, as it considered the science informing 
dietary guidance. Much more can be done, he argued, with regard to inte-
grating a systems science approach into the nutrition science evidence base 
and the process of developing dietary recommendations to reduce the risk 
of chronic disease. 

With regard to his role as a medical provider, Ard proposed that health 
care providers would benefit from training in systems thinking to help shape 
their perspectives on the context in which their prescribed interventions 
 occur. He suggested that, upon learning about the web of systems influences 
that affect patients, clinicians might feel frustrated that their treatments or 
counseling will accomplish little because they cannot control the host of 
environmental and social influences that affect their patients’ health behav-
iors. Nonetheless, he appealed for helping providers understand how even 
at the individual level they can play an influencer role within systems, such 
as by helping to link patients to community supports. 

Stella Yi discussed the formative work involved in engaging stakeholders 
and community members in participatory group model building. Accord-
ing to Yi, the participatory systems science process is a tool for providing 
structure around collaboration that is aimed at addressing shared priorities. 
Speaking from her perspective as a health disparities researcher who has 
worked in partnership with Asian American communities and community-
based organizations for more than 15 years, she noted that her group’s 
long-term relationships with communities have enabled much dialogue about 
issues that are important to residents. These conversations served as a precur-
sor, she said, to her team’s current efforts to engage communities in group 
model-building exercises to learn about healthy diet and lifestyle behaviors 
among older Chinese and Mexican immigrant communities in Brooklyn. 

Yi pointed out to participants that although it takes time and effort to 
foster the connections that lead to long-term, sustainable change in com-
munities, they likely already have relationships with the communities that 
they seek to help. If not, she suggested that relationship building can start 
with an initial conversation and progress organically as the parties discuss 
mutual interests in a particular population or topic area. She acknowledged 
that this may sound simplistic, but argued that it is truly how relationships 
begin, and she noted that this model has worked well to enable her group to 
engage with communities that are underrepresented in the health literature 
and policy space. Different stakeholders have unique contributions to offer, 
Yi stressed, sharing an example in which her university provided data col-
lection tools to community-based organizations that wanted to collect data 
but lacked the capacity to do so. At the same time, however, the organiza-
tions brought the essential assets of the trust of the community members, 
cultural and linguistic knowledge, and an understanding of how programs 
can be designed to be maximally successful for those they are designed to 
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help. To end her remarks, Yi appealed for solutions that incorporate voices 
from diverse age, racial, and ethnic groups that mirror the makeup of the 
target population. 

Daniel Rivera, professor of chemical engineering and program director 
of the Control Systems Engineering Laboratory at Arizona State University, 
offered suggestions for initiating community and stakeholder engagement 
in the systems science modeling process. These suggestions, he noted, were 
based on his viewpoint as a chemical engineer who works as a modeler 
in partnership with intervention and behavioral scientists to deliver opti-
mized, personalized interventions related to behavioral medicine. Rivera 
maintained that, regardless of an intervention’s outcomes of interest, issues 
of language (jargon) and domain expertise persist. Some degree of tension 
also typically exists, he added, and he shared a personal example in which 
his scientific understanding of the definition of an experiment had been 
broadened by working with behavioral scientists. 

Rivera highlighted the usefulness of guiding groups to draw path dia-
grams, which he described as an iterative process that ultimately results 
in the development of systems science dynamical models that are used for 
intervention and optimization. Some theories of behavior are amenable to 
a dynamical systems interpretation, he continued, giving the example of an 
effort that developed a dynamical systems science model for social cognitive 
theory. Good path diagrams for this theory did not exist in the literature, he 
said, so his team developed a system dynamics model with a fluid analogy 
that has similarities to the stock-and-flow models used in system  dynamics. 
The fluid model can be correspondingly expressed as a path diagram, he 
reported, which, thanks to his team’s efforts, is now available for social 
cognitive theory.

Rivera echoed Jack Homer’s comments from earlier in the workshop 
(see Chapter 2) about the balance between testable models and models that 
are “good enough.” He pointed out that the goal is often to get to the sim-
plest model that helps answer basic questions, and suggested that this goal 
is better than integrating every possible construct and contextual variable 
that could influence the outcome of interest. 

Bruce Y. Lee, professor of health policy and management at the City 
University of New York Graduate School of Public Health and Health 
Policy and executive director of Public Health Informatics, Computational, 
and Operations Research, reviewed the purposes and capabilities of models 
and addressed the misconception that all models are the same, so only one 
model is needed for a given situation. He referenced the public conception 
that models for predicting COVID-19 mortality counts were “wrong” 
because they did not predict exactly what occurred, arguing that predic-
tions represent only a sliver of a model’s capability. Predicting the future is 
difficult, he pointed out, and he described the process of building a budget 
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spreadsheet as an analogy for a model’s inputs and purposes. One would 
not use a budget spreadsheet to predict how much money would be earned 
in 1 year, he stated, because too many variables are involved, whereas a 
budget spreadsheet would be useful to help conceptualize one’s financial 
context and better understand the relative contribution of each line item 
to total spending. This latter use might involve checking receipts, he con-
tinued, which is analogous to data collection, and as more data are added, 
the budget model is revised. Moreover, he observed, an accountant or fam-
ily members might be asked to weigh in, which he described as an example 
of modeling bringing people together to collect their inputs or inform them 
about what the model describes, ultimately refining the shared understand-
ing of the situation and integrating other research methods and data.

To address a common misconception of stakeholders new to the model-
ing process that all systems science models are the same, Lee recalled 
cases in which people claimed that a model was not needed to address a 
particular question because they had already developed a model on that 
topic. He pointed out, however, that this would not be the way one would 
respond about a clinical trial; rather, more clinical trials would be con-
ducted to examine similar outcomes in different populations and contexts. 
He emphasized that wide diversity exists within systems science approaches, 
and modelers sometimes use the same technique in different ways. Lee 
suggested that a problem or question would benefit from assessment by 
several modeling teams, with the results then being compared. Similarly, 
he observed, people’s conceptualizations of a given problem or issue are 
diverse. He argued that this diversity can be explored by perspectives of a 
range of stakeholders, which can help modelers understand differences in 
the understanding of or access to information about a problem. 

Lee concluded his remarks by proposing a change in the paradigm of 
how systems science modeling is used, asserting that most stakeholders 
harness only a small percentage of modeling capabilities.

PANEL AND AUDIENCE DISCUSSION

Following the reflections summarized above, the workshop organizers 
discussed early-life opportunities for introducing systems thinking, systems 
science models of the effects of taxing sugar-sweetened beverages, strategies 
for enabling novices to get started with modeling, and potential unintended 
consequences of defining obesity in systems science models. 

Training in Systems Thinking: How Early?

Ard suggested that it is never too early to introduce systems thinking 
concepts, clarifying that such conversations do not necessarily have to use 
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the term “systems thinking.” Rather, he argued, they can simply convey the 
interconnectedness of the world, the effects of one’s actions on others, and 
the effects on systems of actions at the population level. Yi mentioned the 
children’s book When a Butterfly Sneezes, which helps learners recognize 
the systems nature of such common objects as a tree or the human body 
and describes the downstream effects of something as simple as the flap of 
a butterfly’s wings. She noted that although the jargon of systems scientists 
can be intimidating, it describes a concept that is innately understood by 
the human brain. Luke suggested encouraging students to take a systems 
perspective on the world as they progress through school, and Pronk added 
that it may be helpful to call out systems thinking explicitly so that students 
recognize it in the context of their training and education. According to Lee, 
it is important for training to include an explanation of methods and their 
purpose so that people understand appropriate applications. Yi pointed out 
that much systems science modeling occurs in a vacuum, but that actual im-
plementation of modeled interventions involves additional, on-the-ground 
factors and participation that result in decisions regarding the differences 
between efficacy and effectiveness. She stressed that the participation of 
multisector stakeholders can help make models more applicable to the real 
world with potentially enhanced sustainability and effectiveness. Czaja 
added that exposing people to other disciplines and ways of thinking can 
help prevent the formation of disciplinary siloes.

Mendez distinguished between systems thinking and systems science 
modeling. He agreed that early integration of systems thinking in education 
is important so that people understand how inputs flow into outcomes, as 
well as the concept of interconnectivity. With regard to the latter, he stressed 
the importance of recognizing that a problem is likely affected by a host of 
environmental determinants that may not all appear to be directly related 
to it. He suggested that moving from systems thinking to systems science 
modeling requires more formal, specialized training.

Systems Science Models of Taxing Sugar-Sweetened Beverages

Lee responded to a participant’s question about the existence of systems 
science models examining the effect of taxing sugar-sweetened beverages on 
their consumption and ultimately on the incidence of obesity. He confirmed 
that such models exist, noting that the Global Obesity Prevention Center 
funded a pilot project at the University of California, Berkeley, to collect 
data on these taxes in various Bay Area municipalities. The goal was to use 
the data to help calibrate and also validate different models for predicting 
the outcomes of implementing these taxes, he explained, acknowledging 
that the issue is complicated because of the heavy media attention and 
public interest that these policy proposals tend to generate. 
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Getting Started with Systems Science Modeling

In response to a participant’s question about how a novice can begin 
applying systems science modeling, Luke highlighted the value of social net-
working for identifying local experts who can help. Lee suggested a “happy 
hour approach,” which involves trying to identify someone with crossover 
interests or experience working in the same discipline who can help bridge 
the gap between one’s interests and systems science modeling. 

Potential Unintended Consequences of  
Defining Obesity in Systems Science Models

A participant commented that some stakeholders have suggested that 
the use of weight status to assess health results in stigma and disordered eat-
ing, and asked whether assigning definitions for obesity in systems science 
models could have such unintended consequences. Lee replied that systems 
science models incorporate a host of factors and processes that affect the 
outcomes of interest, so there is rarely one factor, such as weight, that drives 
everything. He stated that the challenge is to ensure that the translation of 
a model’s results emphasizes this multifactorial complexity to communicate 
the full story. 

FINAL REFLECTIONS

Patty Mabry, interdisciplinary scientist at HealthPartners Institute, 
delivered final reflections on the workshop’s discussions about applying 
systems science approaches to obesity solutions. She also included in her 
remarks additional content not covered by the speakers. 

Mabry commended Homer’s chart comparing characteristics of three 
simulation approaches for systems science modeling (see Figure 2-1 in 
Chapter 2), and added that an entire field of network science and its sub-
fields exists within the column for microsimulation or agent-based models. 
She also referenced Homer’s blueprint for an ideal, well-funded project, and 
suggested that another important component is providing tailored educa-
tion to different stakeholders about appropriate uses and expectations of 
a model. She reminded participants that models are not reality; they are 
simplified versions of reality that provide a better understanding of complex 
problems. When models are developed with stakeholder input, she argued, 
they reflect the perspectives and experiences of those stakeholders. 

Mabry next recalled Lee’s presentation about the Virtual Population 
Obesity Prevention Labs and the synthetic population it built using census 
data. She referenced secondary sources of data for populating systems 
science models, including FIGSHARE; Research Triangle Institute’s U.S. 
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Synthetic Household Population; Social Science One (data from private 
industry sources, such as Facebook); SyntheticMass (1 million synthetic 
electronic health records); and All of Us Research Hub, a new NIH research 
program that is collecting longitudinal data from participants of all back-
grounds to support efforts to reduce health disparities and improve health 
equity, among other purposes.

Mabry touched on sources for data on social determinants of health, 
highlighting the NIH PhenX Toolkit and a number of additional sources 
on the Centers for Disease Control and Prevention’s website (RTI Interna-
tional, 2020a,b). She pointed out that most data on social determinants of 
health are available at the aggregate level, and that individual-level mea-
sures are often not available. 

Mabry then called participants’ attention to work from Kevin Hall and 
colleagues that involved developing and validating a quantitative math-
ematical model of the dynamics of childhood growth and obesity (Hall et 
al., 2013). She supported reusing systems science models when appropriate, 
pointing to the Hall team’s model as one that could be applied to other 
modeling efforts. 

Mabry next emphasized the importance of spatial models, referencing 
the map of healthy food priority areas in Baltimore presented by Buzogany 
and SALURBAL’s spatially explicit model of urban transport and mobil-
ity policy (see Chapter 3). Such models are important for understanding 
inequalities in health, she maintained, because the spatial environments for 
food and physical activity are critical factors in these inequalities. 

Systems science methods are motivated by complexity in behavioral 
and social science data, Mabry stated, and she detailed aspects of this 
complexity: temporal properties, spatial properties, network structures, 
 hierarchical and nested structures, feedback loops, variation at the indi-
vidual and group levels, mediating and moderating variables, and nonlinear 
and non parametric properties. She shared a figure depicting the complex 
context of health disparities and obesity (see Figure 4-1), in which a con-
tinuum of biological and social factors is portrayed as extending across the 
lifespan.

Mabry then reiterated the value of self-reflection and self-correction 
for enabling progress in modeling. Humans do not always solve complex 
problems, she suggested, because doing so takes hard work and com-
plex solutions. She quoted a statement by advice columnist Ann Landers: 
“Opportunities are usually disguised as hard work, so most people don’t 
recognize them.” She maintained further that people tend to pursue low-
hanging fruit—easy opportunities waiting to be seized and requiring little 
expenditure of effort. But that is not how most complex problems work, 
she insisted, urging participants to “go for the hard part.” Mabry also 
highlighted Thinking in Systems: A Primer, a book by scientist Donella 
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FIGURE 4-1 The complex context of health disparities and obesity: Health as a continuum 
of biological and social factors across the lifespan. 
SOURCES: Presented by Patty Mabry, September 16, 2020; adapted from Glass and McAtee, 
2006. 

Meadows, as a good starting point for learning about systems thinking. 
According to Mabry, a key portion of this book is Chapter 6, in which the 
author explains that the easy places to intervene in a system will offer 
the lowest return on investment, while the most difficult places will net the 
greatest return. 

Next, Mabry enumerated challenges in systems modeling that make 
it a difficult endeavor: finding appropriate sources of data, particularly 
longitudinal data; maintaining stakeholder engagement (i.e., with policy 
makers, health care systems, or businesses); dealing with impatience to 
produce actionable results, particularly for policy makers who have limited 
time in office; building interdisciplinary teams and communicating across 
disciplinary boundaries; doing what one knows instead of learning what 
one should do (i.e., lack of self-efficacy); relying too much on randomized 
controlled trials as the gold standard for evidence, because this is not the 
best method for every research problem or question; following through on 
the course of action that a model indicates, particularly when doing so runs 
counter to one’s ideology; and dealing with the “prevention conundrum,” 
which Mabry described as the difficulty of proving that an intervention 
indicated by a model avoided an impending fate. To illustrate this latter 
challenge, she recounted Lee’s earlier example (see Chapter 3) of a model 
indicating that increasing physical activity to a certain level for at least half 
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of the U.S. youth population would avert billions of dollars in medical care 
costs and lost productivity. It is difficult to convince people to take action 
based on these modeling results because they did not feel the pain of paying 
those billions of dollars, she explained, and they will not receive billions 
of dollars back in cash or some other tangible form by taking such action. 

Mabry moved on to the topic of recruiting systems modeling teams, 
detail ing various types of stakeholders and experts to consider including, 
such as health geographers or other experts who know how to integrate 
spatial information into models, modelers themselves, community mem-
bers, and policy makers. She drew an analogy comparing these players to 
bricks and another player, interdisciplinary scientists, to the mortar between 
the bricks, emphasizing the importance of including team members who can 
facilitate communication across disciplinary boundaries. 

Mabry closed her presentation with a list of additional resources for 
those who wish to delve further into systems modeling (see Box 4-1). 
She also outlined potential future directions for systems modeling efforts 
(see Box 4-2), emphasizing the value of building a community of systems 
scientists. She suggested that this latter good would be enabled by more 
coordination and perhaps a new society dedicated to the topic, and would 
benefit from increased sharing and repurposing of research assets. She 
also highlighted the need for funding to form community-based research 
relationships and to educate practitioners in the use of systems science to 
inform research priorities.
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BOX 4-1 
Additional Systems Science Resources

Course
•   Modeling classes delivered by Nathaniel Osgood at the University of 

Saskatchewan (https://www.cs.usask.ca/faculty/ndo885/Classes/index.
html, accessed December 3, 2020)

Websites and Organizations 
•   Computer Simulation and Advanced Research Technologies (http://www.

csart-world.com, accessed December 3, 2020) 
•   National Collaborative on Childhood Obesity Research Envision (https://

www.nccor.org/envision, accessed December 3, 2020) 
•   Society for Prevention Research 2007 Symposia Series on Systems 

Science and Health (https://www.preventionresearch.org/conferences/
training/2007-symposia-series-on-systems-science-and-health, accessed 
December 3, 2020) 

•   Systems Science in Health (https://healthmodeling.org, accessed Decem-
ber 3, 2020) 

•   United Kingdom Prevention Research Partnership System-Science in 
Public Health and Health Economic Research (https://sipher.ac.uk, ac-
cessed December 3, 2020) 

Publications and Books
•   Kim, D. Forthcoming book on applications of modeling and simulation 

methods to public health and social epidemiology to be published by 
Wiley & Sons.

•   Mabry, P. L., and R. M. Bures. 2014. Systems science for obesity-related 
research questions: An introduction to the theme issue. American Journal 
of Public Health 104(7):1157–1159. 

•   Meadows, D. H. 2008. Thinking in systems: A primer. White River Junction, 
VT: Chelsea Green Publishing Company. 

•   Sterman, J. D. 2006. Learning from evidence in a complex world. American 
Journal of Public Health 96(3):505–514.

SOURCE: Presented by Patty Mabry, September 16, 2020. 
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BOX 4-2 
Potential Future Directions for Systems Modeling Efforts

•   Addressing the root causes of inequalities in the distribution of obesity
•   Fostering cross-sector stakeholder engagement
•   Developing geographically explicit models and involving health geographers 

to explore disparities
•   Procuring funding to form community-based research relationships
•   Pressuring funders to support education for practitioners in the use of systems 

science to inform research priorities
•   Undertaking more comparative modeling efforts 
•   Leveraging artificial intelligence and data science in modeling
•   Using the resources available to keep learning
•   Pursuing interdisciplinary collaborations
•   Building a community of systems scientists and better coordinating and  reusing 

research assets
•   Realigning the incentives in the research system

SOURCE: Presented by Patty Mabry, September 16, 2020.
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Using Systems Applications to Inform Obesity Solutions:  
A Virtual Workshop

Wednesday, September 16, 2020
Online via Zoom

Goals:
• Encourage and engage researchers and decision makers in using 

systems modeling techniques as an approach for better understand-
ing of the obesity epidemic—both causes and solutions—more ef-
fectively and efficiently. 

• Help inform decision making within policy and programmatic 
areas.

• Illustrate real-world applications. 

INTRODUCTION

10:00 AM  Nicolaas (Nico) Pronk, Chair, Roundtable on Obesity Solutions

THE PROMISES AND PITFALLS OF SYSTEMS MODELING:  
A PRACTITIONER’S PERSPECTIVE

10:05 Jack Homer, Homer Consulting
 

Appendix A

Workshop Agenda
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MAIN SESSION: THE USEFULNESS OF SYSTEMS MODELING FOR 
STAKEHOLDERS IN DIFFERENT SECTORS

10:30 Business/Private Sector (Project Play)
 Moderator: 
 Jamy Ard, Wake Forest School of Medicine and Wake Forest 

Baptist Weight Management Center

 Panel: 
 Tom Farrey, The Aspen Institute
 Bruce Y. Lee, City University of New York
 Dev Pathik, Sports Facilities Companies

11:30 Break

11:45 Communities (Baltimore, Maryland)
 Moderator: 
 Sara Czaja, Weill Cornell Medical College

 Panel:
 Joel Gittelsohn, Johns Hopkins University
 Bruce Y. Lee, City University of New York
 Sarah Buzogany, City of Baltimore Department of Planning

12:45 PM Lunch Break

1:15 Policy Makers
  Moderator: 
 Stella Yi, New York University Grossman School of Medicine

 Panel:
 Ana Diez Roux, Drexel University
 Brent Langellier, Drexel University
  Felipe Montes Jimenez, Universidad de Los Andes, Bogotá, 

Colombia

NEXT STEPS

2:15 Moderators: 
 Nicolaas (Nico) Pronk, Chair, Roundtable on Obesity  Solutions; 

HealthPartners, Inc.
 Christina Economos, Tufts University
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 Reflectors:
 Doug Luke, Washington University in St. Louis
 Sara Czaja, Weill Cornell Medicine
 David Mendez, University of Michigan
 Jamy Ard, Wake Forest School of Medicine and Wake Forest 

Baptist Weight Management Center
 Stella Yi, New York University Grossman School of Medicine
 Daniel E. Rivera, Arizona State University
 Bruce Y. Lee, City University of New York

FINAL REFLECTIONS

3:15 Patricia (Patty) Mabry, HealthPartners Institute 

CLOSING

3:40  Christina Economos, Co-Vice Chair, Roundtable on Obesity 
Solutions

3:45 Adjourn
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BLIFE Baltimore Low Income Food Environment
BMI body mass index
BRT bus rapid transit

CDC Centers for Disease Control and Prevention

NHANES National Health and Nutrition Examination Survey
NIH National Institutes of Health

PHICOR Public Health Informatics, Computational, and Operations 
Research

SALURBAL  Salud Urbana en América Latina (Urban Health in Latin 
America) 

VPOP Virtual Population Obesity Prevention Labs

Appendix B

Acronyms and Abbreviations
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Jamy D. Ard, M.D., is a professor in the Department of Epidemiology and 
Prevention and the Department of Medicine at the Wake Forest University 
Baptist Medical Center and the co-director of the Wake Forest Baptist 
Health Weight Management Center. He served as the chief resident in 
 internal medicine at Duke University and received formal training in clinical 
research as a fellow at the Center for Health Services Research in Primary 
Care at the Durham VA Medical Center. Dr. Ard’s research interests include 
clinical management of obesity and strategies to improve cardiometabolic 
risk using lifestyle modification, focusing on developing and testing medi-
cal strategies for the treatment of obesity in special populations, including 
 African Americans, those with type 2 diabetes, and older adults. Since 
1995, he has conducted research on lifestyle modification; participated in 
several major National Institutes of Health (NIH)-funded multicenter  trials; 
and received research funding from a variety of federal and foundation 
sources, including NIH and the Robert Wood Johnson Foundation. His 
work has been published in numerous scientific journals and he has been 
a featured presenter at national and international conferences and work-
shops dealing with obesity. Dr. Ard has served on several expert panels and 
guideline development committees and is currently serving on the editorial 
board for the American Journal of Clinical Nutrition and the International 
Journal of Obesity. He received an M.D. and completed internal medicine 
residency training at the Duke University Medical Center.

Sarah Buzogany, M.S., is the food resilience planner for the Baltimore Food 
Policy Initiative. She provides direct support to the food policy director 

Appendix C

Biographical Sketches of  
Workshop Speakers and Moderators
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and works to implement the Healthy Food Priority Area Strategy, analyze 
policies and best practices, and manage grants. Ms. Buzogany’s major focus 
areas include equity in the food system, food environment mapping and 
analysis, food resilience and emergency response, and urban agriculture. 
Previously, she worked on sustainable agriculture policy at the state and 
national levels, managed a farmers’ market, and researched innovative 
farmer-to-consumer and nutrition education models. Ms. Buzogany earned 
an M.S. in food policy and applied nutrition from Tufts University and 
holds bachelor’s degrees in sustainable agriculture and Spanish from the 
University of Kentucky.

Sara J. Czaja, Ph.D., M.S., is a professor of gerontology and the direc-
tor of the Center on Aging and Behavioral Research in the Division of 
 Geriatrics and Palliative Medicine at Weill Cornell Medicine and an emeri-
tus professor of psychiatry and behavioral sciences at the University of 
Miami Miller School of Medicine. She is also the director of the National 
Institutes of Health’s Center for Research and Education on Aging and 
Technology Enhance ment and the co-director of the Center for Enhancing 
Neuro cognitive Health, Abilities, Networks, & Community Engagement. 
Dr. Czaja’s research interests include aging-related cognition, technology, 
and work; caregiving; training; and functional assessment. She is a  fellow 
of the American Psychological Association (APA), the Human Factors and 
 Ergonomics Society, and the Gerontological Society of America. Dr. Czaja 
has served as the past president of Division 20 (Adult Development and 
 Aging) of APA and as a member of several committees and boards of 
the  National Academies of Sciences, Engineering, and Medicine. Dr. Czaja 
 received the 2015 M. Powell Lawton Distinguished Contribution Award 
for Applied Gerontology from APA, the 2013 Social Impact Award for the 
Association of Computing Machinery, and the Franklin V. Taylor Award 
from Division 21 of APA, as well as numerous other awards from national 
organizations. Dr. Czaja holds an M.S. and a Ph.D. in industrial engineering 
from the State University of New York at Buffalo.

Ana Diez Roux, M.D., Ph.D., M.P.H., is the dean and a distinguished 
university professor of epidemiology in the Drexel University Dornsife 
School of Public Health. Before joining Drexel University, she served on 
the faculties of Columbia University and the University of Michigan, where 
she was the chair of the Department of Epidemiology and the director of 
the Center for Social Epidemiology and Population Health. Dr. Diez Roux 
researches the social determinants of population health and how neigh-
borhoods  affect health, the results of which have been highly influential 
in the policy  debate on population health and its determinants. Recent 
areas of work include social environment–gene interactions and the use of 
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complex systems approaches in population health. With funding from the 
National Institutes of Health and foundations, she has led large research 
and training programs in the United States and in collaboration with vari-
ous institutions in Latin America, and has been the principal investigator of 
grants totaling more than $30 million. Dr. Diez Roux has been a member 
of the MacArthur Network on Socioeconomic Factors and Health, and was 
the co-director of the Network on Inequality, Complexity and Health. She 
earned an M.D. from the University of Buenos Aires, and holds a Ph.D. and 
an M.P.H. from the Johns Hopkins School of Hygiene and Public Health.

Christina Economos, Ph.D., M.S., is a professor, the New Balance Chair 
in Childhood Nutrition, and the chair of the Division of Nutrition Inter-
ventions, Communication, and Behavior Change at the Tufts University 
Friedman School of Nutrition Science and Policy. She leads a research team 
studying behavioral interventions, strategic communications, and promo-
tion of physical activity using a systems approach to reduce childhood 
obesity. Dr. Economos has authored more than 150 scientific publications 
and is also the co-founder and the director of ChildObesity180, a unique 
organization that brings together leaders from diverse disciplines to gener-
ate urgency and find solutions to the childhood obesity epidemic. She is 
involved in national obesity and public health activities, and has served on 
four National Academies of Sciences, Engineering, and Medicine commit-
tees, including the Roundtable on Obesity Solutions and the Committee 
on an Evidence Framework for Obesity Prevention Decision Making. Dr. 
Economos earned a B.S. from Boston University, an M.S. in applied physi-
ology and nutrition from Columbia University, and a Ph.D. in nutritional 
biochemistry from Tufts University.

Tom Farrey is the executive director of The Aspen Institute’s Sports and 
Society Program, the mission of which is to convene leaders, facilitate 
dialogue, and inspire solutions that help sports serve the public interest. 
The program’s signature initiative is Project Play, which, since 2013, has 
mobilized hundreds of organizations to build healthy communities through 
sports. A pioneering journalist, Mr. Farrey worked for 21 years with ESPN. 
His reports helped build the reputation of the television program Outside 
the Lines, which won two Emmy awards, an Edward R. Murrow award, 
and in 2014, the Alfred I. duPont–Columbia University award, which 
was ESPN’s first. He is the author of the influential book Game On: The 
All-American Race to Make Champions of Our Children. Mr. Farrey is a 
graduate of the University of Florida.

Joel Gittelsohn, Ph.D., is a professor in the Center for Human Nutrition and 
the Global Obesity Prevention Center of the Department of International 
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Health at the Johns Hopkins Bloomberg School of Public Health. He is 
a public health nutritionist and a medical anthropologist who focuses 
on developing, implementing, and evaluating community-based programs 
for the primary prevention of chronic disease in disadvantaged ethnic 
 minority populations. With more than 300 publications, Dr. Gittelsohn has 
led multiple food source–centered intervention trials aimed at improving 
the food environment and providing education needed to support healthy 
food choices and reduce obesity and diabetes in Native communities, in 
Baltimore City, and in Pacific Islander communities. He developed a multi-
institutional program for diabetes prevention in seven First Nations schools 
and food stores, which has been extended to 11 American Indian commu-
nities, and includes worksites, social media, and policy components. Dr. 
Gittelsohn has conducted a series of intervention trials with corner stores, 
carry-outs, wholesalers, churches, and recreation centers in Baltimore City. 
These studies have shown success in increasing healthy food purchasing 
and consumption, reducing obesity, and improving the stocking and sales of 
healthier foods. More recently, he has begun to use systems science methods 
in his work, simulating policies to improve the urban food environment, 
and to engage and work with stakeholders in both urban and rural settings. 
Dr. Gittelsohn earned a Ph.D. from the University of Connecticut.

Jack Homer, Ph.D., is an expert in system dynamics simulation modeling, a 
former faculty member at the University of Southern California, and a full-
time consultant to private and public organizations since 1989. His articles 
on modeling applications and methodology are frequently cited, and many 
are published in the books Models That Matter (2012) and More Models 
That Matter (2017). In the health sector, Dr. Homer has completed model-
ing projects for federal agencies including the Centers for Disease Control 
and Prevention (CDC), the National Institutes of Health, the Centers for 
Medicare & Medicaid Services, the U.S. Food and Drug Administration, 
the Veterans Health Administration, and foundations, think tanks, and 
state and county health departments. He has developed models for The 
Rippel Foundation’s ReThink Health initiative since its inception in 2011. 
Dr. Homer is the recipient of several awards from the International Sys-
tem Dynamics Society, CDC, AcademyHealth, and the Applied Systems 
Thinking Institute. He holds a Ph.D. from the Massachusetts Institute of 
Technology, where he studied system dynamics and economics and wrote 
his dissertation on the adoption and evolution of new medical technologies.

Brent Langellier, Ph.D., M.A., is an assistant professor of health manage-
ment and policy and a health disparities researcher using complex systems 
methods to understand the mechanisms that contribute to disparities and 
to identify policy levers to address disparities. He co-leads the systems 
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working group of the Salud Urbana en América Latina (SALURBAL) study, 
in which a multidisciplinary team of researchers uses group-based and 
agent-based modeling to examine drivers of health in Latin American  cities. 
Dr. Langellier earned an M.A. in Latin American studies and a Ph.D. in 
community health sciences from the University of California, Los Angeles.

Bruce Y. Lee, M.D., M.B.A., is a professor of health policy and man-
agement at the City University of New York Graduate School of Public 
Health. He is also the executive director and the founder of Public Health 
Informatics, Computational, and Operations Research, and a professor by 
courtesy at the Johns Hopkins Carey Business School. Previously, Dr. Lee 
has served as an associate professor of international health at the Johns 
Hopkins Bloomberg School of Public Health, the executive director of the 
Global Obesity Prevention Center, the director of operations research at 
the International Vaccine Access Center, an associate professor at the Uni-
versity of Pittsburgh, a senior manager at Quintiles Transnational, and a 
researcher in biotechnology equity at Montgomery Securities. He has been 
a principal investigator for projects supported by organizations including 
the Bill & Melinda Gates Foundation; the National Institutes of Health; 
the Agency for Healthcare Quality and Research; the Centers for Disease 
Control and Prevention; UNICEF (United Nations Children’s Fund); The 
Global Fund to Fight AIDS, Tuberculosis and Malaria; and the U.S. Agency 
for International Development. Dr. Lee has served on numerous advisory 
boards and committees; has authored 3 books and more than 200 scientific 
publications; and has contributed to media outlets such as Forbes, Time, 
and The Guardian. He received a B.A. from Harvard University, an M.D. 
from Harvard Medical School, and an M.B.A. from the Stanford Graduate 
School of Business, and he completed internal medicine residency training 
at the University of California, San Diego.

Douglas Luke, Ph.D., is the Irving Louis Horowitz Professor in Social 
Policy and the director of the Center for Public Health Systems Science at 
Washington University in St. Louis. He focuses primarily on the evaluation, 
dissemination, and implementation of evidence-based public health policies. 
Over the past decade, Dr. Luke has used systems science methods, especially 
social network analysis and agent-based modeling, to address important 
public health problems. He published the first review papers on network 
analysis in public health in 2007 and on systems science methods in public 
health in 2012, and has authored books on multilevel modeling and net-
work analysis. Under Dr. Luke’s leadership, the Center for Public Health 
Systems Science has used network analysis to study the diffusion of scien-
tific innovations, model the formation of organizational collaborations, and 
study the relationship of mentoring to future scientific collaboration. He 
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has served as a member of the Institute for Public Health, the director of 
evaluation for the Institute of Clinical and Translational Science, a found-
ing member of the Washington University Network of Dissemination and 
Implementation Researchers, and a member of an Institute of Medicine 
panel on the use of agent-based modeling for tobacco regulatory science. 
Dr. Luke holds a Ph.D. from the University of Illinois.

Patricia (Patty) L. Mabry, Ph.D., is an interdisciplinary scientist at Health-
Partners Institute, where she applies cutting-edge research methodologies 
(e.g., modeling and simulation, data science, network science, artificial 
intelligence) to a variety of topics, including issues in health care, the bio-
medical research workforce, tobacco control, and health disparities. She is 
currently the principal investigator on a project to develop a quantitative 
simulation model to understand the best strategies for improving colorectal 
cancer screening. Dr. Mabry spent more than a decade at the National Insti-
tutes of Health (NIH), where she held senior positions in the Office of Dis-
ease Prevention and the Office of Behavioral and Social Sciences Research, 
and she founded the NIH systems science program. She was the founding 
executive director and a senior research scientist at the Indiana University 
Network Science Institute from 2015 to 2019, and started her career at the 
Medical University of South Carolina, where she conducted research on 
tobacco cessation. Dr. Mabry has published on tobacco cessation, tobacco 
policy modeling, systems science, and reproducibility, and she contributed 
to the 2014 Surgeon General’s Report on the health consequences of smok-
ing. She also co-led the Envision Collaborative Obesity Modeling Network, 
chaired the 3rd International Meeting on Social Computing Behavioral 
Modeling and Prediction, and chaired the federal interagency Tobacco 
Policy Modeling Meeting. Dr. Mabry has received awards for teaching and 
federal service, including the inaugural Applied Systems Thinking Award. 
She holds a Ph.D. in clinical psychology from the University of Virginia and 
is a fellow of the Society of Behavioral Medicine.

David Mendez, Ph.D., is an associate professor in the Department of 
Health Management and Policy at the University of Michigan School 
of Public Health. His research has focused on areas of smoking control, 
product and service quality on demand, and policies regarding residen-
tial radon using complex systems science research and methodologies. 
Dr. Mendez is associated with the Decision Sciences Institute and the 
Institute for  Operations Research and the Management Sciences. He has 
served on two National Academies of Sciences, Engineering, and Medi-
cine consensus study committees and one planning committee related to 
tobacco  research and systems science approaches to improve population 
health. Dr.  Mendez received a B.S. in civil engineering, an M.S. in applied 
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statistics and operations  research, and a Ph.D. in management science 
from Michigan State University.

Felipe Montes Jimenez, Ph.D., M.Sc., is an associate professor of the Depart-
ment of Industrial Engineering at Universidad de Los Andes, the  director of 
the Master in Analytics program, and the director of the Social and Health 
Complexity Center. His work is focused on applying computational and data-
driven complex systems methods for exploring the social contagious nature 
of chronic diseases and epidemics, and he provides expertise in apply ing 
social network analysis, system dynamics, and agent-based  models to char-
acterize healthy behaviors in communities for informing inter ventions and 
policy making. Dr. Montes Jimenez also has experience as a consultant and 
a policy maker, and before his academic appointment, he was the director 
for quality assurance of higher education at the Ministry of Education of 
Colombia. He was recently awarded the Fogarty Global Health fellowship 
of the National Institutes of Health. Dr. Montes Jimenez holds an M.Sc. and 
a Ph.D. in industrial engineering from Universidad de Los Andes.

Dev Pathik is the chief executive officer and the founder of Sports  Facilities 
Companies. In 2003, he founded the Sports Facilities Advisory (SFA), an 
industry leader in strategy, program planning, and project finance. Mr. 
Pathik has dedicated more than 25 years to the development of  numerous 
businesses that empower and develop communities. His leadership has 
produced facilities that integrate traditional sports with special events, 
adventure sports, education, leadership development, and amusement to 
turn early concepts into financeable and sustainable facilities that make 
a difference in communities. Mr. Pathik’s work and expertise have been 
featured by The Wall Street Journal, Forbes, MarketWatch, SportsBusiness 
Journal, Sports Travel Magazine, CNBC, NBC, The Aspen Institute’s Sports 
and Society Program, the National Association of Sports Commissions, 
the  National Recreation and Park Association, and many others. Prior to 
founding SFA, he founded Global Adventures, an international ecotour-
ism company. Mr. Pathik holds a bachelor’s degree from the University of 
Maryland.

Nicolaas (Nico) P. Pronk, Ph.D., M.A., FACSM, FAWHP, is the president of 
the HealthPartners Institute and the chief science officer at  HealthPartners, 
Inc., and is an adjunct professor of social and behavioral sciences at 
the  Harvard T.H. Chan School of Public Health and an affiliate pro-
fessor of health policy and management at the University of Minnesota 
School of Public Health. His work is focused on connecting evidence of 
effectiveness with the practical application of programs, practices, policies, 
and systems for workplaces, care delivery settings, and communities. He 
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develops new models to improve health and well-being at the research, 
practice, and policy levels, and his research interests include workplace 
health and safety, obesity, physical activity, and systems approaches to 
population health and well-being. Dr. Pronk served as the co-chair of the 
U.S. Secretary of Health and Human Services’ Advisory Committee on 
National Health Promotion and Disease Prevention Objectives for 2030 
(Healthy People 2030), and he served as a member of the Community 
Preventive Services Task Force. He is the founder and past president of the 
International Association for Worksite Health Promotion and has served on 
boards and committees at the National Academies of Sciences, Engineering, 
and Medicine; the American Heart Association; the Health Enhancement 
Research Organization; and others. Dr. Pronk is a widely published author 
and an international speaker on population health and health promotion. 
He received a Ph.D. in exercise physiology at Texas A&M University 
and completed postdoctoral studies in behavioral medicine at the Western 
 Psychiatric Institute and Clinic at the University of Pittsburgh Medical 
Center.

Daniel E. Rivera, Ph.D., is a professor of chemical engineering and the pro-
gram director of the Control Systems Engineering Laboratory at  Arizona 
State University (ASU). In 1990, he joined the faculty in the Department 
of Chemical, Biological and Materials Engineering at ASU. Prior to join-
ing ASU, Dr. Rivera was an associate research engineer in the control sys-
tems section of Shell Development Company. He has also been a visiting 
 researcher with the Division of Automatic Control at Linköping University, 
Sweden; Honeywell Technology Center; the Saints Cyril and Methodius 
University in Skopje, Macedonia; the National Distance Learning Univer-
sity in Madrid, Spain; and the University of Almería in Andalucía, Spain. 
Dr. Rivera’s research interests include the topics of robust process control; 
system identification; and the application of control engineering principles 
to problems in process systems, supply chain management, and prevention 
and treatment interventions in behavioral medicine. He was chosen as the 
1994–1995 Outstanding Undergraduate Educator by the ASU student chap-
ter of the American Institute of Chemical Engineers and was a recipient of 
the 1997–1998 Teaching Excellence Award from the College of  Engineering 
and Applied Sciences at ASU. In 2007, Dr. Rivera was awarded a K25 Men-
tored Quantitative Research Career Development Award from the  National 
Institutes of Health to study control systems approaches for fighting drug 
abuse. He was designated as a distinguished member by the Institute of 
Electrical and Electronics Engineers Control Systems Society in 2019. Dr. 
Pronk received a Ph.D. in chemical engineering from the  California Institute 
of Technology in 1987 and holds an M.S. and a B.S. from the University of 
Rochester and the University of Wisconsin–Madison, respectively.
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Stella Yi, Ph.D., M.P.H., is an assistant professor in the Department of Pop-
ulation Health at the New York University Grossman School of Medicine. 
She is a cardiovascular epidemiologist, and her research is grounded in the 
application of rigorous methods—including mixed methods, community-
partnered systems science, and implementation science—to address issues 
and inform policy making and program implementation in real-world and 
community settings to improve health equity. Dr. Yi’s specific areas of ex-
pertise are policy and community-partnered programs for urban immigrant 
populations, including Asian Americans; nutrition and lifestyle behaviors; 
and cardiometabolic disease. She holds a Ph.D. from the Johns Hopkins 
Bloomberg School of Public Health and an M.P.H. from the Yale School 
of Public Health.

http://www.nap.edu/25900


Using Systems Applications to Inform Obesity Solutions: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/25900


Using Systems Applications to Inform Obesity Solutions: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

81

Agent-based modeling uses computer simulation to study complex systems 
from the ground up by examining how individual elements of a system 
(agents) behave as a function of individual properties, their environment, 
and their interactions with each other. Through these behaviors, emergent 
properties of the overall system are revealed (Luke and Stamatakis, 2012).

Community-based system dynamics differs from other group model building 
or participatory modeling approaches because of its explicit focus on devel-
oping systems thinking capabilities among community members, includ ing 
an endogenous or feedback perspective, appreciation for non linear system 
behavior, and an emphasis on operational thinking ( Hovmand, 2014).

Complex systems are made up of heterogeneous elements that interact with 
each other. The interactions of these elements produce a unique effect that 
is different from the effects of just the individual elements (Gallagher and 
Appenzeller, 1999).

Group model building is a participatory approach that is used to build the 
capacity of a group to use systems thinking to develop causal loop diagrams 
and other system dynamics models (Siokou et al., 2014).

Network analysis is a research method and scientific paradigm that focuses 
on the relationships among sets of actors. The actors can be any type of 
entity that can have a relationship or tie with other entities (e.g., persons, 
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animals, organizations, countries, websites, documents, and even genes) 
(Luke and Stamatakis, 2012).

System dynamics is based on the premise that complex behaviors of a system 
result from the interplay of feedback loops, stocks and flows, and delays. 
The focus is on building models to represent the dynamic complexity of col-
lective, often high-level, phenomena (Luke and Stamatakis, 2012). 

Systems science approaches are a broad class of analytical approaches that 
aim to uncover the behavior of complex systems. A distinction is made 
between hard systems methods (e.g., quantitative dynamic model building) 
and soft systems methods (e.g., qualitative, action-based research methods) 
(Carey et al., 2015). Throughout the publication systems science “applica-
tions,” “approaches,” “methods,” and “models” are used interchangeably 
to describe the analytical methodologies and tools defined here. 

Systems thinking is a broad paradigm concerned with interrelationships, 
perspectives, and boundaries (Williams and Hummelbrunner, 2011).
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