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This case study describes the application of a theory-informed, stakeholder-driven intervention with a group of 19 multi-sector stakeholders from an existing coalition to promote whole-of-community change that supports childhood obesity prevention. The intervention applied community-based system dynamics to design and implement activities that promoted insights into the systems driving childhood obesity prevalence and helped participants prioritize actions to influence those systems. This led to three new priority areas for the coalition: addressing food insecurity; building power among historically marginalized voices within the community; and supporting advocacy efforts to promote community-wide change beyond the coalition’s previous focus on organizational-level policy, systems and environment change. The intervention spurred the application of community-based system dynamics to other health issues and in partner organizations, which demonstrates paradigm shifts about how to address complex public health issues in the community.
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Introduction

Excess weight gain during childhood is a complex, serious public health issue. It increases the risk of obesity in adulthood and associated chronic diseases such as diabetes, hypertension, and cardiovascular disease (1). In Greenville County, South Carolina, surveillance data from youth in grades two and five indicates that 35.7% experience overweight or obesity, which is similar to national prevalence estimates (2, 3). Prevalence is disproportionately higher among Greenville’s African American (41.4%) and Hispanic youth (50.4%) (4). Equitably and sustainably reducing childhood overweight and obesity requires a comprehensive approach that addresses multiple drivers of excess weight gain simultaneously, including socioeconomic factors and issues of racism that systematically disadvantage communities of color (5, 6). Community coalitions are an approach for promoting equity and mobilizing childhood obesity efforts across sectors and organizations within a community (7, 8). Coalitions provide an arena for developing relationships, pooling resources, gaining knowledge and skills, identifying community needs and strengths, and empowering members as agents of change (9).

LiveWell Greenville (“LiveWell”) is a coalition that works to reduce childhood obesity in Greenville County, South Carolina, in addition to supporting healthy eating and active living for all age groups. The coalition has worked with over 250 organizations representing healthcare, schools, governments, parks/recreation, community members, and faith-based and social service organizations. LiveWell staff promote healthy eating and active living by convening partners to impact policy, systems and environmental (PSE) changes throughout Greenville County. Since 2010, LiveWell has actively shaped PSEs where children and their families live, learn, work, pray and play by leading organizations through assessments of current practices and supporting adoption of national best practices. For example, LiveWell worked with Greenville County Schools from 2011–2014 to transform the Greenville County School District’s food services’ school menus by transitioning from reliance on heavily processed meals to menus featuring scratch-made, nutritious meals that exceeded the national Healthy, Hunger Free Kids Act standards of 2010. The change influenced the food options available at lunch for more than 76,000 students in the district (10). The coalition also led an effort to expand a 22-mile countywide trail system and helped shift policies to promote healthy eating and physical activity opportunities in more than 100 organizations, including churches and private businesses, reaching tens of thousands of Greenville residents from 2011 to 2020 (11).

Despite significant success in engaging local businesses, early childhood centers, schools, afterschool programs, and congregations in organizational PSE change, LiveWell realized the coalition could not directly support all groups in Greenville County that wanted to implement organizational-level change. The staffing that would be required to provide organizational-level technical assistance to implement PSE changes that resulted in population-level impact was not possible or sustainable within the coalition’s budget and fundraising capabilities. In 2019, it became apparent that the coalition needed a new approach to create whole-of-community change. The coalition re-tooled its strategy to shape the community-level systems that facilitate or hinder organizational changes, making it easier for organizations to pursue PSE change without direct support from the coalition. In systems thinking terms, LiveWell wanted to create “conditions of systems change” and identify “high-leverage” systems change opportunities (12, 13). Of the six conditions of systems change that include policies, practices, resource flows, relationships and connections, power dynamics, and mental models, LiveWell was already adept at influencing policies, practices, and relationships (8, 9). In their next phase of work, coalition leaders and advisory board members wanted to strengthen their ability to promote resource and information flows, shift power dynamics, and change mental models to normalize decisions and values supporting equity and access to healthy, culturally meaningful foods and physical activity opportunities across the whole community. The coalition believed that doing so could introduce a paradigm shift away from commonly held beliefs placing responsibility for health outcomes on individuals toward ones that posit that interconnected systems (e.g., social, economic, food, healthcare, education) strongly influence health outcomes, and that those systems could be shifted to promote health for everyone in the Greenville community.

To help achieve this shift, LiveWell partnered with ChildObesity180, a research group at Tufts University, and an expert in community-based system dynamics, on the Catalyzing Communities initiative in Greenville. Catalyzing Communities is a whole-of-community approach to decreasing obesity prevalence, improving health, and promoting health equity in communities around the country. Whole-of-community approaches for obesity prevention are multilevel in that they operate within multiple levels of the social ecological model (e.g., intervention targeting environments to effect individual-level behaviors) and multi-component, in that they employ more than one strategy to affect change (14). The Catalyzing Communities project that includes the partnership with LiveWell is guided by a theory called Stakeholder-driven Community Diffusion (SDCD) (15, 16) which focuses on the work of a multi-sector group of stakeholders and integrates systems science methods including community-based system dynamics (CBSD), agent-based modeling, and social network analysis, to guide and evaluate the group’s work. This case study focuses on the use of CBSD in Catalyzing Communities; the use of an agent-based model and social network analysis is discussed in other publications (17). The theory hypothesizes that knowledge of and engagement with childhood obesity prevention activities can be increased “upstream” (i.e., within the stakeholder group) and diffused through social network connections to set the conditions for “midstream” PSE change, which ultimately is hypothesized to result in “downstream” outcomes at the individual level, like improved child health (18). The SDCD framework informed a three-phased intervention that has been implemented in three different communities (19, 20).

This case study describes the process of implementing an SDCD-informed intervention with LiveWell, reports how the intervention influenced systems in the county, and compares the SDCD intervention to LiveWell’s previous approach to obesity prevention. The study illustrates an approach for working with a coalition to promote whole-of-community change and considers how it could be adapted and replicated in other communities.



Context

Greenville County covers 785 square miles, is one of the fastest growing counties in South Carolina and is the most populous. The county features rural farmland in the south and an urban city center with pockets of wealth and poverty. In 2021 the estimated county population was 523,542 and 22.9% of residents are under 18 years of age; 76.3% are white; 18.4% are African American; 9.5% are Hispanic (21). The median household income for 2015–2019 was $60,351, with 10.7% of the population living below the federal poverty level (22). In 2021, 42,980 individuals from 19,979 households participated in SNAP benefits (23). Out of the 92,584 total Full Benefit Medicaid members for Greenville County in 2019, 65% were children ages 0–18 and 28% adults ages 19–64 (24).



Intervention elements

In the SDCD-informed intervention implemented with LiveWell, two community partners or “changemakers” (SW, MF) worked closely with the research team (LC, KW, JA, TRM, EH, CDE) from ChildObesity180 and an expert in CBSD to co-design intervention activities. The intervention incorporated CBSD, which uses group model building to engage participants in understanding how a system produces trends over time through structured activities and the use of graphs, models, and other visuals (25). The participatory activities use system dynamics conventions to illustrate feedback mechanisms that create system behavior (26, 27). CBSD also emphasizes building capabilities through participation to empower communities to use the approach to understand and change systems (28).

The two LiveWell changemakers attended a CBSD training hosted by the research team in March 2019, then, with assistance from the research team, began identifying multi-sector stakeholders who could participate in the intervention in September 2019. To select participating organizations and sectors, the coalition first identified the sectors within the county that had a significant influence on youth obesity (e.g., school system, health system, local government, philanthropy, community representative). Once the sectors and corresponding influencing organizations were considered, individuals perceived to have a high ability to influence resources and decisions related to child obesity prevention activities within their individual organizations and the county were recruited to participate. Nineteen people from ten sectors (e.g., healthcare, local government, philanthropy) agreed to participate in monthly meetings from October 2019 through January 2020, and then again in June and July 2020. Two individuals declined to participate. They generally held leadership roles in their organizations, with job titles such as executive director, pastor, health director, community member, or program officer. The group of convened stakeholders called themselves the LiveWell Strategic Planning Committee (“the Committee”). The Committee members received a stipend for participating in approximately 30–50 h of intervention activities. The changemakers also receive a stipend for their role in the intervention. The changemakers and research team met weekly to co-design the Committee meetings. After the Committee meetings concluded, the changemakers continued to meet with the research team to advance the priorities identified by the Committee. The research team provided $5,000 to LiveWell as seed funding to kick-start community-level activities that aligned with Committee priorities. The Social, Behavioral and Educational Institutional Review Board at Tufts University approved this study.


Committee meetings

There were six Committee meetings held between October 2019 and July 2020 (four in person and two virtual). The Committee first met in October 2019, where the committee members, changemakers, and the research team introduced themselves. The central question that the Committee was exploring during meetings was “What are the factors that influence youth obesity in your community?” The group used a graph depicting stylized obesity rate trends over time in Greenville to ground the initial discussion and subsequent group model building activities. The group was encouraged to consider policy, systems, and environmental-level influences on youth obesity.

The facilitation team (changemakers and research team) led three group model building activities: “hopes and fears”, “graphs over time”, and “connection circles”. Details about these and other group model building activities, including freely available scripts for planning and facilitating group model building activities, are available elsewhere (29, 30). At the second Committee meeting in November, the group revisited trends over time and started building causal loop diagrams in small groups that showed how variables were connected in a system that influences the central problem trend of interest, childhood obesity rates in Greenville. The group continued working on causal loop diagrams in their third meeting in December. Between the third and fourth meetings, the research team and changemakers refined the diagrams by identifying similarities and differences in key variables and feedback loops across the small groups and integrating them into one causal loop diagram.

During the fourth meeting in January, the research team and changemakers presented the refined causal loop diagram back to the group and facilitated a discussion about system insights emerging from the diagram. Insights included the importance of the built environment for promoting physical activity and shaping food choices, time constraints limiting healthy food consumption, and the long-term health burdens of obesity, perpetuating high healthcare costs and limiting wealth to invest in healthy choices. Then the group discussed their priorities for where they wanted to intervene in the system depicted in the causal loop diagram. At that point the Committee decided to seek input from existing working groups from within LiveWell who were already working in areas that had surfaced during the Committee meetings, to add detail and other perspectives to the causal loop diagram.

The fifth Committee meeting was held virtually in June 2020 because of the COVID-19 pandemic. During that meeting, the Committee reviewed the causal loop diagram by subsystem, the key takeaways in each subsystem, and actions that had been generated by the group in the January meeting and mapped on to the causal loop diagram by the research team. The group then prioritized those areas considering things like scale (i.e., how many children would be reached), impact (whether LiveWell and the Committee could add value in the area), multi-sectoral contribution (whether the strategy aligns with the interests of multiple sectors), and timeline (how long it would take to see impact). Once the systems mapping was complete stakeholders participated in the “Places to Intervene” group model building activity, which uses a series of prompts to brainstorm potential solutions that could be mapped onto the systems map (31, 32). These solutions were then “ranked” by the stakeholders through group discussion and consensus on the dimensions of low to high impact and low to high feasibility, with lowest ranking interventions being those with low feasibility and low potential impact and the highest ranking being those that had high feasibility and high potential impact.

In the sixth and final Committee meeting (July 2020) the changemakers shared input from the working groups, and the research team presented a PowerPoint that highlighted evidence from peer-reviewed publications and consensus reports that aligned with the Committee’s ranked priorities. Members of LiveWell’s Leadership Team attended in addition to Committee members. The changemakers and research team facilitated the meeting, sharing an overview of the whole SDCD process; briefly summarizing scientific evidence about childhood obesity as a public health problem; highlighting key opportunities for action within the causal loop diagram the Committee created and associated evidence for why intervening on those opportunities could help improve child health; and then facilitating a discussion with the meeting attendees that resulted in approval of three action areas.

Once the GMB process was completed with the stakeholder group they were invited to join working groups around any of the areas identified as part of the GMB process in both formal (i.e., join workgroup as a formal member) or informally (i.e., provide ad hoc feedback and input). While stipends were no longer offered for this work, this was not a barrier to the majority of participants as most participated in the work as part of their formal employment. Beginning in 2021, the coalition instituted a process to provide compensation to community representatives who are not attending meetings as part of their employment in recognition of their time and expertise.



Prioritized action areas

To date, LiveWell adopted three new action areas that helped the coalition move beyond sector and/or organization-specific change toward a larger systemic vision for whole-of-community change. Coalition staff members attributed this shift towards a more systemic vision to the SDCD intervention. The three action areas were: (1) address food insecurity through better utilization of federally funded nutrition programs; better coordination among food security partners; creation of the food insecurity index; and ensuring equitable access in neighborhoods experiencing the highest levels of food insecurity, (2) address community power building by including more community members in coalition prioritization and decision making; developing a Food Equity Action Board to expand community involvement beyond the Food Security Coalition that already existed within LiveWell; and exploring other opportunities to engage community members in coalition decision making, and (3) engage in more specific and intentional advocacy in government, schools, churches, businesses, early childhood and other settings to drive community engagement and build allies in changing local and state policy. Figure 1 depicts a simplified version of the Committee’s whole causal loop diagram with colors highlighting areas of the system impacted by prioritized action.
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FIGURE 1
 How to read a causal loop diagram: Words are variables that can increase or decrease over time. Arrows indicate that a change in the initial variable leads to a change in the variable that the arrow is point to, all else equal. Positive signs indicate that the change happens in the same direction (i.e., an increase leads to an increase, or a decrease leads to a decrease). A negative sign indicates that the change happens in the opposite direction (i.e., an increase leads to a decrease, or a decrease leads to an increase). ‘R’ represents a reinforcing feedback loop where a change in an initial variable feeds through the loop and amplifies the change in the same direction (i.e., an initial increase leads to more of an increase in the initial variable). ‘B’ represents a balancing feedback loop where a change in an initial variable feeds through the loop and switches the direction of the change in that initial variable (i.e., an initial increase leads to a decrease in the initial variable).




Key insights guiding how LiveWell is addressing prioritized action areas

LiveWell has a long history of translating public health priorities into community-level work. The SDCD theory-informed intervention provided a new approach for considering the systems influencing public health trends and helping guide actions to prioritize in LiveWell’s 2021 Five-year Strategic Plan. Complimentary to the three action areas described above, the SDCD theory-informed intervention surfaced four key insights that suggested a need for a new group within LiveWell—the Food Equity Action Board—and new approaches for creating lasting change in the community. The insights aligned with several social determinants of health, including the food environment (i.e., food security, access, and availability), and political and social context (33). The insights highlight opportunities to direct community-based resources towards areas of high need and to engage in whole-of-community change, which has the potential for promoting health equity in Greenville.



Key insight 1: participation gaps in federal nutrition program participation

Federally funded nutrition programs were not being used to their full extent (Figure 1, “Federal Assistance”). For example, there was an observed 65% drop in Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) participation among eligible families after a child turns one; the Summer Meals Program was also underutilized, according to conversations with Summer Meals providers. One of the first efforts to increase use of federal nutrition programs was the initiation of a farmers’ market in partnership with a local Seventh Day Adventist Church that has a thriving urban garden in a lower resourced community in the City of Greenville. The Food Security Coalition developed marketing materials and assisted in building the infrastructure to accept Supplemental Nutrition Assistance Program (SNAP) benefits and double bucks (“Healthy Bucks”) at the market. The Coalition conducted a quality improvement project with participants to estimate demographics of farmers’ market shoppers, use of SNAP at the market, and to assess whether items sold at the market met shoppers’ needs. The research team provided additional funding beyond the intervention seed funding to support the farmers’ market survey, market gift cards as incentives for survey completion, and provided technical assistance to a graduate student who conducted and analyzed the survey.



Key insight 2: opportunity for more coordination among food security efforts

Many of Greenville County’s food security efforts were not coordinated efficiently. While the county has many organizations working to address hunger and food insecurity, their efforts were often siloed (e.g., no infrastructure to share excess foods or communicate global community needs) or duplicative (e.g., multiple agencies serving the same food pantries, at times leading to duplicative deliveries and reducing the total number of food pantries receiving donations). Additionally, many of these services are in the city center of Greenville, which is experiencing a high rate of gentrification that is pushing existing residents out of the city center, away from these existing services (Figure 1, “Effects of Moving”, and “Transportation”). LiveWell’s Food Security Coalition helps coordinate food security services, and the coalition added detail about food insecurity to the causal loop diagram (Figure 1, “Produce Consumption”, “Effects of Moving”). LiveWell used insights from the causal loop diagram to propose infrastructure investments (e.g., cold storage) for a portion of the county’s CARES Act allocations that aimed to support the County’s hunger relief efforts in high need areas. LiveWell was awarded $1.2 million dollars of Greenville County’s CARES Act allocations in response to a collaborative, multi-partner application directed toward hunger relief and food system development; the proposal was directly informed by the CLD insights.



Key insight 3: shift towards broad policy and systems change

There was a need to shift away from environmental-level change efforts within individual organizations towards building relationships and advocacy skills to influence broader policies and systems in the community. Examples of broader policy options include tax incentives to develop grocery stores in food insecure neighborhoods, implementing bilingual signage in parks and recreation spaces, and complete streets policies adopted by the county. The Committee agreed that maintaining strong relationships with formal and informal decision-makers and influential people should be a priority to increase community support for healthy eating and active living policy and systems change efforts. In practice, that meant the coalition would work towards building support for health-promoting policies among community members (lay leaders), elected officials, chambers of commerce, and other collaborative efforts rather than focusing on building relationships with individual schools, faith communities, or businesses (Figure 1, “Organizational Response”). Efforts with community members included developing a Food Equity Action Board and a Health Equity Action Leaders Board, composed of community lay community members with lived experience. Both groups met regularly with coalition staff and stakeholders and participated in a cohort-based learning experience about local health issues and how to advocate with their local officials about these issues. Additionally, LiveWell recently hired a Policy and Advocacy Director, with significant state and national legislative experience to work on the coalition’s behalf advocating for identified policy and systems changes at the city, county, and state levels.



Key insight 4: citizen engagement for lasting change

A more engaged citizenship is critical to make lasting change in the community (Figure 1, “Healthy Environment”). The coalition has extensive representation from organizations that have a vested interest in changing the youth obesity rates in Greenville County. Over its history, however, LiveWell has rarely created opportunities for meaningful, long-term engagement and leadership by lay citizens. The Food Security Coalition decided that future efforts should engage community members that have experienced food insecurity, lack of physical activity opportunities, and/or obesity. As a result, the coalition has committed to building infrastructure to shift the coalition from being community-informed, meaning that the opinions of the community members are sought in defining problems and potential solutions, to becoming community-led where community members are at the center of all the work (defining problems, and co-designing solutions, and implementation). The first step of this plan was to identify and meaningfully engage 10–12 community members in a Food Equity Action Board to guide the work of the Food Security Coalition. To date, a Food Security Community Mobilizer has been hired to facilitate and support the Food Equity Action Board, the initial group of board members have been selected, and the group has begun meeting. In addition to seed funding from Catalyzing Communities, LWG leveraged local foundation and federal grant dollars to support the following implementation activities: start the board by hiring a community member to consult on the planning efforts to ensure diversity and cultural appropriateness; provide stipends for Board participants; and implement efforts prioritized by the group.



Building capacity to use community-based system dynamics in Greenville

A core principle of CBSD is to build communities’ capacity to use group model building and systems dynamics concepts (24). This principle was realized, as demonstrated by the uptake and use of group model building for understanding systems by other LiveWell-supported initiatives beyond the initial activities in the SDCD intervention. The CBSD approach was adapted to assist in coalition building and planning efforts for several other active workgroups including: LiveWell Early Childhood; LiveWell at Worship’s Race Relations Subcommittee; and the Build Trust, Build Health Initiative. For example, LiveWell at Worship’s Race Relations Subcommittee used group model building to explore drivers of racial inequities in Greenville, including economic and education inequities. The process helped the multi-racial and multi-ethnic group share their perspectives, and at times deeply personal experiences, promoting a holistic view of many of the drivers and consequences of racial inequities in the community. The Subcommittee is using this understanding to advance racial equity in their community by engaging in advocacy for more transparency in local politics, state level policies to increase access to SNAP, and advocacy for grocery stores with a pharmacy in several neighborhoods. In addition, LiveWell’s Executive Director has provided technical assistance to other Greenville County coalitions wishing to employ group model building and CBSD principles in their work. Figure 2 shows the uptake of CBSD-informed projects in LiveWell, starting with the Stakeholder-driven Community Diffusion-informed intervention and spreading beyond the topic of childhood obesity to other important topics. LiveWell has a long history of using extensive community action plans to guide its work; however, the CBSD process brought a new level of sophistication to the plans, resulting in rapid and meaningful changes.
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FIGURE 2
 Diagram of actions, groups, and use of group model building stemming from a Stakeholder-driven Community Diffusion-informed intervention implemented with LiveWell Greenville (2019 – 2021).





Discussion

Since its inception, LiveWell has focused on PSE change approaches to support healthy eating and active living changes in Greenville County. Historically, much of this work focused on organizational policy change within sectors such as schools, work, out of school time, and faith-based settings. In 2019, LiveWell recognized the need to focus on community-level factors to effectively drive whole-of-community change. CBSD, an established approach employed in the SDCD intervention, provided an avenue to develop a collective and comprehensive understanding of the local contextual factors that were driving community-level obesity prevalence and its associated disparities. The approach also helped LiveWell gain traction to address food insecurity, particularly as the COVID19 pandemic further strengthened the need for better communication and collaboration among food security partners with a sense of urgency that was not felt in the past. This was due in part to the fact that food insecurity emerged as such a central component of the causal loop diagram that they developed together over the course of the intervention. The insights and priorities that surfaced during the intervention provided a strong foundation to seek funding that became available quickly through COVID-related relief funds. LiveWell was awarded $1.2 million in CARES Act funding that was immediately allocated toward priority areas identified during the SDCD intervention, as well as other priority areas identified by the coalition. Moreover, the novel approaches helped LiveWell establish new partnerships and supported multi-sector partners in seeing their role in a complex system that affects health and well-being for all Greenville community members.

CBSD, group model building, and systems thinking have successfully been incorporated into other child obesity prevention interventions. In Australia, the GenR8 Change approach included group model building with over 100 community leaders and members who then committed to join working groups to plan and implement obesity prevention actions such as creating sugar free zones and promoting breastfeeding (34). The SDCD-informed intervention took a somewhat different approach than GenR8 by spending more time with the smaller multi-sector group in Greenville as they developed systems maps and insights. Partnering with a local “backbone” organization was similar in both studies (35). The same research group is conducting a cluster randomized control trial to test whether a participatory systems science intervention can strengthen community action for obesity prevention and whether actions can decrease risk factors for child obesity (36). In the US, the National Academies of Science’s Roundtable on Obesity Solutions used group model building to inform a strategic plan that researchers, organizations, and institutions can refer to as they engage in obesity prevention and treatment efforts (37). Another intervention created a systems science curriculum to engage African American youth in exploring environmental factors that influence obesity (38). Study findings suggest the approach may have changed youth’s perceptions about important drivers of obesity and lead to an increase in youth’s support for policy changes that promote healthier food environments (38). As the field of public health continues to emphasize the need to use systems thinking to address complex challenges, more applications of approaches like those used in the SDCD-informed intervention are likely to emerge (39–41).


Lessons learned for future applications of stakeholder-driven community diffusion-informed interventions

The insights that came out of the LiveWell—Catalyzing Communities partnership were important both in how they impacted follow-on work with LWG, and in how they helped shape future implementation of the SDCD-intervention in five communities that have since joined the Catalyzing Communities project.


Committee participation

The changemakers and research team learned that while selecting high-level leadership might mean they are powerful within their organization, it also meant that they might be removed from the day-to-day work of the coalition and their partners, and thus were less involved in the implementation of priorities identified through the intervention. If the coalition implemented the process again, it would choose a broader mix of stakeholders, ranging from community members to organizational leaders and decision-makers, that would continue to be engaged in implementing actions prioritized in the SDCD intervention. This shift is reflective of a broader change in implementation of the SDCD intervention in other communities engaged in the Catalyzing Communities project, as a way of bringing together voices that can inform a holistic view of a complex issue, valuing lived experience, empowering participants, and supporting relationship- and network-building across sectors and across the community.



Virtual engagement

COVID-19 made sustaining engagement of the group difficult, and the coalition had to transition to virtual platforms that required intentional planning and creative virtual solutions to facilitate the group model building process (42). The virtual resources developed as part of this process were integral to the group’s success and have been employed by the coalition across numerous workgroups to facilitate meaningful dialogue and action planning when in-person meetings were not possible.



Value of systems insights to expand and enhance coalition efforts

One of the challenges in engaging the Committee in developing the causal loop diagram is that some of the issues and root causes associated with obesity in the community were outside LiveWell’s scope of expertise and mission. The changemakers and research team learned that in the action planning process they had to balance the Committee’s focus on PSE change while also pushing the boundaries of the coalition to adopt health equity and social determinants of health approaches in the coalition’s work.

The causal loop diagram helped participants from sectors that were more distal to obesity prevention, like the housing and redevelopment authority and houses of worship, see the important role they played and the expertise they brought to discussions. It also allowed them to see where there was synergy across the partners’ work that extended beyond working with LiveWell. By using systems-thinking, participants realized that they did not have to act on every component of the system to drive significant change in obesity prevention; rather, if they could impact one component of a causal loop it could create a cascade effect that could subsequently impact other aspects of the system. It also allowed the Committee and the coalition to visualize where there was the greatest shared interest and available resources across partner organizations to prioritize action that could result in measurable change. Finally, the portfolio of structured group model building activities facilitated participation and meaningful input across all committee members, which has potential to better balance power dynamics compared to traditional strategic planning approaches if implemented in other places.




Limitations

LiveWell is an established non-profit coalition with 10 years of successes that contribute to its credibility and leadership role in the Greenville community. The coalition currently has seven paid staff who support coalition activities, initiatives, and fund-raising, as well as strong partnerships with Furman University whose faculty, staff, and students provide support for evaluation and community engagement. Given its financial resources and social capital, LiveWell was well positioned to implement and benefit from an SDCD-informed intervention; other coalitions may not be as well-positioned. Another limitation is that this is a case study; we did not rigorously test the effect of the SDCD intervention in a controlled trial with a comparison group. The detail provided in this case study, however, may be useful to groups trying to implement coalition interventions to change systems in their communities.

A large component of the SDCD intervention relies on CBSD principles and group model building skills. Building the pool of individuals with such skills through formal training mechanisms is crucial for scaling up SDCD interventions and similar interventions. The intervention featured in this case study did not employ quantitative simulation modeling that is argued by some in the system dynamics field to be crucial for developing rigorous system insights and determining effective policies (43). Others in the field recognize the utility of informal and qualitative models, like the causal loop diagram developed in this intervention, for helping groups solve learning and coordination problems (44, 45). Quantitative system dynamics simulation models are appropriate when the purpose of the model is for rigorous analysis of objective policies within an existing system and well suited for solving analytical problems when sufficient resources are available to build and test such models. Qualitative models can generate actionable systems insights and, importantly, promote learning and build consensus among participating individuals to initiate and sustain actions (46, 47). Now that the LiveWell coalition has developed some CBSD capabilities and the purpose of modeling necessitates additional insights from simulation, they are working with the research team to explore opportunities to develop quantitative system dynamics models.




Conclusion

This case study describes a theory-informed intervention process to intervene with a group of multi-sector stakeholders to promote whole-of-community change. The process led to three new priority areas for the coalition: (1) addressing food insecurity; (2) a focus on building power within the community; and (3) new advocacy goals to promote systems change beyond the coalition’s previous focus on PSE change within individual organizations and sectors. The intervention prompted the application of CBSD to other topics beyond childhood obesity, which could lead to paradigm shifts about how to address complex, entrenched public health issues in the community.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Tufts University IRB. The patients/participants provided their written informed consent to participate in this study.



Author contributions

LC, KW, SW, MF, and JA helped to implement the intervention and contributed to the analysis and manuscript writing. SW is the Executive Director of LiveWell Greenville and MF is the Principal Investigator for LiveWell at Furman University. EH and TM contributed to analysis, interpretation, and manuscript writing. CE conceptualized the study and obtained funding. All authors contributed to the article and approved the submitted version.



Funding

This research was funded by the JPB Foundation.



Acknowledgments

The authors would like to thank LiveWell Greenville and the LiveWell Strategic Planning Committee for their participation in this project.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Dietz,WH. Health consequences of obesity in youth: childhood predictors of adult disease. Pediatrics. (1998) 101:518–25. doi: 10.1542/peds.101.S2.518 

 2. Hughey,SM, Kaczynski,AT, Porter,DE, Hibbert,J, Turner-Mcgrievy,G, and Liu,J. Spatial clustering patterns of child weight status in a southeastern US county (2018) 99:12–21. doi: 10.1016/j.apgeog.2018.07.016 

 3. Fryar,CD, Carroll,MD, and Ogden,CL. Prevalence of overweight, obesity, and severe obesity among children and adolescents aged 2–19 years: United States, 1963–1965 through 2015–2016. National Center for Health Statistics Health E-Stats (2018). Available at: https://stacks.cdc.gov/view/cdc/58669

 4. Powers,AR, The,N, Stevens,D, Kindernecht,K, and Willis,S. Greenville County Youth Weight Status: Spring 2014. Greenville, SC: (2014).

 5. Kumanyika,SK. A framework for increasing equity impact in obesity prevention. Am J Public Health. (2019) 109:1350–7. doi: 10.2105/AJPH.2019.305221 

 6. Economos,CD, Hyatt,RR, Must,A, Goldberg,JP, Kuder,J, Naumova,EN , et al. Shape up Somerville two-year results: a community-based environmental change intervention sustains weight reduction in children. Prev Med (Baltim). (2013) 57:322–7. doi: 10.1016/j.ypmed.2013.06.001 

 7. Korn,AR, Hennessy,E, Tovar,A, Finn,C, Hammond,RA, and Economos,CD. Engaging coalitions in community-based childhood obesity prevention interventions: a mixed methods assessment. Childhood Obesity. (2018) 14:537–52. doi: 10.1089/chi.2018.0032

 8. Reid,A, Abraczinskas,M, Scott,V, Stanzler,M, Parry,G, Scaccia,J , et al. Using collaborative coalition processes to advance community health, well-being, and equity: a multiple-case study analysis from a National Community Transformation Initiative. Health Educ Behav. (2019) 46:100S–9S. doi: 10.1177/1090198119838833 

 9. Calancie,L, Frerichs,L, Davis,MM, Sullivan,E, White,AM, Cilenti,D , et al. Consolidated framework for collaboration research derived from a systematic review of theories, models, frameworks and principles for cross-sector collaboration. PLoS ONE. (2021) 16:e0244501. doi: 10.1371/journal.pone.0244501 

 10. Stevens,D, The,N, Powers,A, and Fair,M. Culinary creations: a community-based support for policy change in the elementary school nutrition environment In: Society of Nutrition Education and Behavior Annual Conference. Pittsburg, PA: (2015).

 11. Hughey,S, Gilrain,T, Young,C, Fair,ML, Powers,AR, Kaczynski,A , et al. At play! Efforts of a county-wide coalition to enhance physical activity environments and opportunities in underserved communities in Greenville County, South Carolina In: Active Living Research Conference. Clearwater, FL: (2016)

 12. Kania,J, Kramer,M, and Senge,P. The Water of Systems Change. (2018).

 13. Meadows,D. Leverage points: places to intervene in a system. (1999). Available at: https://donellameadows.org/archives/leverage-points-places-to-intervene-in-a-system/

 14. Ewart-Pierce,E, Mejía Ruiz,MJ, and Gittelsohn,J. “Whole-of-community” obesity prevention: a review of challenges and opportunities in multilevel, multicomponent interventions. Curr Obes Rep. (2016) 5:361–74. doi: 10.1007/s13679-016-0226-7 

 15. Appel,JM, Fullerton,K, Hennessy,E, Korn,AR, Tovar,A, Allender,S , et al. Design and methods of shape up under 5: integration of systems science and community-engaged research to prevent early childhood obesity. PLoS ONE. (2019) 14:e0220169. doi: 10.1371/journal.pone.0220169 

 16. Kasman,M, Hammond,RA, Heuberger,B, Mack-Crane,A, Purcell,R, Economos,C , et al. Activating a community: an agent-based model of Romp & Chomp, a whole-of-community childhood obesity intervention. Obesity. (2019) 27:oby.22553. doi: 10.1002/oby.22553

 17. Korn,AR, Hammond,RA, Hennessy,E, Must,A, Pachucki,MC, and Economos,CD. Evolution of a coalition network during a whole-of-community intervention to prevent early childhood obesity. Child Obes. (2021) 17:379–90. doi: 10.1089/chi.2020.0156

 18. Korn,AR, Hennessy,E, Hammond,RA, Allender,S, Gillman,MW, Kasman,M , et al. Development and testing of a novel survey to assess stakeholder-driven community diffusion of childhood obesity prevention efforts. BMC Public Health. (2018) 18:681. doi: 10.1186/s12889-018-5588-1 

 19. Calancie,L, Fullerton,K, Appel,JM, Korn,AR, Hennessy,E, Hovmand,P , et al. Implementing group model building with the shape up under 5 community committee working to prevent early childhood obesity in Somerville, Massachusetts. J Public Health Manag Pract. (2022) 28:E43–55. doi: 10.1097/PHH.0000000000001213 

 20. Calancie,L, Nappi,D, Appel,J, Hennessy,E, Korn,AR, Mitchell,J , et al. Implementing and evaluating a stakeholder-driven community diffusion–informed early childhood intervention to prevent obesity, Cuyahoga County, Ohio, 2018–2020. Prev Chronic Dis. (2022) 19:E03. doi: 10.5888/pcd19.210181 

 21. United States Census Bureau. QuickFacts: Greenville County, South Carolina. (2019). Available at: https://www.census.gov/quickfacts/greenvillecountysouthcarolina

 22. United States Census Bureau. American Community Survey. Greenville, SC: (2019).

 23. U.S. Department of Agriculture Food and Nutrition Service. SNAP Data Tables. (2022). Available at: https://www.fns.usda.gov/pd/supplemental-nutrition-assistance-program-snap (Accessed July 24, 2022).

 24. South Carolina eHealth Medicaid Statistics. SC County profiles: key social determinants of health; (2022). Available at: https://www.schealthviz.sc.edu/county-profiles

 25. Gerritsen,S, Harré,S, Rees,D, Renker-Darby,A, Bartos,AE, Waterlander,WE , et al. Community group model building as a method for engaging participants and Mobilising action in public health. Int J Environ Res Public Health. (2020) 17:3457. doi: 10.3390/ijerph17103457 

 26. Vennix,JAM. Group Model Building: Facilitating Team Learning Using System Dynamics, West Sussex, England: John Wiley & Sons (1996). 297 p.

 27. Hovmand,PS, and Hovmand,PS. Group model building and community-based system dynamics process In: Community Based System Dynamics. New York: Springer (2014). 17–30.

 28. Hovmand,PS. Community based system dynamics. Vol. 9781461487, Springer New York; (2014). 1–104.

 29. Hovmand,PS, Andersen,DF, Rouwette,E, Richardson,GP, Rux,K, and Calhoun,A. Group model-building “scripts” as a collaborative planning tool. Syst Res Behav Sci. (2012) 29:179–93. doi: 10.1002/sres.2105

 30. Hovmand,P, Rouwette,E, Anderson,D, Richardson,G, and Kraus,A. Scriptapedia 4.0.6. (2013).

 31. Meadows,D. Leverage points: places to intervene in a system. (1999) Available at: https://donellameadows.org/archives/leverage-points-places-to-intervene-in-a-system/

 32. Andersen,DF, Calhoun,A, Hovmand,PS, Hower,T, Rouwette,E, and Steins,E, et al. Scriptapedia. (2011)

 33. Hill-Briggs,F, Adler,NE, Berkowitz,SA, Chin,MH, Gary-Webb,TL, Navas-Acien,A , et al. Social determinants of health and diabetes: a scientific review. Diabetes Care. (2021) 44:258–79. doi: 10.2337/dci20-0053 

 34. Bolton,KA, Fraser,P, Lowe,J, Moodie,M, Bell,C, Strugnell,C , et al. Generating change through collective impact and systems science for childhood obesity prevention: the GenR8 change case study. PLoS ONE. (2022) 17:e0266654. doi: 10.1371/journal.pone.0266654

 35. Kania,J, and Kramer,M. Collective impact. Stanford Social Innov Rev (2011). Winter. Available at: https://ssir.org/articles/entry/collective_impact (Accessed March 26, 2023).

 36. Allender,S, Millar,L, Hovmand,P, Bell,C, Moodie,M, Carter,R , et al. Whole of systems trial of prevention strategies for childhood obesity: WHO STOPS childhood obesity. Int J Environ Res Public Health. (2016) 13:1143. doi: 10.3390/ijerph13111143

 37. Pronk,NP, Eneli,I, Economos,CD, Bradley,D, Fassbender,J, Calancie,L , et al. Using systems science for strategic planning of obesity prevention and treatment: The roundtable on obesity solutions experience. Curr Probl Cardiol. (2022):101240. doi: 10.1016/j.cpcardiol.2022.101240 

 38. Frerichs,L, Hassmiller Lich,K, Young,TL, Dave,G, Stith,D, and Corbie-Smith,G. Development of a systems science curriculum to engage rural African American teens in understanding and addressing childhood obesity prevention. Health Educ Behav. (2018) 45:423–34. doi: 10.1177/1090198117726570 

 39. Bensberg,M, Allender,S, and Sacks,G. Building a systems thinking prevention workforce. Health Promot J Aust. (2020) 31:436–46. doi: 10.1002/hpja.325

 40. Erwin,PC, and Brownson,RC. The public health practitioner of the future. Am J Public Health. (2017) 107:1227. doi: 10.2105/AJPH.2017.303823

 41. Maitland,N, Wardle,K, Whelan,J, Jalaludin,B, Creighton,D, Johnstone,M , et al. Tracking implementation within a community-led whole of system approach to address childhood overweight and obesity in south West Sydney, Australia. BMC Public Health. (2021) 21:1233. doi: 10.1186/s12889-021-11288-5 

 42. Wilkerson,B, Aguiar,A, Gkini,C, Czermainski de Oliveira,I, Lunde Trellevik,LK, and Kopainsky,B. Reflections on adapting group model building scripts into online workshops. Syst Dyn Rev. (2020) 36:358–72. doi: 10.1002/sdr.1662

 43. Sterman,J. System dynamics at sixty: the path forward. Syst Dyn Rev. (2018) 34:5–47. doi: 10.1002/sdr.1601

 44. Lane,DC. Social theory and system dynamics practice. Eur J Oper Res. (1999) 113:501–27. doi: 10.1016/S0377-2217(98)00192-1

 45. Lane,DC. Rerum cognoscere causas: part II—opportunities generated by the agency/structure debate and suggestions for clarifying the social theoretic position of system dynamics. Syst Dyn Rev. (2001) 17:293–309. doi: 10.1002/sdr.221

 46. Langellier,BA, Kuhlberg,JA, Ballard,EA, Slesinski,SC, Stankov,I, Gouveia,N , et al. Using community-based system dynamics modeling to understand the complex systems that influence health in cities: The SALURBAL study. Health Place. (2019) 60:102215. doi: 10.1016/j.healthplace.2019.102215 

 47. Allender,S, Brown,AD, Bolton,KA, Fraser,P, Lowe,J, and Hovmand,P. Translating systems thinking into practice for community action on childhood obesity. Obes Rev. (2019) 20:179–84. doi: 10.1111/obr.12865 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Implementing a stakeholder-driven community diffusion-informed intervention to create healthier, more equitable systems: a community case study in Greenville County, South Carolina



		Introduction



		Context



		Intervention elements



		Committee meetings



		Prioritized action areas



		Key insights guiding how LiveWell is addressing prioritized action areas



		Key insight 1: participation gaps in federal nutrition program participation



		Key insight 2: opportunity for more coordination among food security efforts



		Key insight 3: shift towards broad policy and systems change



		Key insight 4: citizen engagement for lasting change



		Building capacity to use community-based system dynamics in Greenville









		Discussion



		Lessons learned for future applications of stakeholder-driven community diffusion-informed interventions



		Committee participation



		Virtual engagement



		Value of systems insights to expand and enhance coalition efforts









		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-11-1034611-g001.jpg
Accasa to Raltable.

Tnmwmm
Clent Density.
‘Tﬁnswr‘il\on Ve
Moving om of ‘Apcse ta Hunger
tho Gty & Rollof Agancien
E"ec\s of
Moving
Housahokd
gl Urmat
e Hausshold P Domand for
Neods Hunger Rallet
“Financial @J ta ;
Impact Fodersl st
ci\ Assletance’ ey
Response o Demand for
‘Orgs Total Heahcare Costs Use of Fedaral pmey | eyt
Resources i
Av‘lnll Programs m"':m": Rellef Agencies.
Posttve Chid i T
onge A Heslt Outsames \ e
s Prortization Y
Pl‘:::::‘nll o el g Radoam Federal Assistance
Bzt N i Use of Froah hu-h Produos
o Ed‘:nmn:ln ""’""ﬂ Demand
Romaling for ,,,
Other Priories Heatthy
Botaviors Canmmption"
e - uumw- Food
i rgarizational Infrastructurs Weoue oo
Raspones! Val . Nogtbormoos
Invaatmart in
Communtty
Inrastructure
&
A mmmunm
Sanme of
Communtty Healthy powermant:
Supportor Heelth Environment: Communty

Engaged
Clizenship.

‘Community
Ry Food Enviro."





OPS/images/fpubh-11-1034611-g002.jpg
Initial Community-Based System Dynamics Activities Addt!l Community-Based System Dynamics Activities

Stakeholders: healthcare, transportation, housing, faith ——pp Stakeholders: food and housing security organizations,

based organizations, philanthropy, and government early childhood, and other social services
11 11

« Food security: consistent access to health promoting foods for all  Transparency in local government: encouraging community
community members engagement in local decision making to ensure more transparency

* Physical Activity: equitable access to trails, parks, sidewalks, etc to in how policies are made
enable active lfestyles « Language justice: ensuring that all community members can

« Advocacy: engage community decision makers to support policies ‘communicate in their own language
that increase access to healthy food and physical activity « Strengthening informal networks: engaging worksites, schools

O T P e s B e e e and other organizations in the development of both organizational
by structural inequities in the process of creating systems change and community policy work

i i .

ng Activiti

©  Weekend Backpack program: creating partnerships between schools and community organizations to provide consistent access to culturally
‘appropriate weekend backpack meals for students facing food insecurity

«  Language Justice NPO training: increasing awareness of tools and resources available to NPOs to more actively engage Spanish speakers in
decision making

«  Food Equity Action Board: providing training and support to community members that have faced food insecurity to ensure active engagement
in the workgroups that are addressing systems barriers and improvements

©  Open community use: increasing access to physical activity environments in communities with low park access





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Implementing a stakeholder-driven
community diffusion-informed
intervention to create healthier,

more equitable systems: a
community case study in

Greenville County, South Carolina












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
& frontiers Frontiers in Public Health






