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Abstract

Participatory modeling (PM) is an engaged research methodology for creating
analog or computer-based models of complex systems, such as socio—
environmental systems. Used across a range of fields, PM centers stake-
holder knowledge and participation to create more internally valid models
that can inform policy and increase engagement and trust between com-
munities and research teams. The PM process also presents opportunities
for knowledge co-production and eliciting cross-sectional and longitudinal
data on stakeholders’ worldviews and knowledge, risk assessment, decision-
making, and social learning. We present an overview of the stages for PM and
how it can be used for community-based, stakeholder-engaged social sci-
ence research.
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Participatory modeling (PM) is a methodology that centers stakeholder
knowledge and participation in models of complex systems (Sterling et al.
2019; Voinov and Gaddis 2008; Voinov et al. 2018). Systems modeling
originated as a way for natural scientists to represent functions and predict
outcomes of complex systems (particularly environmental systems) for policy
and planning purposes (Felling 1974; Jordan et al. 2018; Voinov et al. 2016).
In traditional systems modeling, researchers identify and observe key social
and environmental variables, iteratively determine the relationships between
those variables, and map the results into an explanatory or predictive model
(Ford 2010). However, when used for socio—environmental systems, this
approach has been critiqued as lacking internal validity and credibility with
local stakeholders (Prell et al. 2007).

In response, participatory modeling, and related forms of collaborative and
group model building (Andersen et al. 2007; Basco-Carrera et al. 2017),
evolved into a broad methodology for incorporating stakeholder knowledge
and participation into the modeling process. Used across a wide range of
fields—including health (Lee et al. 2017; Weeks et al. 2017), development
planning (Papageorgiou et al. 2020), and environmental research (Hedelin
etal. 2017; Rockmann et al. 2012)—the goal of PM is to facilitate stakeholder
interactions as they come to agree on shared, mutually understood models of
complex systems that can better inform problem-solving and policy decisions
(Voinov et al. 2018).

Participatory modeling enables stakeholder-centered knowledge co-
production. Researchers may also capture dynamic data on human cogni-
tion, behavior, and interactions that may be more difficult to elicit through
more conventional researcher-driven methods like interviews and surveys
(Jordan et al. 2018). Such data can illuminate stakeholders’ worldviews, risk
perceptions, and conceptualizations of the environment (Hemmerling et al.
2019; Landstrom et al. 2011). Further, through PM, researchers can capture
cross-sectional and longitudinal data on social learning (Gray et al. 2018;
Hedelin et al. 2017), collaborative decision-making and consensus-building
(de Vente et al. 2016; Falconi and Palmer 2017), and community engagement
(Newell et al. 2021) during the model’s development. Because PM prioritizes
stakeholder—researcher collaboration, it can help democratize knowledge
production like other forms of participatory research and praxis (Cornwall and
Jewkes 1995).

Below, we outline the generalized stages for PM and indicate some of the
different methods researchers may use during the PM process, with a focus on
techniques for eliciting and analyzing social science data. In practice, PM
incorporates diverse methods and should therefore be considered a meth-
odology, or general approach to methods, rather than a specific method in
itself (King 1994). PM is also highly iterative; researchers often work through
multiple stages simultaneously (Voinov et al. 2018).
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Stage |: Selecting Roles and Sites

Research teams first identify who will fulfill different roles in the PM process,
including the discussion facilitator (who elicits information and facilitates
interactions) and the modeler (who interprets that information to build the
model) (Richardson and Anderson 1995). One individual can play multiple
roles, but the skills for each role are unique and it can be counterproductive to
execute multiple processes simultaneously (Langsdale et al. 2013; Richardson
and Anderson 1995). When the modeler facilitates, for instance, they may
unintentionally gatekeep knowledge (Butler and Adamowski 2015).
The meeting location, in person or virtual, should be neutral and accessible for
the community (Butler and Adamowski 2015) to ensure participation from the
whole group rather than only the most powerful or vociferous (Voinov et al.
2016).

Stage 2: Identifying and Recruiting Participants

Researchers purposefully select participant stakeholders based on expertise or
vested interests in the research (Freeman 2010; Mitchell et al. 1997; Wood
et al. 2021). Identifying knowledgeable stakeholders benefits from ethno-
graphic knowledge and a built rapport with the community (Reed et al. 2009)
or consultation with local leaders and key informants (Nyaki et al. 2014).
Researchers seek balanced representation among stakeholder groups and
community members’ identities (e.g., racial, ethnic, gender) to capture diverse
perspectives (Butler and Adamowski 2015; Krueger et al. 2012).

Stage 3: Formulating the Model

The model’s purpose and scope are determined in the formulation stage. Some
scholars advocate for stakeholders to be involved in the modeling process only
after a clear modeling goal has been identified (Voinov and Gaddis 2008).
Others suggest that early collaboration ensures the model reflects stake-
holders’ priorities for problem-solving (Hemmerling et al. 2019; Jordan et al.
2018; Langsdale et al. 2013).

During this stage, researchers may conduct individual interviews, focus
groups, or surveys to determine the limitations and boundaries of modeling
exercises (e.g., questions to address) and to assess baseline knowledge, ex-
pertise, opinions, and/or agendas (Evers et al. 2012; Gray et al. 2018). This
allows researchers to track how such factors may change throughout the PM
process (Hedelin et al. 2017). One-on-one interviews also allow participants to
express views they might be hesitant to express in a group setting (Bourget
2011; d’Aquino and Bah 2013). This information can help anticipate potential
conflicts that may arise in the model building stage.
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Stage 4: Conceptualizing and Building the Model

Model conceptualization begins by prompting participants to select, discuss,
and/or explain interactions of key phenomena in the system. This can occur
through interviews, surveys, or facilitated focus groups and workshops
(Kimmich et al. 2019; Prell et al. 2007). Models are then built via analog (e.g.,
maps and drawings) or computer-assisted processes (e.g., geographic infor-
mation systems or specialized software) (Barthel et al. 2016; Basco-Carrera
et al. 2017; Cleland and San Jose 2018). Analog techniques (e.g., drawings or
role-playing and scenario games) can produce their own models (Amazonas
etal. 2021; Bell and Morse 2013; d’Aquino and Bah 2013; Mayer et al. 2021;
Voinov et al. 2018), or be used to inform computer models, as stakeholders
are rarely fluent with these systems (Jordan et al. 2018). New technologies
continue to innovate ways to engage and communicate with stakeholders
(Newell et al. 2021).

Facilitation is key during this phase. If social norms, hierarchies, or power
relations inhibit participation, facilitators can divide participants into smaller
sub-groups and then reintegrate as the process matures (Amazonas et al. 2021;
Basco-Carrera et al. 2017). Facilitators may also limit initial participation to a
key group of stakeholders and incrementally add different stakeholder groups
later (d’ Aquino and Bah 2013). Inclusion at different phases affects how much
power participants have in the overall process (Clavel et al. 2011; Voinov and
Gaddis, 2008).

Each of these methods for engaging participation in conceptualizing and
building the model provide social science data. Surveys and interviews
provide data on participant views and knowledge, while in-person workshops
provide the greatest opportunity to examine social dynamics, decision-
making, and learning via direct observations (Jones et al. 2009) or recorded
data (Landstrom et al. 2011). Self-administered questionnaires bring forth data
on unpopular perspectives (Wutich et al. 2010). Materials created during
meeting discussions (e.g., drawings and maps) and the model itself are also
potential data sources.

Stage 5: Validating the Model

When stakeholders and researchers establish that the model is mostly com-
plete, the research team tests the model’s external and internal validity. To
determine external validity, researchers may use measures of the model’s
representation of real-world processes and phenomena (e.g., regression for
sensitivity analysis) (Ford 2010). To determine internal validity, the research
team can use measures developed by and with stakeholders to evaluate how
well the model represents their input. Researchers discuss and interpret findings
with participants, either in additional workshops or through follow-up
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interviews with selected participants (Falconi and Palmer 2017; Voinov and
Gaddis 2008). This process also facilitates discussions of future actions and
next steps (Langsdale et al. 2013).

Ongoing throughout Stages 3-5: Analyzing Data

Data analysis methods may be used throughout the modeling process to
identify patterns and themes that inform the underlying research question or
modeling problem, examine stakeholders’ perceptions of the model inputs and
the modeling process, and determine the final model’s internal and external
validity. Researchers may perform analysis procedures with or without
stakeholders. For example, the research team can engage stakeholders in theme
identification for thematic coding (Amazonas et al. 2019). These themes can
then be analyzed via statistical tests or via quantitative relational models such as
social networks analysis, multidimensional scaling, or cluster analysis (Evers
et al. 2012; Goelz et al. 2020; Rockmann et al. 2012). Other forms of inductive
textual analysis such a schema analysis (Quinn 2005) or grounded theory
approaches (Charmaz 2014; Glaser 1999; Strauss and Corbin 1997) may also be
appropriate to understand shared cognitive schemas during the modeling
process (Moon et al. 2019; Papageorgiou et al. 2020).

Conclusion

Participatory modeling can facilitate mutual respect, trust, and cooperation
between research teams and stakeholders that support validity in social science
data, inform conceptualizations of environmental processes, and produce robust
applied outcomes for the resulting model. Significantly, participatory mod-
eling is a political process (Barber and Jackson 2015); it not only documents
stakeholder perceptions, but has the potential to actively shift those per-
ceptions by bringing various stakeholders into communication with one
another (Turnhout et al. 2010). Participatory modeling can also connect
scientific expertise and stakeholders’ lived experience and situated knowl-
edge, leading to higher quality data, more internally valid findings, and better
resulting research impacts.
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