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Abstract The purpose of this study was to use par-
ticipatory systems thinking to develop a dynamic
conceptual framework of racial/ethnic and other
intersecting disparities (e.g., income) in food access
and diet in Philadelphia and to identify policy levers
to address these disparities. We conducted three
group model building workshops, each consist-
ing of a series of scripted activities. Key artifacts or
outputs included qualitative system maps, or causal
loop diagrams, identifying the variables, relation-
ships, and feedback loops that drive diet disparities in
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Philadelphia, Pennsylvania. We used semi-structured
methods informed by inductive thematic analysis
and network measures to synthesize findings into a
single causal loop diagram. There were twenty-nine
participants with differing vantages and expertise
in Philadelphia’s food system, broadly representing
the policy, community, and research domains. In the
synthesis model, participants identified 14 reinforc-
ing feedback loops and one balancing feedback loop
that drive diet and food access disparities in Phila-
delphia. The most highly connected variables were
upstream factors, including those related to racism
(e.g., residential segregation) and community power
(e.g., community land control). Consistent with exist-
ing frameworks, addressing disparities will require
a focus on upstream social determinants. However,
existing frameworks should be adapted to empha-
size and disrupt the interdependent, reinforcing feed-
back loops that maintain and exacerbate disparities
in fundamental social causes. Our findings suggest
that promising policies include those that empower
minoritized communities, address socioeconomic
inequities, improve community land control, and
increase access to affordable, healthy, and culturally
meaningful foods.

Keywords Health disparities - Diet - Urban health -
Racism - Food environment
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Introduction

Racial/ethnic disparities in food insecurity in the USA
are large and have persisted over time [1]. In 2021,
19.8% of Black and 16.2% of Hispanic households
were food insecure, compared to just 7% of White
households. Food insecurity prevalence increased in
2022, largely as a consequence of economic disrup-
tion as part of the COVID-19 pandemic, but racial/
ethnic disparities persisted. Food insecurity—or
inadequate access to sufficient healthy, nutritious,
and culturally appropriate food—is associated with
unhealthy diets and increased risk of several health
conditions, including poor self-rated physical and
mental health and increased incidence of chronic dis-
ease risk factors including hypertension and diabetes
[2].

Racial/ethnic disparities in food security, food
access, and diet are likely driven by the interplay of
social inequities overlayed on an inequitable food
system. Racial/ethnic disparities in income are likely
a key contributor. For example, 27% of households
with incomes below 185% of the federal poverty level
(FPL; $55,500 for a family of four in 2024) are food
insecure compared to just 5% with incomes above
185% of the FPL [3, 4]. Income inequality likely also
contributes to inequities in diet healthfulness due to
the low price of energy-dense, non-nutritious food
relative to healthier alternatives [5, 6].

Urban environments provide insights into the
entangled nature of food and social systems. For
example, disparities in healthy food access likely
result from high levels of racial/ethnic residential
segregation combined with the inequitable distribu-
tion of food retailers across predominantly White
and minoritized neighborhoods [7, 8]. Research con-
ducted in Philadelphia has shown that grocery stores
located in neighborhoods with higher proportions
of Black residents have less food choice diversity
and fewer healthy food options than those in White
neighborhoods [9]. As a consequence, residents in
predominantly Black neighborhoods must travel fur-
ther to access sufficient food options or, alternatively,
must settle for less healthful foods available closer to
home compared to residents in predominantly White
neighborhoods [9].

The consistency of food insecurity disparities
across heterogeneous spatial contexts (e.g., across
different cities) and their persistence through time
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suggest that disparities are an emergent consequence
of a complex and dynamic system [10]. Several exist-
ing frameworks appropriately emphasize that dis-
parities are driven by factors across multiple domains
(e.g., biological, behavioral, physical/built environ-
ment) and levels (i.e., individual, interpersonal, com-
munity, societal) of influence [11]. This multiscale,
multilevel structure is consistent with a complex
systems perspective. A further hallmark of complex
systems, which is not as well integrated into exist-
ing frameworks, is the presence of feedback loops or
closed chains of causal influence. Reinforcing feed-
back loops accelerates the direction of changes made
to a system and can be either virtuous or vicious
cycles depending on whether the direction of change
is desirable. There are almost certainly important
reinforcing feedback loops (e.g., cycles of poverty)
that accelerate existing social disadvantages. In con-
trast, balancing feedback loops are goal-seeking or
stabilizing loops that often act as a brake on changes
made to a system. Balancing loops can be good or
bad—depending on what goal they are seeking or
what is being stabilized—and in the context of health
and social disparities may help explain why previous
well-intentioned, well-thought-out interventions have
had limited success [12-14].

Quantitative and qualitative complex systems
methods can help advance understanding of the struc-
ture and function of systems that cause disparities
in food insecurity, diet, and health [10, 15]. A rele-
vant example is social scientists’ use of agent-based
simulation models, a quantitative systems approach,
to examine the social dynamics that lead to residen-
tial segregation and the health impacts of segregated
cities [16-19]. System dynamics modeling is an
approach that can be either quantitative or qualita-
tive and involves the development of causal diagrams
and/or computer simulation models that portray pro-
cesses of accumulation and feedback. The qualita-
tive branch—which includes both community-based
system dynamics modeling and group model build-
ing—uses stakeholder engagement methods to map
and understand the structure and function of a com-
plex system from the perspectives of stakeholders
knowledgeable about the system under study [20].
Group model building typically involves a series of
scripted activities that introduce key concepts in sys-
tems thinking and then provide participants with tools
and support to make their mental models (cognitive
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representations of a system) explicit, to talk through
differences in mental models across stakeholders, and
to identify leverage points to improve system outputs.
Group model building can help participants develop
a shared understanding of a complex problem, view
a problem from a systems thinking perspective (e.g.,
by focusing on feedback loops), and build consensus
about the changes needed to address issues within the
system [20].

Previous studies have used group model building
to elucidate the structure and function of systems
related to food and diet [21-24], but far fewer have
focused on food and diet disparities [22]. The pri-
mary example of a study focused on disparities was
conducted by Freedman et al., who used group model
building as part of a mixed-methods study to exam-
ine the complexity and inequity of food systems in
historically redlined neighborhoods in Cleveland,
Ohio [22]. The study identified 10 feedback mecha-
nisms driving food system inequities, broadly organ-
ized into three domains: meeting basic food needs
with dignity (i.e., side hustle, government benefits,
emergency food assistance, stigma, and stereotypes),
local food supply and demand dynamics (i.e., healthy
food retail, job security, food culture, and norms), and
community empowerment and food sovereignty (i.e.,
community power, urban agriculture, risk of gentri-
fication). The feedback loops identified by the study
identify leverage points for policy interventions to
advance nutrition equity and demonstrate the inter-
connected nature of food and social systems. In the
current study, we complement prior work by Freed-
man and others by focusing on systems that drive
racial/ethnic disparities in a different urban environ-
ment, Philadelphia, Pennsylvania. In addition to elu-
cidating specific system structures that cause dispari-
ties in Philadelphia, this study seeks to generate initial
insights into the mechanisms (e.g., causal relation-
ships, feedback loops) responsible for generating and
maintaining disparities across varying urban contexts.

We describe the main results of a series of three
group model building workshops to elucidate the
structure and function of the systems that cause dis-
parities in food access and diet. Though our primary
focus was on racial/ethnic disparities, we did not spe-
cifically limit prompts to focus exclusively on race/
ethnicity to allow for the exploration of disparities
based on other social identities that intersect with
race/ethnicity (e.g., income, power). The objectives

of the study were to convene and engage stakehold-
ers, to provide a common language and understanding
to help make their mental models explicit, to work
toward a common understanding of the structure and
function of the system, and to identify promising
policies and interventions that incorporate systems
thinking and feedback perspectives.

Methods
Participant Recruitment

We identified and recruited participants using purpo-
sive and snowball sampling based on a list of policy,
community, and research stakeholders and organiza-
tions from different vantage points in the food system.
This includes people with lived experience of food
insecurity and representing different neighborhoods
and social groups across the city. Participants were
offered compensation of $500 for participating in one
8-h workshop.

Group Model Building Overview

The study was designed by a core modeling team
comprised of three members of the research team
with previous experience designing and implementing
group model building studies and one research team
member who led participant recruitment. Broadly, the
study consisted of three 1-day workshops, each with a
unique group of participants. Three workshops were
conducted to allow for the participation of diverse
stakeholders, as well as considerations regarding the
study budget and timeline. We audio-recorded all
workshops and activities and used transcripts in sub-
sequent analyses (described below). Additionally,
multiple note-takers were present in each session and
took notes to further describe and clarify the devel-
opment of workshop artifacts. The Drexel University
Institutional Review Board reviewed and approved
the study protocol.

Table 1 is a sample agenda for one of the work-
shops, including key scripted activities and outputs;
Appendix 1 is a sample facilitation manual. After
conducting an icebreaker exercise to allow partici-
pants to air their hopes and fears about the session,
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Table 1 Sample agenda

o Activity
for a group model building

Artifacts

workshop Hopes and fears

Graphs over time
Causal loop diagramming
Model synthesis

Action ideas

List of hopes and fears
Graphs over time; clusters/themes
2-3 CLDs

Synthesis CLDs; identification of common structures/
variables; example of CLD function

List of action ideas, ranked by feasibility, potential impact

we implemented the Graphs Over Time script, in
which each participant identified one or more vari-
ables that influence diet disparities in Philadelphia
and then drew both a “hoped for” and a “feared” tra-
jectory describing how each variable might change
over time. Graphs Over Time is generative in that
it prompts the group to generate a list of important
variables; it also encourages participants to think
dynamically (i.e., temporal trajectories) and coun-
terfactually (i.e., hoped-for vs. feared trajectories).
In the next key activity, we asked small groups
of 3—-4 participants to develop a causal loop dia-
gram (CLD) depicting variables, relationships, and
feedback loops that explained diet disparities in
Philadelphia.

After each group presented their CLD back to
the larger group, the facilitation team drafted an
aggregate model that incorporated the small group
CLDs. The goal in drafting the aggregate model
was to include all feedback loops identified in each
of the small group CLDs, merge common elements
(e.g., variables that were the same or very similar),
and make only minimal (and ideally no) changes to
structures included in the small group CLDs. The
full group then engaged in a synthesis activity; the
goal of the synthesis activity was to edit the aggre-
gate model and, ultimately, to achieve consensus
that it accurately incorporated stakeholders’ per-
spectives. While the activity was guided by facili-
tators, changes to the model were made directly by
participants. Though disagreements were uncom-
mon, the facilitators asked clarifying questions to
elicit further descriptions and support participants
to productively work through any disagreements.
In the final key activity, we asked each participant
to propose intervention ideas to eliminate diet dis-
parities. Additional details regarding group model
building methods, scripted activities, and roles are
described in detail elsewhere [25].
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Artifact Analysis

The research team used a semi-structured approach to
generate a single, synthesis model that incorporates
key variables, relationships, and feedback loops from
the aggregate CLDs produced in each of the three
workshops. First, we conducted a content analysis to
identify common themes among the variables in the
aggregate CLDs produced in each of the three work-
shops. We adopted an analytic approach informed by
Pluchinotta and colleagues [26], which draws from
well-established qualitative research methods, par-
ticularly inductive thematic analysis [27]. We decom-
posed each of the three aggregate CLDs into a list of
unique variables and then used an inductive thematic
analysis to sort each variable into a single, “best fit”
cluster or theme using workshop notes and tran-
scripts. Three coders—all present in the workshops—
independently identified and named the clusters
and then discussed and reconciled divergent results
(Braun & Clarke, 2006).

Second, we calculated the degree centrality for
all variables in each of the three aggregate CLDs in
order to identify variables that were highly connected
within the context of the system structures identified
by participants [28]. For each variable, we counted
the number of CLDs in which the variable was pre-
sent (i.e., range of only one CLD to all three) and the
number of causal connections to the variable (i.e., the
total number of causal arrows into and out of each
variable) across each of the three CLDs [28].

We used the content analysis, workshop transcripts
and recordings, and degree centrality of each vari-
able as inputs in prioritizing loops and variables to be
included in the synthesis CLD. We used procedures
similar to rigorously interpreted quotation analysis
(RIQ) [29] to synthesize variables, connections, and
feedback loops across workshops. RIQ uses an inter-
pretive process to confirm or disconfirm all diagram
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elements in a CLD by comparing it to stakeholders’
explicit descriptions of their experiences, based pri-
marily on transcripts, recordings, and notes from the
workshops. We decomposed participant quotations
into small phrases and identified phrases that sup-
ported or disconfirmed CLD elements (variables and
feedback loops). For example, a code assigned to a
causal arrow can confirm the direction of the rela-
tionship between the variables as well as the direc-
tionality (i.e., positive or negative). When necessary,
we made minor revisions to variable names, variable
definitions, causal arrows, and their polarity to accu-
rately reflect participant quotations and discussions.
We conducted the synthesis iteratively, with three
members of the research team making synthesis deci-
sions and presenting participant quotations as evi-
dence to the full team until we reached a consensus.
We repeated this process until the synthesized CLD
represented the key interrelationships and main feed-
back loops identified by stakeholders.

Results
Stakeholder Participation

Twenty-nine stakeholders participated across the
three workshops (n=7, 9, and 13, respectively).
Five participants were researchers, nine were policy
experts, and 15 represented community-based organi-
zations or community members active in food justice.
Participant breakdown by workshop is in Supplemen-
tal Table 1.

Common Understanding of the System

The aggregate CLDs produced in each of the three
workshops contained a total of 56 unique variables
(Table 2). Several variables were common across
more than one workshop. For instance, all three dia-
grams included the variables “income” and “access
to quality foods.” The research team identified the
following six themes based on the variables in the
CLDs: (1) built environment, (2) economic resources,
(3) individual attitudes and behaviors, (4) policies and
lobbying, (5) social equity, and (6) system outputs.
There was a total of 43 feedback loops across the
three aggregate CLDs (Supplemental Figs. 1-3). Col-
lectively, variables in the built environment theme

appeared in 39 feedback loops; the most common
variables were “food retail markets” and “access to
quality, healthy foods,” each of which appeared in 12
feedback loops. The variable “supportive built envi-
ronment” was in 7 feedback loops. Variables from
other themes that were present in many feedback
loops include “gentrification” (9 feedback loops),
“diet disparities” (8), “poverty disparities” (6),
“investment into communities” (5), and “income” (5).

The synthesis CLD (Fig. 1) includes one balanc-
ing and 14 reinforcing feedback loops. In Table 3, we
present a description of each feedback loop, devel-
oped using the words of participants through session
recordings and notes. The variables with the highest
degree centrality—and thus the most highly con-
nected within the system—were “access to affordable,
healthy, and culturally meaningful food,” “income,”
and “community investment and empowerment.”

An illustrative example of the RIQ analysis that we
used to verify CLD elements is in Appendix 2; the
example describes inputs and quotations in support of
loop R6 in the synthesis of CLD. We synthesized the
loop from three reinforcing feedback loops described
in two of the workshops. Illustrative quotations from
two of the workshops are below:

From the developers, we see the change in the
neighborhood, because as you’re losing your
property, developers come in and grab it up.
Then there is a new building, and your neigh-
borhood starts changing.—Participant in Work-
shop 1

Like [Philadelphia neighborhood] became
[Philadelphia neighborhood] because [devel-
oper] decided, along with [restaurateur] to col-
laborate together and build up that place. You
could still get a house for like $100,000 and
now you can’t.—Participant in Workshop 3

Broadly, the synthesized loop encapsulates a fun-
damentally similar process, via which real estate
development accelerates neighborhood gentrifica-
tion by increasing neighborhood prices. This pricing
out, in turn, reduces property ownership and housing
security among longer-term residents.

Promising Policies and Interventions

Across the three workshops, participants proposed
53 unique action ideas to address diet disparities

@ Springer
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Table 2 Variables included
in causal loop diagrams
across three group model
building workshops to
explicate systems that
produce food access and Supportive built environment -
diet disparities Intentional greenspace -

Variable W1 W2 W3 Total loops!

Built environment 39

Food retail markets - X 12

Urban farms and community gardens -

— NN O O

X
X
X

Transportation - X =
X
Crime X
X

X
—_
]

Access to quality, healthy foods

|
|
—_

Access to culturally meaningful food

|
|
o

Neighborhood quality
Safety - X X

2o

Economic resources
Investment (into communities) X X -
Community empowerment - X -
Community knowledge and information sharing - - X
Food prices - X X
Disposable income for food - - X
Resources and wealth -
Income X
Property ownership X - -

Individual attitudes and behaviors
Diet “healthfulness” - - X
Consumption of food away from home - X -
Consumption of fast food X - -
Nourishment - - X
Disparities in time for diet-related activities X - -

Politics, policies, and social systems
Community land use and control - X
Capitalism - X -
Market forces (corporate lobbying) - X
Interests of corporations - - X
Gentrification - X X
Immigration policy - - X
Local food policy - X -
Cost of living X - -
Food availability (upstream supply) - - X
Disparities in perceptions of (community) buying power X - -
Political power - -
Voting - -
Developers X = -
SNAP and public benefits (eligibility and program access) - - X

(O8]
N O = = N AN = WD O ==, O =, OO0 0O C =N W = N Wo wwn

Emergency food relief - X -

—
W

Social equity
Incarceration - X -
Respect for differences in ancestral and cultural food contexts — - X
Indigenous removal - X -

N = =N

Asian (immigrant) communities - - X
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Table 2 (continued) Variable

W1 W2 W3 Total loops!

Language barriers

Segregation

Redlining

Structural racism

Racism

Racial oppression

White supremacy
System outputs

Diet disparities

Food security

Chronic disease disparities

Health
Health/quality of life
Housing security
Poverty disparities
Climate change

- - X 0
- X - 0
X X - 2
X X - 1
X - 2
- - X 1
- X X 3

26
- X - 8
- X X 4
X - - 3
- X - 1
- - X 2
- - X 2
X - - 6
- X - 1

!"The column “Total loops™ is the sum of the count of loops in which every unique variable within
a theme appears; it is not a count of the unique loops in which any variable in the theme appears,
because multiple variables within a theme may appear in the same feedback loop (e.g., food retail
markets and supportive built environment are both in the same feedback loop from Workshop 2)

TR

symbol indicates that the variable was not included in a workshop’s CLD; “X” symbol indicates

that the variable was included in the workshop’s CLD

in Philadelphia (see Supplementary Table 2). The
research team identified the following seven thematic
clusters of action ideas: (1) built environment, (2)
individual attitudes and behaviors, (3) targeted redis-
tribution of resources, (4) safety net improvements,
(5) community empowerment, (6) market interven-
tions, and (7) others. Participants most commonly
identified action ideas in the “individual attitudes and
behaviors” theme (7= 12 action ideas), the “safety net
improvements” theme (n=10), and the “community
empowerment” (n=10).

Participants proposed action ideas targeting both
upstream factors related to social determinants of
health and downstream factors that were specific to
food or food access. Action ideas addressing social
determinants included universal health coverage,
funding to increase general and low-income hous-
ing, reparations, regulations to limit gentrification,
increased access to high-paying jobs, and guaran-
teed basic income. Generally, participants rated
these action ideas as highly impactful but relatively
difficult to implement. Action ideas targeting food
and food systems included funding to build more

supermarkets with quality foods, resources for com-
munity gardens or urban agriculture, taxes on retail-
ers, nutrition education, and incentives for consum-
ers to purchase nutritious foods or shop locally.
Participants rated these ideas as easier to implement
than those addressing social determinants, but less
impactful.

Discussion

Findings from this study yield several insights with
respect to participants’ perspectives on systems that
produce and maintain disparities in food access and
diet in Philadelphia: First is that participants placed
relatively lower emphasis on downstream variables
and greater emphasis on upstream variables. The
most highly connected downstream variable was diet
disparities, the main outcome that participants were
asked to explore. Other highly connected down-
stream variables were those related to both physical
and economic access to affordable, healthy, and cul-
turally appropriate foods. Key upstream variables

@ Springer
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Fig. 1 Synthesis causal loop diagram explaining food access and diet disparities in Philadelphia

included those related to the social, policy, and politi-
cal systems in which minoritized urban communities
are embedded. Among the most highly connected
variables were those related to racism (e.g., White
supremacy, racial oppression, racism, structural rac-
ism, redlining, and residential segregation) and com-
munity power (e.g., community land control, commu-
nity investment, and empowerment).

Importantly, a variable with a high degree central-
ity is not necessarily a leverage point or a place in a
system where a relatively small change can have an
outsized impact on system behavior [30]. Identifica-
tion of leverage points requires examination of the
strength and directionality of causal relationships, as
well as the overall structure of the system. However,
several of the most highly connected variables in the
synthesis CLD—and particularly the upstream vari-
ables related to racism and community power—were
included in feedback structures identified during the
workshops and prominent in discussions of system
structure. For example, variables related to residential
segregation (i.e., segregation, redlining, gentrifica-
tion) were discussed in all three workshops and were
involved in a high number of feedback loops. These

@ Springer

variables warrant further qualitative and quantitative
exploration to understand their role in generating,
maintaining, and potentially addressing disparities.

The emphasis on upstream factors—in CLDs and
descriptions of system function—adds to the large
literature suggesting that the most effective means
of addressing disparities in a range of health-related
behaviors and outcomes (including diet) is to target
fundamental social causes of disease [31], includ-
ing poverty, housing security, neighborhood stabil-
ity, and community power [11, 31]. Many variables
identified by participants in this study sit at the
nexus between the community and societal levels
of influence and the built and sociocultural environ-
ment domains.

A second insight is that participants were able
to identify a high number of reinforcing loops that
underpin and perpetuate disadvantage among minor-
itized populations and communities, as well as bal-
ancing feedbacks that may prevent changes to the
system. Across the three workshops, participants
identified 43 unique feedback loops related to the pro-
duction and persistence of disparities. These loops
align with research suggesting that health disparities,
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Table 3 Descriptions of feedback loops included in the synthesis causal loop diagram explaining food access and diet disparities

R1  Veoting — community political power —immigrant communities

Growing immigrant communities and the power of voting. Increased voting rates allow for communities to self-govern, perhaps
passing more immigrant-friendly policies. Immigrant communities are more likely to reside in places with community politi-
cal power, as they may be more likely to pass immigrant-friendly policies. Larger immigrant communities allow for greater
political representation and increase voting rates among immigrants

R2 Income— disparities in perceptions of buying power — community investment and empowerment

Poverty and investment disparities. Increased disparities in poverty levels across neighborhoods lead to widening disparities in
the perceptions of public and private decision-makers regarding the buying power within those neighborhoods. Differences in
communities’ perceived buying power affect levels of potential community investment, as businesses may not want to open in
areas they do not anticipate will be successful. Greater investment back into the community results in increased opportunities
for income due to economic revitalization and a greater number of businesses in the area

R3 Disparities in perceptions of buying power — community investment and empowerment — racism

Racism and development. Differences in communities’ perceived buying power affect levels of potential community invest-
ment, as businesses may not want to open in areas they do not anticipate will be successful. Lower investment in commu-
nities leads to increased levels of racism. Increased levels of racism feed back into perceptions of neighborhoods’ buying
power, as minoritized communities may be seen as having less buying power

R4  Access to affordable, healthy, and culturally meaningful food — diet disparities — White supremacy — racism — respect
for differences in ancestral and cultural foods

Respect for different ancestral and cultural foods fights racial oppression and reduces diet disparities. Access to quality,
healthy foods decreases diet disparities because there are greater choices in food and greater affordability. Greater disparities
in diet can lead to increases in White supremacy, as diet healthfulness is viewed through a White ethnocentric lens. Higher
rates of White supremacy create a system in which there are more opportunities for racism. Decreased racial oppression
allows for more celebration of different cultures and greater connections to one’s culture/ancestors and ultimately results
in a greater respect for differences in ancestral and cultural food contexts. Increased respect for differences in ancestral and
cultural food contexts results in greater food access for different communities because there will be more choices for food
options of different cultural and ancestral backgrounds

RS Community investment & empowerment — developers — Community land use — access to affordable, healthy, and
culturally meaningful food

Community investment as a way to increase food options. Community empowerment decreases gentrification because develop-
ers may not exploit economic opportunities for development and displacement in empowered communities. Fewer opportuni-
ties for developers to gentrify areas allow communities to maintain control over their own land and afford to stay. Increased
control of the community over their own land results in greater use of the land for community-focused needs for food,
improving access. More access to food allows communities not only to have more food choices, but also opportunities for
business ownership, which improves community empowerment

R6 Developers — cost of living — property ownership and housing security

Gentrification and property ownership. The increased presence of developers and redevelopment of neighborhoods results in
increased property values and cost of living, including the cost of property taxes, food, or other necessities. The higher cost
of living displaces existing property owners, increasing housing insecurity and making it difficult for neighborhood residents
to buy homes. As community property ownership and housing security decrease, development increases further

R7  Access to affordable, healthy, and culturally meaningful food — community investment and empowerment — income

Income improves access to healthy foods. More access to food allows communities not only to have more food choices, but also
opportunities for business ownership, which improves community empowerment. Greater investment back into the commu-
nity results in increased opportunities for income due to economic revitalization and a greater number of businesses in the
area. Greater income improves an individual’s ability to access quality, healthy food because they can overcome access barri-
ers like unaffordability and physical inaccessibility (e.g., having transportation if living far away from a food market)

R8 Income— property ownership and housing security

Property ownership as a source of income. After a delay, an increase or accumulation of income allows individuals/families to
buy properties and be more housing secure. Property ownership creates more opportunities for higher income through wealth
accumulation (e.g., rental income, home equity)

R9 Diet disparities — health disparities

Reinforcement of diet disparities and health. Poor health could increase diet disparities via health problems limiting physical
access to food (both in purchasing and preparation). Disparities in diet quality may lead to higher rates of chronic disease and
health disparities in certain populations
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Table 3 (continued)

R10 Crime— food retail

The criminalization of hunger. Increased crime limits the number of food retailers willing to settle in the area, to avoid theft
and crime. A reduced presence of food retailers in a neighborhood causes residents to seek alternative methods (crime) to

feed their families

R11 Income— health disparities

Disposable income improves health. A greater income decreases disparities in health and overall well-being/quality of life, as
you can spend more on healthy food, healthcare costs, etc. Health disparities increase poverty disparities, as those who are

burdened by disease have higher healthcare costs
R12 Community land use — developers

Gentrification and community displacement. Community empowerment decreases gentrification because developers may not
exploit economic opportunities for development and displacement in empowered communities. Fewer opportunities for
developers to gentrify areas allow communities to maintain control over their own land and afford to stay

R13 Community political power — protective food policy — corporate interests

Corporate interests and food policy. Increased control of the community over their own land results in greater use of the land
for community-focused needs such as urban farms or community gardens. Urban agriculture opportunities can empower
communities by creating jobs, allowing a community to be self-sustaining, and growing their own foods. Local policymakers
are encouraged to react to the issues that pertain most to their communities, like policies that make food more accessible

R14 Diet disparities — Health disparities — White supremacy — racism — segregation — access to affordable, healthy, and

culturally meaningful food

Cycles of segregation and exclusion. Disparities in diet quality lead to higher rates of chronic disease and health disparities.
Increased health disparities cause healthfulness to be viewed through a White ethnocentric lens, increasing levels of White
supremacy. Higher rates of White supremacy create a system in which there are more opportunities for racism and, ulti-
mately, segregation. Racism and othering can reduce passage of protective food policy (e.g., access to SNAP benefits, school
lunches, sugar tax), which decreases access to food and increases diet disparities

B1 Protective food policy — access to affordable, healthy, and culturally meaningful food — diet disparities

Policymaking to increase food access. Food policy, such as restrictions on advertising/marketing, can decrease the ability of
food corporations to target poor and minoritized communities to provide and promote unhealthy foods. Access to quality,
healthy foods decreases diet disparities because there are greater choices in food and greater affordability. Corporate interests
can destabilize community political power, as those corporations will continue to lobby and contribute to politicians who
ensure ongoing political representation and influence over local policymaking

and, by extension, diet disparities, are the product of a
complex system [10]. Systems thinking and participa-
tory systems methods like group model building can
complement existing public health frameworks by
elucidating dynamics that are sometimes overlooked
but that are critical for understanding the production,
persistence, and durability of health disparities.

A third insight is that both contemporary and his-
torical examples of several of the causal connections
and feedback loops identified by participants can be
identified in Philadelphia. Several feedback loops
described mechanisms via which specific forms of
community power and inequities in power are inter-
connected with access to affordable, healthy, and cul-
turally meaningful food. For example, this includes
loops related to community land use and control (i.e.,
RS5 in the synthesis model), racism (R4), and commu-
nity investment and empowerment (RS, R7). Recent
work by Gripper et al. (2022) illustrates a similar

@ Springer

dynamic, in which many Philadelphia neighborhoods
experienced economic devastation in the 1950s and
1990s because of population decline, White families
fleeing to suburbs, and businesses leaving the area
[32]. Black and immigrant communities reclaimed
vacant spaces to grow their own food and, as a result,
community-based organizations emerged that were
focused on urban agriculture, ultimately increasing
access to fresh produce [32].

Contemporary examples can also be identified
for causal connections in feedback loop R5 linking
real estate development, community land use, food
access, and community investment and empower-
ment. Research that informed the city’s recent urban
agriculture plan revealed that over 140 community
gardens in Philadelphia, most of which were devel-
oped organically by local urban gardeners on aban-
doned or blighted property, were lost due to demoli-
tion by land owners, redevelopment, or other factors
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[33]. Similarly, an estimated one-third of the remain-
ing active community gardens are threatened by
gentrification, particularly those on tax-delinquent
land [33]. Communities’ repurposing of vacant and
blighted properties for community gardens exempli-
fies a link in RS, positing that community land use
and control can improve access to affordable, healthy,
and culturally meaningful foods. A contemporary
example of the next relationship in R5—that improv-
ing food access can increase community investment
and empowerment—is the role that local restaurants
and food markets have played in opposing the devel-
opment of a proposed professional basketball arena
in Philadelphia’s Chinatown neighborhood [34, 35].
Community coalitions used a survey of 100 China-
town businesses—90 of which oppose the new con-
struction—in lobbying and political organizing efforts
to oppose the proposal [35]. This political organizing
also exemplifies the final posited relationship in RS:
that empowered communities can act as a check on
real estate development.

Though the current study is grounded in the Phil-
adelphia context, many of the study’s insights are
relevant to other urban contexts. For example, there
are several overlaps between our findings and those
of Freedman et al. (2022), who explored nutrition
equity in Cleveland. Both studies identified variables
and feedback structures related to the role that com-
munity land use plays in ensuring access to affordable
and appropriate food, as well as social and political
dynamics that impact communities’ fair access to
land. Similarly, both studies emphasized the impor-
tance of community investment and empowerment
to advance racial equity, including by creating well-
paying jobs in communities and ensuring access to
healthy food retail. Both studies also included feed-
back loops via which increases in communities’ polit-
ical power and policy engagement can lead to food
policies that advance equity. These similarities may
represent common underlying structures that can be
leveraged in efforts to build and advance food system
equity across varying urban contexts.

Strengths and Limitations

This study has several important strengths and
some limitations. First, we used an established

method—group model building—to engage a broad
range of policy, research, and community stakehold-
ers to define the systems that drive disparities in food
access and diet between Philadelphia neighborhoods,
as well as to identify systems-informed action ideas to
address disparities. The synthesis CLD includes vari-
ables that are generally consistent with those found
in other disparities frameworks; the main innovation,
however, is that the CLD emphasizes the interrela-
tionships between these variables and the feedback
loops that perpetuate disparities. Another strength of
the study is our approach to developing the synthe-
sis CLD, particularly via the combination of thematic
cluster analysis, degree centrality computation, and
RIQ methods [28, 29]. This triangulation approach
helped us to identify and confirm elements (i.e., vari-
ables, relationships, feedback loops) across the mul-
tiple CLDs produced in the three workshops and to
ensure consistency with participants’ perspectives.

A potential limitation of the study is that we did
not attempt to recruit a probabilistic sample of stake-
holders in the Philadelphia food system, and as with
any community-engaged research, findings reflect
the unique perspectives and positionality of partici-
pants. Furthermore, we did not attempt to “empirically
verify” causal links posited by participants (e.g., by
identifying studies to support and quantify the causal
influence of X on Y). This general limitation notwith-
standing, many of the upstream variables that were
most central to the synthesis CLD (e.g., those related
to racism, community empowerment, income) are
clearly highly relevant to Philadelphia and other cities.

Another potential limitation is that the synthe-
sis CLD was developed by the research team and
not directly verified by participants post-synthesis
(though it was shared with them). This may have
resulted in deviations from participants’ perspectives.
However, these risks were mitigated through our use
of content analysis of notes and transcripts, degree
centrality, and RIQ methods in the development
of the CLD. An alternative approach would be to
design a follow-up workshop with return participants
to directly develop the synthesis CLD or to review,
consider, and refine the synthesis CLD. Such an
approach, however, would increase participant burden
and could also omit the perspectives of participants
unable to return for a synthesis activity.
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Conclusions

Stakeholder-engaged systems thinking methods like
group model building are useful for creating a shared
understanding of the systems that produce and rein-
force inequities in health. Findings from this study,
driven by local experts, suggest that effectively
addressing disparities in food access and diet will
require not only targeting upstream social determi-
nants, but also recognizing and disrupting the rela-
tionships and feedback loops that connect upstream
factors, reinforce disparities and place minoritized
neighborhoods and communities at ongoing disad-
vantage, and limit the effectiveness of policies and
interventions targeting a single factor. Promising poli-
cies include those that empower communities, pro-
vide communities with mechanisms to retain and use
land and other assets for their own benefit, and disrupt
the multiple, reinforcing mechanisms via which rac-
ism creates and sustains health and social disparities.

Acknowledgements This study was  funded by
ROIMDO015107. The funder had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

1. Rabbitt MP, Hales LJ, Reed-Jones M, Coleman-Jensen A.
USDA Economic Research Service, ed. Food Security in
the U.S. USDA Economic Research Service; 2024. https:/
www.ers.usda.gov/topics/food-nutrition-assistance/food-
security-in-the-u-s/. Accessed 3 Aug 2023.

2. Gundersen C, Ziliak JP. Food insecurity and health out-
comes. Health Aff. 2015;34(11):1830-9. https://doi.org/
10.1377/hlthaff.2015.0645.

3. Coleman-Jensen A, Rabbitt MP, Gregory CA, Singh A.
Household food security in the United States in 2021.

@ Springer

10.

11.

12.

13.

14.

15.

16.

Economic Research Report Number 2022;309. https:/
www.ers.usda.gov/publications/pub-details/?pubid=
104655. Accessed 12 Aug 2023.

U.S. Census Bureau. Real median household income
by race and hispanic origin: 1967 to 2020. U.S. Cen-
sus Bureau, Current Population Survey, 1968 to 2021
Annual Social and Economic Supplements; 2022.
https://www.census.gov/content/dam/Census/libra
ry/visualizations/2021/demo/p60-273/figure2.pdf.
Accessed 1 Mar 2024.

Drewnowski A. Obesity and the food environment: dietary
energy density and diet costs. Am J Prev Med. 2004;27(3,
Supplement):154-62.  https://doi.org/10.1016/j.amepre.
2004.06.011. (2004/10/01/).

Bloome D. Racial inequality trends and the intergen-
erational persistence of income and family structure. Am
Sociol Rev. 2014;79(6):1196-225.

Williams DR, Collins C. Racial residential segregation: a
fundamental cause of racial disparities in health. Public
Health Reports. 2001;116(5):404—16. https://doi.org/10.
1093/phr/116.5.404.

Morland K, Wing S, Diez Roux A, Poole C. Neigh-
borhood characteristics associated with the location
of food stores and food service places. Am J Prev Med.
2002;22(1):23-9. https://doi.org/10.1016/S0749-3797(01)
00403-2. (2002/01/01/).

Cannuscio CC, Tappe K, Hiller A, Buttenheim A, Kar-
pyn A, Glanz K. Urban food environments and residents’
shopping behaviors. Am J Prev Med. 2013;45(5):606—-14.
https://doi.org/10.1016/j.amepre.2013.06.021.

Diez Roux AV. Complex systems thinking and cur-
rent impasses in health disparities research. Am J Public
Health. 2011;101(9):1627-34.

National Institute on Minority Health and Health Dispari-
ties. NIMHD Research Framework. https://nimhd.nih.gov/
researchFramework. Accessed 26 Jul 2023.

Ludwig J, Duncan GJ, Gennetian LA, et al. Long-
term neighborhood effects on low-income families:
evidence from moving to opportunity. Am Econ Rev.
2013;103(3):226-31.  https://doi.org/10.1257/aer.103.3.
226.

Ortega AN, Albert SL, Chan-Golston AM, et al. Substan-
tial improvements not seen in health behaviors follow-
ing corner store conversions in two Latino food swamps.
BMC Public Health. 2016;16(1):1-10.

Guan A, Hamad R, Batra A, Bush NR, Tylavsky FA,
LeWinn KZ. The revised WIC food package and child
development: a quasi-experimental study. Pediatrics.
2021;147(2). https://doi.org/10.1542/peds.2020-1853.
Langellier BA, Bilal U, Montes F, Meisel JD, de Oliveira
CL, Hammond RA. Complex systems approaches to diet:
a systematic review. Am J Prev Med. 2019;57(2):273-81.
Bruch EE. How population structure shapes neighborhood
segregation. Am J Sociol. 2014;119(5):1221-78.
Auchincloss AH, Riolo RL, Brown DG, Cook J, Roux
AVD. An agent-based model of income inequalities in
diet in the context of residential segregation. Am J Prev
Med. 2011;40(3):303-11.

Schelling TC. Dynamic models of segregation. J Math
Sociol. 1971;1(2):143-86.


http://creativecommons.org/licenses/by/4.0/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-u-s/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-u-s/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-u-s/
https://doi.org/10.1377/hlthaff.2015.0645
https://doi.org/10.1377/hlthaff.2015.0645
https://www.ers.usda.gov/publications/pub-details/?pubid=104655
https://www.ers.usda.gov/publications/pub-details/?pubid=104655
https://www.ers.usda.gov/publications/pub-details/?pubid=104655
https://www.census.gov/content/dam/Census/library/visualizations/2021/demo/p60-273/figure2.pdf
https://www.census.gov/content/dam/Census/library/visualizations/2021/demo/p60-273/figure2.pdf
https://doi.org/10.1016/j.amepre.2004.06.011
https://doi.org/10.1016/j.amepre.2004.06.011
https://doi.org/10.1093/phr/116.5.404
https://doi.org/10.1093/phr/116.5.404
https://doi.org/10.1016/S0749-3797(01)00403-2
https://doi.org/10.1016/S0749-3797(01)00403-2
https://doi.org/10.1016/j.amepre.2013.06.021
https://nimhd.nih.gov/researchFramework
https://nimhd.nih.gov/researchFramework
https://doi.org/10.1257/aer.103.3.226
https://doi.org/10.1257/aer.103.3.226
https://doi.org/10.1542/peds.2020-1853

Participatory Systems Thinking to Elucidate Drivers of Food Disparities

1247

19

20.

21.

22.

23.

24.

25.

26

27

28

29.

Brittin J, Araz OM, Nam Y, Huang T-K. A system
dynamics model to simulate sustainable interventions on
chronic disease outcomes in an urban community. J Simul.
2015;9(2):140-55.  https://doi.org/10.1057/jos.2014.16.
(2015/05/01).

Hovmand P. Community-based system dynamics. New
York: Springer-Verlag; 2014.

Brennan LK, Sabounchi NS, Kemner AL, Hovmand P.
Systems thinking in 49 communities related to healthy
eating, active living, and childhood obesity. J Public
Health Manag Pract. 2015;21:S55-69.

Freedman DA, Clark JK, Lounsbury DW, et al. Food sys-
tem dynamics structuring nutrition equity in racialized
urban neighborhoods. Am J Clin Nutr. 2022;115(4):1027-
38. https://doi.org/10.1093/ajcn/nqab380.

Langellier BA, Kuhlberg JA, Ballard EA, et al. Using
community-based system dynamics modeling to under-
stand the complex systems that influence health in cities:
the SALURBAL study. Health Place. 2019;60:102215.
Savona N, Brown A, Macauley T, et al. System mapping
with adolescents: using group model building to map the
complexity of obesity. Obes Rev. 2023;24:¢13506.
Hovmand P, Rouwette E, Andersen D, Richardson G.
Scriptapedia. 2015. https://en.wikibooks.org/wiki/Scrip
tapedia. Accessed 1 Jul 2018.

Pluchinotta I, Salvia G, Zimmermann N. The importance
of eliciting stakeholders’ system boundary perceptions
for problem structuring and decision-making. Eur J Oper
Res. 2022;302(1):280-93. https://doi.org/10.1016/j.¢jor.
2021.12.029. (2022/10/01/).

Braun V, Clarke V. Using thematic analysis in psychology.
Qual Res Psycho. 2006;3(2):77-101. https://doi.org/10.
1191/1478088706qp0630a. (2006/01/01).

Ozesmi U, Ozesmi SL. Ecological models based on peo-
ple’s knowledge: a multi-step fuzzy cognitive mapping
approach. Ecol Model. 2004;176(1):43-64. https://doi.
org/10.1016/j.ecolmodel.2003.10.027. (2004/08/15/).
Tomoaia-Cotisel A, Allen SD, Kim H, Andersen D,
Chalabi Z. Rigorously interpreted quotation analysis for

30.

31.

32

33.

34.

35.

evaluating causal loop diagrams in late-stage conceptual-
ization. Syst Dyn Rev. 2022;38(1):41-80. https://doi.org/
10.1002/sdr.1701.

Crielaard L, Quax R, Sawyer AD, et al. Using net-
work analysis to identify leverage points based on
causal loop diagrams leads to false inference. Sci Rep.
2023;13(1):21046.

Link BG, Phelan J. Social conditions as fundamen-
tal causes of disease. J Health Soc Behav. 1995 (Extra
Issue):80-94. https://doi.org/10.2307/2626958. Accessed
1 Aug 2023.

Gripper AB, Nethery R, Cowger TL, White M, Kawachi I,
Adamkiewicz G. Community solutions to food apartheid:
a spatial analysis of community food-growing spaces and
neighborhood demographics in Philadelphia. Soc Sci Med.
2022;310:115221.  https://doi.org/10.1016/j.socscimed.
2022.115221. (2022/10/01/).

Lovell KO, Richards A, Baxter K, et al. Philadelphia’s
urban agriculture plan: growing from the root. Philadel-
phia Parks & Recreation; 2023. https://www.phila.gov/
media/20230421153052/Philadelphia-Urban-Agriculture-
Plan.pdf. Accessed 1 Aug 2023.

Philadelphia Chinatown Development Corporation.
PCDC Statement of Opposition to the 76ers Arena. Phil-
adelphia Chinatown Development Corporation; 2023.
https://chinatown-pcdc.org/wp-content/uploads/2023/03/
76ers-Press-Release-3.23.pdf. Accessed 28 Aug 2023.
Levy J. Chinatown orgs form official coalition to oppose
Sixers arena, with high-powered legal support,. Billy
Penn at WHY'Y; 2023. https://billypenn.com/2023/01/09/
philadelphia-chinatown-anti-arena-coalition-sixers-aaldef-
legal-support/. Accessed 28 Aug 2023.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer


https://doi.org/10.1057/jos.2014.16
https://doi.org/10.1093/ajcn/nqab380
https://en.wikibooks.org/wiki/Scriptapedia
https://en.wikibooks.org/wiki/Scriptapedia
https://doi.org/10.1016/j.ejor.2021.12.029
https://doi.org/10.1016/j.ejor.2021.12.029
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1016/j.ecolmodel.2003.10.027
https://doi.org/10.1016/j.ecolmodel.2003.10.027
https://doi.org/10.1002/sdr.1701
https://doi.org/10.1002/sdr.1701
https://doi.org/10.2307/2626958
https://doi.org/10.1016/j.socscimed.2022.115221
https://doi.org/10.1016/j.socscimed.2022.115221
https://www.phila.gov/media/20230421153052/Philadelphia-Urban-Agriculture-Plan.pdf
https://www.phila.gov/media/20230421153052/Philadelphia-Urban-Agriculture-Plan.pdf
https://www.phila.gov/media/20230421153052/Philadelphia-Urban-Agriculture-Plan.pdf
https://chinatown-pcdc.org/wp-content/uploads/2023/03/76ers-Press-Release-3.23.pdf
https://chinatown-pcdc.org/wp-content/uploads/2023/03/76ers-Press-Release-3.23.pdf
https://billypenn.com/2023/01/09/philadelphia-chinatown-anti-arena-coalition-sixers-aaldef-legal-support/
https://billypenn.com/2023/01/09/philadelphia-chinatown-anti-arena-coalition-sixers-aaldef-legal-support/
https://billypenn.com/2023/01/09/philadelphia-chinatown-anti-arena-coalition-sixers-aaldef-legal-support/

	Participatory Systems Thinking to Elucidate Drivers of Food Access and Diet Disparities among Minoritized Urban Populations
	Abstract 
	Introduction
	Methods
	Participant Recruitment
	Group Model Building Overview
	Artifact Analysis

	Results
	Stakeholder Participation
	Common Understanding of the System
	Promising Policies and Interventions

	Discussion
	Strengths and Limitations
	Conclusions

	Acknowledgements 
	References


