Mapping knowledge user participation approaches in infectious disease transmission modeling (participatory modeling): a scoping review
Supplementary Table 2. Examples of inductive analysis participatory approaches 
Commissioning participatory approach 
	Kripke et al.1
	Described a Ministry of Health-initiated modeling study to model age-stratified voluntary medical male circumcision in Eswatini using an established planning tool. The Ministry of Health identified the research need, provided data inputs, and reviewed model outputs to inform national guideline revisions to service delivery.

	Morrison et al.2
	Reported that school administration commissioned modeling to inform K-12 reopening. Knowledge user participation centered on problem definition, scenario selection, interpretation and dissemination. The modelers engaged with knowledge users using an online platform (Regional COVID School Simulator)

	Ryan et al.3
	Described a commissioned modeling study linked to a national reopening plan, initiated by the Australian Department of Health and Department of the Treasury. The knowledge users set the objective, provided data, reviewed model assumptions, and bounded the public health and social intervention scenarios informed by the Treasury Department. The modeling team held dissemination meetings with knowledge users, including preparing the Doherty report, which were also made available to the general public by the Australian government. with participation spanning multiple steps (from question development through dissemination) but still framed as a commissioned decision-support function rather than a jointly owned modeling process

	Adib et al.4
	Reported a similar participatory modeling approach where ministries of health across multiple countries in the Eastern Mediterranean Region commissioned modeling support a regional WHO office. The local governments requested modeling support through a funder (WHO) to inform COVID-19 response planning. Governments articulated the research need, while WHO convened a technical modeling team to apply a validated compartmental model (CoMo, https://github.com/ocelhay/como/releases/tag/v17.2.0) to support modeling needs. Knowledge users sourced data, reviewed assumptions related to intervention effects, selected scenarios, and interpreted model outputs through structured consultations.


Third-party participatory approach 
	Houben et al.5
	Described a modeling study initiated through an international call by the Gates Foundation, for modeling teams to support tuberculosis control efforts across South Africa, China, and India. Knowledge user participation was reflected in country-focused data inputs and scenario selection from local governments, within a broader externally coordinated analytic team.

	Santoro et al.6
	In a multi-country COVID-19 health systems preparedness study, the authors described a funder-initiated regional (Latin America and the Caribbean) effort supported by the Inter-American Development Bank. Country teams sourced model input data on human and health-system resources using a structured template. Country representatives also validated data obtained from published literature through consultative meetings with the modeling team. The modeling team also engaged with country teams using a R Shiny app (COVID-19 preparedness and response model, https://iecs.org.ar/en/modelocovid/) to allow knowledge users to test different scenarios and parameters. A similar institutional pattern is seen in programmatic settings where ongoing partnerships between governments and development partners structure knowledge user participation.

	Minnery et al.7
	Described a modeling study initiated through an existing institutional collaboration involving international development partners (e.g., UNAIDS) and the government Eswatini. The Ministry of Health was engaged through the National Emergency Response Council on HIV/AIDS to refine the research question, source data, and interpret model output.

	Hughes et al.8
	Reported a modeling study in which the WHO Regional Office for the Western Pacific and related organizations facilitated engagement between the AuTuMN academic modeling team and local policymakers in the Philippines, Malaysia, and Vietnam to support COVID-19 policy response. Local modeling teams such as the Woolcock Institute of Medical Research in Viet Nam and the Forecasting and Analytics for Surveillance, Tracking, and Estimation in Real Time platform in the Philippines directly worked with AuTuMN modelers, while liaising with local policymakers. Knowledge users, including ministries of health and communication, contributed to defining priority research questions and reviewing output through providing feedback on policy briefs and meetings.


Plug-and-play interaction participatory approach 
	Zhao et al.9
	Described an intensive care unit forecasting R Shiny interface (icumonitoring.ch) used to communicate short-term hospital occupancy projections in Switzerland. Hospital-based knowledge users were mainly engaged as end-users through data provision and model output interpretation, with no evidence of influence on upstream aspects of model development.

	Song et al.10
	Reported a modeling study where an interactive R Shiny dashboard (K-Track-Covid) was developed to track and forecast COVID-19 spread in South Korea and assist policymakers in decision-making. Local government contributed data via a secure electronic data-transfer system and model outputs were derived through the dashboard.


Crowdsourcing participatory approach 
	Firth et al.11 
	Modelers used citizen science through the BBC Four Pandemic experiment to engage with residents of Haslemere, Surrey in the North East region of the United Kingdom. Residents volunteered real-time longitudinal data that informed modeling inputs to assess the effectiveness of localized prevention efforts like case isolation, physical distancing, and contact tracing. Modelers used an R Shiny app (biouea.shinyapps.io/covidhm_shiny/) to demonstrate model outputs to policymakers in an interactive format and embedded in policy briefs.

	Pullano et al.12
	Reported a study where residents of mainland France contributed to modeling the under-detection of COVID-19 cases through providing real-time data (COVIDnet.fr). Public Health France staff also supported the study by providing additional input data and reviewing model output.

	Brownstein et al.13
	In a multiregional human influenza response effort, the authors reported the use of participatory influenza surveillance platforms to improve real-time nowcasting and forecasting of influenza activity in Belgium, Denmark, Canada, Italy, India, the Netherlands, Spain, the United Kingdom, and the USA. Residents of the respective countries voluntarily reported symptoms through platforms (Widely Internet-Sourced Distributed Monitoring, Influenzanet, and Flu Near You). The high-frequency surveillance data were integrated into a suite of mechanistic and statistical models.


Active co-production participatory approach 
	Badham et al.14 
	Authors explicitly articulated the active co-production participatory approach as the use of “Justified stories with agent-based modeling for local COVID-19 planning” in England. Modelers engaged with local government in North-East England through structured consultations to identify priority decision questions, guide simplifications in model structure appropriate for local geography and data availability, and shape scenario selection aligned with operational constraints. The model that modelers initially planned was highly simplified after engaging with knowledge users, to fit local needs and capacity to use the model to test out specific scenarios.

	Marzouk et al.15
	Reported a participatory COVID-19 modeling study to support health-system planning in Northwest Syria. Knowledge users influenced research questions, model structure, scenario selection, analysis, and interpretation. Modelers conducted semi-structured interviews with 20 healthcare workers from health facilities and treatment centers via Zoom (Zoom Video Communications, San Jose, California) and WhatsApp (Meta Platforms, Menlo Park, California) in English and Arabic. Interviews helped to elicit parameter values not available through reported data, refine model assumptions, and scenario choices. Knowledge users also helped contextualize the model output by explaining possible reasons why model projections were lower than expected.

	Borquez et al.16
	Reported an HIV prevention modeling study among transgender women sex workers in Lima, Peru. Modeling was embedded within a broader mixed-methods policy process convened by the Ministry of Health, UNAIDS, civil society organizations (e.g., Red Trans Peru), and transgender community representatives. Knowledge users contributed through key interest holder analyses, focus groups, and in-depth interviews. Knowledge users supported with framing of the research problem, the behavioral model structure, identified feasible intervention combinations, and justified assumptions related to service coverage, and intervention scale-up.

	Fergus et al.17
	Illustrate active co-production in a modeling study to inform schistosomiasis control and elimination in Uganda. The research question emerged from policy and programmatic needs identified by knowledge users across national, district, and village levels. Modelers convened 33 knowledge users in two in-person system mapping workshops designed to introduce modeling concepts and build shared understanding of how schistosomiasis transmission, intervention pathways, and health system constraints interact. Through facilitated small- and large-group discussions, participants collectively constructed and iteratively refined system maps. The maps directly informed model structure, parameterization, and scenario selection.
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