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Abstract

Engaging youth from racial and ethnic minority communities as leaders for change is a potential
strategy to mobilize support for addressing childhood obesity, but there are limited curricula
designed to help youth understand the complex influences on obesity. Our aim was to develop and
pilot test a systems science curriculum to elicit rural African American youth perspectives on
childhood obesity and enhance their understanding of and support for obesity prevention solutions.
The curriculum was designed so it could be integrated with existing positive youth development
curricula that help youth advocate for and implement identified solutions. We conducted four
workshop sessions with youth that engaged them in systems learning activities such as guided
systems diagramming activities. The participants (r7=21) completed validated surveys presession
and postsession that assessed their causal attributions of obesity and support for obesity prevention
policies. The youths’ perception that environmental factors cause obesity increased (p < .05), and
perceptions that individual behavior and biology cause obesity did not change. Their support for
policies that addressed food access and food pricing significantly increased (p < .05). The youths’
system diagrams elucidated links between multilevel factors such as personal attitudes, social
influence, and the built environment, which provides important information for designing
synergistic solutions. The changes we observed in youths’ perceptions of obesity and support for
policy changes have important implications for youths’ interest and willingness to advocate for
social and environmental changes in their community. The strategies have a promising role in
supporting community mobilization to address childhood obesity.
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Childhood obesity is a complex public health issue (Institute of Medicine, 2012). Obesity
disparities by race and ethnicity continue to widen (Skinner & Skelton, 2014), and are
prevalent in the rural south (Wang, Gortmaker, & Taveras, 2011). In North Carolina, the
odds of being obese is 50% higher for rural compared with urban children (North Carolina
Department of Health and Human Services, 2009). New strategies that help communities
design multilevel, synergistic solutions are needed to address childhood obesity.

The risk for obesity is influenced by interacting causal mechanisms across socioecological
levels (Huang, Brownson, Esposito, Green, & Homer, 2013). Interventions targeting one or a
few risk factors have resulted in limited population-level impact (Devi, 2008; Huang et al.,
2015; Kraak & Story, 2010; Roberto et al., 2015). A collective, societal response is required
to disentangle and address the complex factors causing childhood obesity and the
disproportionate risk in children of color. Efforts that mobilize a community to
collaboratively address multiple levels of change (e.g., individual behaviors, social norms,
built environment) are promising. Evidence indicates these efforts lead to reductions in
population weight gain and are equally if not more effective among underserved individuals
(Boelsen-Rabinson et al., 2015). Yet these efforts are not widely adopted (Huang et al.,
2015) and readiness for implementing cross-sectoral, collaborative programs and policies
may be limited among underserved racial and ethnic minority communities (Frerichs et al.,
2012; Pitts et al., 2013; Sliwa et al., 2011).

One potential strategy is to engage youth as leaders to mobilize support for addressing
childhood obesity (Frerichs et al., 2015; Millstein & Sallis, 2011). Positive youth
development refers to efforts to develop youths” interests, skills, and abilities, often focusing
on leadership and communication skills (Lapalme, Bisset, & Potvin, 2014; Wallerstein &
Sanchez-Merki, 1994). Some positive youth development programs guide youth to engage in
socially productive activities, for example, advocating for environmental and policy changes
(Arredondo et al., 2013; Linton, Edwards, Woodruff, Millstein, & Moder, 2014). Positive
youth development curricula exist that can be applied to help youth take action for obesity
prevention (e.g., ACT for Youth, 2016; YES! Youth Empowered Solutions, 2016); yet youth
(and their adult mentors) also need guidance to understand the factors shaping obesity in
order to choose the best actions.

By helping youth understand the multilevel and interconnected influences on obesity, they
will be better equipped to contribute to and support a wide range of impactful solutions that
address individual, social, and environmental change. Evidence suggests that one’s
perceptions of the causes of an issue influences one’s support for societal action (Weiner,
2006). Individuals who more strongly agree that environmental factors cause obesity
indicate stronger support for obesity prevention policies than individuals who emphasize
personal responsibility (Niederdeppe, Porticella, & Shapiro, 2012), and the extent to which
one can make connections between individual and environmental factors may increase
policy support (Niederdeppe, Shapiro, Kim, Bartolo, & Porticella, 2014). Furthermore, the
interventions employed in community efforts must recognize connections to ensure synergy
of investments. For example, interventions that improve individual’s healthy food attitudes
without improving healthy food access fail to provide the supportive environmental context
for healthy choices (Story, Kaphingst, Robinson-O’Brien, & Glanz, 2008); yet interventions
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that improve access without considering food preferences will similarly flounder (Cummins,
Flint, & Matthews, 2014).

Studies that involve youth in planning and implementing childhood obesity prevention
interventions have emerged (Bogart et al., 2014; Dzewaltowski et al., 2009; Eskicioglu et al.,
2014; Forneris et al., 2010; Jones, Spence, Hardin, Clemente, & Schoch, 2011; Santos et al.,
2014; Smith & Holloman, 2013; Utter et al., 2011). These studies indicate that youth may be
effective at promoting changes in individual healthy behavior among their peers, and are
promising advocates for environmental and policy change. Although a considerable body of
research exists on positive youth development (Catalano, Berglund, Ryan, Lonczak, &
Hawkins, 2004), there is limited research on specific strategies to improve youth’s systems
learning about the complexity of childhood obesity and guide identification of synergistic
multilevel solutions. Systems science engagement activities have potential to improve
understanding of and development of more synergistic solutions for complex issues
(Frerichs, Lich, Dave, & Corbie-Smith, 2016). In this study, we describe a process for
designing and evaluating a systems science curriculum used to elicit rural African American
youths’ perspectives on childhood obesity and improve their understanding of and support
for addressing childhood obesity.

This study involved two phases: (a) development and (b) pilot testing of systems science
engagement strategies, both embedded within a community-based participatory research
partnership (CBPR; Corbie-Smith et al., 2011; Corbie-Smith et al., 2015). The study was
reviewed and approved by the institutional review board at the University of North Carolina
at Chapel Hill.

Conceptual Framework

Systems science is an approach to problem solving that views an issue as being determined
by an overall system of interconnected factors rather than targeting discrete factors (Lich,
Ginexi, Osgood, & Mabry, 2013). Some systems science approaches include participatory
engagement with stakeholders who influence or are influenced by the system of interest
(Frerichs et al., 2016; Hovmand, 2014; Vennix, 1999; Voinov & Bousquet, 2010). The goal
of engagement is bidirectional: (a) to improve stakeholder understanding of and intention to
address factors influencing complex problems and (b) to improve researcher understanding
of stakeholder’s knowledge about important processes, decision rules, and mechanisms that
influence the issue.

Systems science participatory strategies posit that pathways exist from communication to
cognition and cognition to behavior (Rouwette, Vennix, & Felling, 2009; Figure 1). The
communication to cognition pathway is explained by dual process theories of persuasion,
which hypothesize that high motivation and deep processing of messages will lead to
stronger and more stable changes in cognition (e.g., attitudes) than low motivation and
shallow processing. The cognition to behavior pathway is explained by the theory of planned
behavior, which hypothesizes that constructs of cognition, that is, behavioral, normative, and
control beliefs, shape one’s intentions and subsequent behaviors. Systems science
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participatory strategies act through two mechanisms: (a) visual diagramming and interaction
with simulation models and (b) structured group facilitation exercises, which aim to improve
processing of complex information and group consensus and commitment to system action.
For example, in the case of childhood obesity, we anticipate improved understanding of
causes of obesity, including environmental factors, and increased support for a range of
recommended individual, social, policy, and environmental strategies.

The project was implemented in one North Carolina County, in which African Americans
comprise 57% of the population. The county is rural, with a population density of 112
persons per square mile (U.S. Census Bureau, 2010). This county also has the highest
unemployment rate in North Carolina and 24% of African American residents live in
households with incomes below federal poverty levels (U.S. Census Bureau, 2010).

Phase 1: Engagement Strategy Adaption and Development

Community partners from the larger CBPR partnership met monthly for 5 months with
academic research team members. The community partners provided feedback and guidance
on recruitment processes, evaluation measures, and the systems science engagement
activities. Project updates were also provided to members of the larger CBPR partnership
during regularly scheduled coalition meetings.

We developed materials that integrated leadership development and systems science
engagement strategies. An outline and description of the activities can be found in Table 1.
In summary, the four sessions included the following: (a) introduction to leadership and
complex systems problems, (b) using diagramming to understand problems affected by
complex systems, (c) identifying intervention strategies within complex systems, and (d)
communicating about complex systems.

Research team members and community partners co-facilitated the sessions. The session
activities included adaptions of scripted! group facilitation techniques that aimed to improve
youth’s understanding of obesity. Youth were guided to produce visual diagrams that
highlighted system structures related to obesity. Youth produced two types of systems
diagrams: (a) graphs over time (Andersen & Richardson, 1997) and (b) causal loop diagrams
(Sterman, 2000). Graphs over time are typically produced in the early stages of a project,
with the goal of eliciting deep processing of past and potential future trends. After key
system variables are identified, they are plotted on a two-dimensional graph (y~axis = the
variable levels and x-axis = time). The graphs help identify patterns in how variables are
changing in relation to each other and inform hypotheses about more complex system
structures contributing to the issue. Causal loop diagrams are a visual representation of
variables in a system and explicitly document how variables might produce observed trends.
For example, arrows between variables are labeled with “same” or “opposite” to indicate the
direction of relationships, and closed cycles of variables are labeled as reinforcing or

l“Scripts” provide fine-grained descriptions of small group exercises that can be applied across topics, and include specific purposes
of each exercise, preliminary preparations, materials needed, time required, and instructions regarding facilitative behaviors.
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balancing feedback loops, that is, where an initial variable propagates changes in one or
more variables and ultimately reinforces or balances the initial variable’s change. To create
their diagrams, youth watched short segments of two documentaries on obesity in the United
States. Research team members facilitated a discussion about the data and evidence provided
in the documentaries. Youth were guided to create their diagrams by critically considering
the data and evidence as well as their own perceptions. With an expanded curriculum, the
youth would inform their diagrams with more extensive use of existing scientific literature,
surveillance data, and primary data collection.

The session facilitators reviewed the youth’s diagrams and corresponding verbal discussions
to identify themes in dynamics and complex structures and guide development of four “seed
diagrams.” The “seed diagrams” were used to help the youth consider potential solutions for
addressing obesity in their community.

Phase 2: Engagement Strategy Pilot Testing and Evaluation

Participants—Community partners recruited participants for the sessions, inviting
individuals who had been involved with their organizations’ programs. Eligible participants
were African Americans between the ages of 13 and 17 years. We did not use inclusion/
exclusion criteria based on weight or body mass index to enhance diversity in responses. Our
target sample size was 7= 20, which provided 80% power to detect a standardized mean
difference of 0.68 standard deviations in survey outcomes at p < .05 (assuming 25%
attrition).

Instrumentation—Participants completed a survey at baseline and immediately after each
of the four sessions. We adapted2 the following subscales of a validated measure of youth
psychological empowerment (Ozer & Schotland, 2011), each with 4-point Likert-type scale
response options (1 = very untrue of me, 4 = very true of me). Participatory Behaviors. Five-
item measure of youth’s experience with advocacy-related behaviors (a =.83);
Sociopolitical Skills. Five-item measure of youth’s confidence in their ability to understand
and address social and health issues in their community (a = .81); Motivation to Influence:
Four-item measure of youth’s belief in the importance of engaging with others in the
community to address health issues (a = .80).

The survey also included measures of causal attributions of obesity (Niederdeppe, Shapiro,
& Porticella, 2011) and support for obesity policies and programs (Barry, Brescoll,
Brownell, & Schlesinger, 2009). All items used 4-point Likert-type scale response options (1
= strongly disagree, 4 = strongly agree). The measures included three subscales that measure
beliefs about the extent to which /ndividual behavior (four items), biological (three items),
and societal and environmental factors (seven items) cause obesity. Participants also rated
their support for a list of recommended obesity prevention programs and policies including
programmatic (three items), food access (five items), physical activity access (three items),
advertising (two items), and food pricing (two items) strategies (Barry et al., 2009).

2\\e removed items about settings not relevant to the project. For example, the scales included multiple items around the same factor
applied to different settings (“If | want to improve a problem at school, | know how to ... ” and “If | want to improve a problem in my
city, | know how to ...”). We adapted to ask these items once—referring to “in my community” in the stem.

Health Educ Behav. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Frerichs et al.

Analysis

Results

Page 6

We interviewed seven youth postintervention with both high and low levels of participation.
The interviews included semistructured questions to assess satisfaction and acceptability of
the system diagramming activities (e.g., “Tell me about what activities were your favorite
and what you liked about them”). Interviews were audio-recorded.

Survey data were analyzed using SAS 9.3 (SAS Institute, Cary, NC). We used repeated
measures linear regression mixed models to assess changes in all measures from baseline to
the final postsession time-point. Subscale measures were summed and each was regressed on
session, adjusting for gender and age. Qualitative data, including the youth diagrams and
interviews, were analyzed following a qualitative descriptive approach (Sandelowski, 2000,
2010). Two members of the research team reviewed materials and generated categorical
themes that most closely reflected the participant’s words and diagrams. The themes were
discussed with additional research team members (including community partners) to
establish dependability (Shenton, 2004).

Twenty-one adolescent African American youths participated in at least one session. Nearly
two thirds (61.9%, n= 13) completed all four sessions. Approximately two thirds of
participants were girls (66.7%, 7= 14). The mean (SD) age of participants was 16.3 (1.4)
years. A greater proportion of girls completed all four sessions than boys (71.4%, n= 10
girls vs. 42.9%, n= 3 boys). The mean age did not differ between completers and
noncompleters.

Diagramming Outcomes

Each youth produced at least one “graph over time.” Youth highlighted trends in variables
from either an individual or community perspective, but there was a wide variation in the
specific variables and patterns depicted. From a community perspective, one participant
drew increasing “diabetes in teens” alongside decreasing “farmers’ markets with healthy
foods” (Figure 2a). Another participant outlined trends in the healthfulness of one’s diet
alongside one’s amount of money (Figure 2b).

The youth participants also completed causal loop diagrams that indicated connections were
being made between variables. Some participants made connections of stress and self-
esteem with behavior or health outcomes (Figure 2c¢) and others identified connections
between access and poor dietary choices (Figure 2d).

We identified four themes based on the diagrams: (a) connections among self-esteem,
behaviors, and weight; (b) relative value of fast versus healthy foods; (c) school and parental
influences; and (d) sugar-sweetened beverage marketing. Seed diagrams with the
participants’ markings from solution identification sessions are available as supplementary
materials (example shown in Figure 3). The youth identified and presented on proposed
solutions including a health promotion summer camp led by adolescent youth and fielding a
neighborhood petition to collect signatures of community members who would support
healthier fast-food options in the community.
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Youth Participant Survey Outcomes

The youths’ mean (SD) of the research and action participatory behaviors scale significantly
increased from 9.9 (3.8) at baseline to 14.5 (5.3) after the final session (p < .05; Table 2).
Sociopolitical skills and motivation to influence, however, did not significantly change.
Youths’ attributions of individual and biological factors as causes of obesity did not
significantly change, but their attributions of environmental factors increased from 19.3 (3.3)
to 22.5 (2.6; p < .05). Participants increased support for food access from 12.7 (1.9) to 14.7
(2.2; p<.05) and food pricing policies from 4.9 (0.9) to 6.1 (0.9; p < .001), but did not
exhibit significant changes in support for advertising, programmatic, or physical activity
access policies.

Interview Satisfaction and Acceptability Outcomes

The youth participants had varying perspectives about the systems diagramming activities.
One viewed them unfavorably, indicating it “felt like school.” In contrast, one noted the
diagramming activities were his favorite because,

Once | got it, it was a whole lot that was going on through my head and | wanted to
make my own chart, it overwhelmed me because and | finally knew how to put
things in the correct spots.

The remaining found the diagramming activities acceptable, but indicated they needed more
time because they were only beginning to understand the concepts when the session ended.

Discussion

In this study, we adapted and developed systems science engagement strategies that aimed to
elicit rural African American youths’ perspectives on childhood obesity and improve their
understanding of and support for addressing childhood obesity in their community. We
found promising evidence that the activities can provide new insights about obesity and
influence youth’s perceptions on causes of obesity and support for obesity prevention. These
activities can be integrated into comprehensive obesity prevention and positive youth
development curricula.

Similar to participatory systems science strategies that were conducted for the national
Healthy Kids, Healthy Communities project (Brennan, Sabounchi, Kemner, & Hovmand,
2015), we found the activities created opportunities to characterize complex systems from
the voice of community residents. In contrast, Healthy Kids, Healthy Communities primarily
engaged adult stakeholders, whereas we gained youths’ unique perspectives about
connections of multilevel factors. For example, youth indicated that patronizing a fast-food
restaurant in the community was influenced by connections among environmental access
and convenience, individual habituation, and social influences, which included the appeal of
free WiFi that supported social media (Figure 3).

Obesity prevention studies that have employed participatory strategies with youth such as

photovoice (Findholt, Michael, & Davis, 2011; Hannay, Dudley, Milan, & Leibovitz, 2013;
Kramer, Schwartz, Cheadle, & Rauzon, 2013) and neighborhood mapping (Hume, Salmon,
& Ball, 2005; Topmiller, Jacquez, Vissman, Raleigh, & Miller-Francis, 2015) also revealed
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insights about socioenvironmental influences on obesity such as underutilization of
neighborhood parks (Findholt et al., 2011) and gang activity (Kramer et al., 2010).
Compared with the former participatory strategies, systems science provides a unique
opportunity to elucidate links between multilevel factors. The links are valuable for
designing solutions that create mutually reinforcing conditions.

The youth in our study exhibited a statistically significant increase in research and action
participatory behaviors, but not motivation to influence or sociopolitical skills. One youth
empowerment study found modest significant improvements in these same measures
following a 1-year program (Ozer & Douglas, 2013). Our participants appeared to have high
levels of motivation to influence and sociopolitical skills from the outset, which likely
contributed to the lack of change. In addition, our study was developmental and the intensity
of sessions was low. A long-term study with additional sessions may be required for
assessment of greater impact.

We found a significant change in youths’ perceptions of causal attributions of obesity, with
an increase in environmental attributions. The youths’ support for obesity prevention
policies and programs, specifically food access and food pricing policies, also significantly
increased. Other participatory systems science studies indicate the activities can change
adult participant’s perceptions about an issue and lead to more support for policy changes
(Rouwette, Vennix, & van Mullekom, 2002). Systems science strategies have been used in
education to improve general systems thinking skills (LaVigne, 2009); however, to our
knowledge, our study is the first to evaluate the strategies for their potential to shape youth
perceptions of and support for obesity prevention. The changes we observed have important
implications for youth interest and willingness to advocate for social and environmental
changes in their community. Youth participate in our curriculum may be better equipped and
more likely to engage in community efforts to address childhood obesity and less resistant to
potential environmental or policy changes (e.g., changes to school meals).

In general, the activities were acceptable to the participants. However, some of the
diagramming concepts appeared challenging for the youth such as identifying the direction
of relationships between variables and feedback loops. The facilitators found the allotted
time did not allow for the attention needed to fully guide youth through these concepts.
Increasing time for diagramming, the number of trained facilitators, or using a group format
that facilitates youth to learn from each other should be considered for future
implementation of the strategies.

Our findings should be considered in the context of the study limitations. We used a
convenience and snowball recruitment approach and tested our curriculum with a small
sample. We did not perform rigorous member checking of our qualitative analysis findings
with youth, which would enhance the trustworthiness of our findings. However, we did have
informal conversations with several participants who indicated agreement with our
synthesis. Presurveys indicated our participants had high baseline levels of motivation to
influence and sociopolitical skills, which indicates a potential selection bias of more
civically minded youth. It is unclear whether the engagement activities would have similar
outcomes with less civically minded youth, and without a comparison group we are limited
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in our ability to attribute changes to the systems science activities. The activities were also
adapted and completed in a small rural African American community, which may limit
generalizability to other populations. Importantly, we used a community-engaged approach
to develop and adapt the strategies, which improved local relevance.

Future studies are needed that incorporate systems science participatory strategies within
larger positive youth development programs. For example, we aim to continue to engage
adolescent youth in this community to quantitatively research the qualitative links we
explored (e.g., Figure 3), and to help them implement and evaluate multilevel solutions. In
addition, as with our study, adolescents are often the focus of positive youth development
efforts, but adaptations for younger children should be considered. Overall, more rigorous
evaluation including quasi-experimental or cluster-randomized trials should be conducted to
compare our systems science curricula with attention-control or didactic obesity prevention
curricula. Evaluation measures should include individual participant (e.g., diet and physical
activity behaviors) and community (e.g., policy enactment, community readiness) outcomes.

The most positive impacts on obesity prevention are not likely reaching communities with
the highest prevalence and disparities (Yancey et al., 2004). More efforts need to help
communities mobilize support and resources to address this complex issue. Our strategies
have promise to help facilitate a systems thinking perspective, and provide a unique value of
engaging young community members during critical development periods.
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Figure 1.

Conceptual framework for systems science participatory strategies.

Note. The figure highlights the theoretical basis for use of participatory systems science. The
two main frameworks—(a) Dual Process Theories of Persuasion and (b) Theory of Planned
Behavior—are indicated at the top of the figure with their pathways (i.e., communication to
cognition, cognition to behavior) in italics below. Systems science mechanisms of influence
—diagramming and modeling and structured group facilitation—are placed in ovals with
arrows directed toward the theoretical pathway and the subsequent outcomes each is

hypothesized to target.
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Figure 2.
Example obesity behavior over time and causal loop diagrams that youth created.

Note. The figure provides two examples of behavior over time (Panels a and b) and causal
loop diagrams (Panels ¢ and d) that the youth created during the group model building
sessions. Text in gray boxes is added where handwriting is difficult to read.
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Figure 3.

Example seed causal loop diagram about obesity prevention cocreated with youth.

Page 16

Note. The figure provides an example of the seed causal loop diagrams that was created
based on youth’s behavior over time and connection circle exercises and presented to them
for further expansion in a following session. The example includes the seed diagram and the
additional markings provided by the youth. The diagram focused on feedback loops involved

in shaping the relative value of “fast” versus healthy food.
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