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The COVID-19 pandemic has thrust simulation models into the public discourse at an 

unprecedented speed. The projections of simulation models have been discussed, parsed, 

accepted, and discounted by the press, policymakers, pundits and politicos. While the story 

of how simulation models have been translated and digested during the pandemic is still 

unfolding, even at this stage it is worth considering what we can learn from the experience 

of using infectious disease models to make public policy decisions.

On vivid display is the core inherent challenge facing the field of simulation modeling: 

namely, the wide range of assumptions, qualifications, and caveats that accompanies every 

model. As scientists, we are trained not to overstate our conclusions; the modelers’ mantra 

(or crutch, if you’re prone to cynicism) of ‘all models are wrong, some models are useful’ is 

appropriate from our perspective, though decision-makers and the general public may tune 

out after the first part of the phrase. At their best, health simulation models are designed to 

produce nuanced recommendations from rigorous analysis, using high-quality input data, 

while decision-makers and the public demand simple stories with clear recommendations.

Despite this challenge, modelers leading the charge in COVID-19 have been of great service 

to the public’s health. The popularization of ‘flattening the curve’ – essentially the 

translation of an incidence density plot under increasing levels of behavioural mitigation – 

has been highly successful in focusing the public on the constraints of the health care system 
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and in inspiring personal behavior changes.(1) Recent estimates suggest large-scale 

mitigation policies have averted over 500 million infections across China, South Korea, 

Italy, Iran, France and the United States, to date.(2) But when these models prove to be less-

than-accurate, their usefulness is questioned by policymakers and a public reeling from the 

isolation, record levels of job loss, and a barrage of false or misleading information about the 

pandemic. For every example of how models have been successfully received and absorbed 

by the public, there is a counterexample of models and modelers being criticized for either 

under- or over-estimating outcomes. There will be important opportunities for the field to 

learn from comparative evaluations of the structural design of the various COVID-19 models 

once more is known about their key parameters – the course of the virus, its transmission 

and the effectiveness of the mitigation strategies implemented in different jurisdictions 

across the globe.

Large-scale, population-based simulation models are complex to produce and even harder to 

explain in a succinct manner. Models synthesize multiple forms of evidence and make 

simplifying assumptions that are often implicit in their design. How models are calibrated to 

fit real-world conditions remains a matter of debate, and even the most rigorous methods of 

‘validation’ are partial at best. These qualifications pose a distinct communication challenge, 

even in scientific publications, much less in news articles or policy briefs. Contrast these 

communication challenges to the randomized controlled trial, for which the key pieces of 

information can be conveyed in a sentence or two using a “PICO” mnemonic: the 

population, intervention, comparator, and outcome under study. Simulation models often 

have the same points to convey, but along with a range of other information regarding 

assumptions, qualifications, and degrees of uncertainty. Not surprisingly, communication of 

the model’s results is often either too brief to fully express what they mean, or 

overwhelming in the volume of information conveyed.

Our team’s experience in developing, translating, and disseminating the results of a 

simulation model for policy decisions in HIV prevention and treatment has been instructive 

(and humbling). In an effort to set a new standard for transparency, we published separate 

manuscripts on the evidence synthesis (3), calibration and validation (4), baseline 

projections (5), cost-effectiveness of individual interventions (6), and finally, our cost-

effectiveness analysis of different strategies to combat HIV/AIDS in disparate geographic 

regions (7). We followed these efforts with a closer examination of the uncertainty in our 

findings, and the value of collecting more information to reduce this uncertainty (8). 

Altogether, this effort took >55,000 words, 154 tables and 45 figures to communicate (with 

59%, 93% and 60% of these respectively buried in appendices). And while we hope this 

effort has advanced the science, it has been challenging to distill our findings for decision-

makers, who are the ultimate audience for this work. Despite the fact that we based our 

model on the best-available local data, we have faced mixed reactions when initially 

presenting our results to local stakeholders. Even condensing our presentation to a 

reasonable length has posed challenges in the context of our audience’s competing priorities, 

time constraints, and apprehensions about simulation models. However, several public health 

departments were already engaged with other modeling efforts to guide their decision-

making process and others expressed interest in our approach. We remain hopeful this work 
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will advance in spite of the substantial efforts still required of our audience in the SARS-

CoV-2 response.

Of course, simulation models allow us to do what we cannot with other study designs. They 

create an in silico environment where we can change the conditions of the world (if only a 

simplified version of it), and observe how the outcomes of this change play out into the 

future. The benefits for decision-making in health policy are indisputable. Therefore, 

translation cannot be an afterthought. As a research community, we need to improve the way 

we disseminate, translate, and communicate the results of our models to both decision 

makers and the public. These efforts must be multi-pronged, well-intentioned, and engage 

audiences early in the process.

The effort must start within our ranks. We need to integrate in our approach the science of 

dissemination to drive best practices on communicating and ranking the array of scientific 

evidence – and assumptions – that go into our models. The NIH defines Dissemination 

Research as “the study of targeted distribution of information and intervention materials to a 

specific public health or clinical practice audience. The intent is to understand how to best 

spread and sustain knowledge and the associated evidence-based interventions.” (9) 

Similarly, the NIH defines Implementation Research as “the study of the use of strategies to 

adopt and integrate evidence-based health interventions into clinical and community setting 

to improve patient outcomes and benefit population health.”(9) Taken together, 

Dissemination and Implementation (DI) science represents investigations of the processes by 

which scientific evidence and evidence-based practices are communicated, adopted, 

implemented, spread, and sustained.(10)

The steps taken by D and I researchers can and often include the following stages: 1) 

identifying and characterizing the implementation or dissemination setting, 2) identifying 

and characterizing key stakeholders, 3) characterizing barriers and facilitators to 

implementation and dissemination, 4) problem solving to address barriers.(11–13)

In the setting of economic modeling, D and I science would conceivably include evaluations 

of the mechanisms by which models are shared, incorporated and used by key stakeholders 

in determining how best to use resources, make policies, and deliver prevention and care to 

at risk communities. When appropriate and feasible, we should work harder to engage 

decisionmakers early on in the model building and development process. We need 

standardized approaches for describing calibration and validation, and new ways to 

communicate how we construct our models. These new modes of communication might 

include intuitive model diagrams, or ‘model stories’ to illustrate some of our structural 

decisions. In addition, we need to improve how we convey the uncertainty inherent to 

model-based recommendations and how this uncertainty may be better incorporated in 

decision making.

Modelers might consider building an interface for their models that would allow the end-

user to “play” with key assumptions to assess how the results would change. For example, 

the Wharton School at the University of Pennsylvania recently produced an economic and 

epidemiological model of COVID-19 that estimated deaths and job losses from various state 
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strategies for reopening.(14) The modelers displayed the results of the “Coronavirus Policy 

Response Simulator” on a publicly-accessible site in which key assumptions about social 

distancing can be changed, allowing the end-user to experience uncertainty rather than 

simply hear about it. Other interfaces have been developed more for educational purposes, to 

teach policy makers how models work and how to interpret their projections.(15) Recent 

advancements in meta-modeling of agent-based simulation models serve as another example 

where the implementation of easy-to-use interfaces could facilitate closing the gap between 

modeling and policy making.(16, 17) These interfaces should be developed and tested to 

assess their ability to translate complex information effectively.

As modelers, we must also increase the transparency of what we do.(18) By externally 

validating our model code (19), developing publicly-accessible statistical packages, making 

our models publicly available (20) via cloud platforms (21), or developing webpages to 

simplify the illustration of complex models (22), we can provide opportunities for further 

validation by other modelers and increase public confidence in our models. To this end, we 

can look to examples in other fields, astronomy and physics in particular, which have been 

using modeling for many centuries to explain complex planetary and galactic dynamics, 

fine-tuning their models as new evidence comes available.(23) Otherwise, we’ve previously 

argued that modeling collaborations, at their best, can increase transparency and rigor (24), 

as well as help disseminate findings beyond the reach of individual modelers.

In all dissemination activities, we must be explicit about the goals of modeling, emphasize 

the need for simplicity and transparency of assumptions when time is of the essence, and 

underscore when data to inform model parameters are inaccurate or incomplete. When 

model outputs are highly uncertain (as in the case of COVID-19), we must be careful not to 

oversell their accuracy and precision; at the same time, we should illuminate the increased 

complexity and rigor when high-quality data are available for modeling a more precise 

public health response.

We salute our colleagues, no doubt working around the clock to continually integrate new 

information into their projections to help the world navigate the COVID-19 pandemic. 

Perhaps one hurdle to the use of models to guide policies — that of mere recognition — has 

been overcome. The resolve of the broader health simulation modeling community should be 

strengthened as we see our profession’s profound impact on a global scale. Health 

simulation modeling has come of age; we must now ensure that our work is heard and 

understood at a level that promotes its best use.
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