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The Opioid Crisis: A Contextual Framework and Call for Systems Science Research


[bookmark: _Toc507060949]Our use of the term “framework”
We presented our conceptualization of the opioid crisis and called it a ‘framework’, not a ‘model.’ It should be noted that a ‘model’ is a tool used to generate hypotheses, explain findings, and assess whether hypothesized relationships can be confirmed or disconfirmed with empirical data. Accordingly, we do not intend to call our framework a model, as a model that includes everything may be comprehensive, but it may also be unhelpful for modeling analyses. Instead, we called it a contextual framework and used it to illustrate the complexity of the crisis and stimulate discussions for future research and model-based studies. 

Simulation modeling and analysis tools
Several tools are utilized to incorporate into decision-making processes of policy intervention designs. These tools include but are not limited to causal loop diagrams and stock and flow diagrams. Causal loop diagrams help conceptualize the complexity and the interconnections between different elements. This qualitative method is widely used in the public health domain (e.g., see [1-3]) and incorporates positive and negative feedback loops to illustrate the different causal aspects of the problem that perpetuate, reinforce, and balance the system. Stock and flow diagrams and system archetypes are quantitative models which capture the movement and behavior of the elements within the system (e.g., see [4-7] for applications in public health and health policy). See [8] for more information about systems science tools used in public health.

Steps of the modeling process
Figure A1 presents the steps of the modeling process. This process is not a linear sequence of steps and is iterative. One needs to start from step one (problem articulation) and follow the cycle but the results of any step can increase the understanding of prior steps; accordingly, any earlier step can be revised. See [9] for more information about each step and guidelines to develop a proper model. 
    Iterative process: Results of any stage can yield insights to revise any ‘earlier’ step.

Figure A1: Modeling process (adapted from [9])
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1. Problem articulation


2. Dynamic hypothesis formulation


3. Formulation of a simulation model


4. Testing


5. Policy formulation and analysis


Problem definition


Key variables (from the literature and interviews with experts)


Interaction of policies and effects of their combinations


Model structure evaluation


Sensitivity of the model to parameters and assumptions


Model quanitification (equations, parameters, and initial conditions)


Calibration of model to data


Parameter estimation


Model boundary diagrams


Subsystem diagrams


Causal loop diagrams


Policy structure diagrams


Other mapping tools


Model boundary


Data collection and analysis


Flow diagrams


Robustness to possible conditions (e.g., extreme conditions)


Time horizon (historical data and future projection)


Other operational and statistical tests


Policy design through “what if” analysis


Evaluation of the impact of ongoing policies


Sensitivity of policies to uncertainty
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