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Introduction

Role of computational modeling and simulation in healthcare


Necessity to establish credibility of M&S for safety and efficacy


Multidisciplinary nature of healthcare and biomedical research, multi-contextual use of M&S for development and delivery of healthcare; all raising cross-disciplinary issues for the use of M&S in research and clinical translation.


Broadly applicable practices may ease communication among various stakeholders (scientists, engineers, clinicians, regulators, policy makers; academia, industry and government), may allow a unified approach/workflow in establishing confidence in a specific M&S application; may increase the accuracy, efficiency, and safety of M&S when multidisciplinary groups are involved for its delivery. 


Are there common rules among experts from varying disciplines, who use M&S in varying context, for establishing credibility in M&S in healthcare? The goal of this study is to synthesize discussions among various stakeholders from diverse disciplines and with differing contextual use of M&S (all assembled in the Committee on Credible Practice for Modeling & Simulation in Healthcare) to answer this question.

Methods 

A Broad Set of Practices

A non-prioritized list of good practice rules potentially applicable to M&S applications irrespective of the discipline and context of application were prepared by Co-Chairs of the Committee. These rudimentary rules tried to capture M&S at various stages of its lifecycle; before development of models, during development of models, while conducting simulations, for reporting results and sharing information, models, and when applying M&S and/or its results within the clinic; all to initiate discussions within task teams (see below):

· Use version control

· Use credible solvers

· Explicitly list your limitations

· Define the context the model is intended to be used for

· Define your evaluation metrics in advance

· Use appropriate data (input, validation, verification)

· Attempt validation within context

· Attempt verification within context

· Attempt uncertainty (error) estimation

· Perform appropriate level of sensitivity analysis within context of use

· Disseminate whenever possible (source code, test suite, data, etc)

· Report appropriately

· Use consistent terminology or define your terminology

· Get it reviewed by independent users/developers/members

· Learn from discipline-independent examples

· Be a discipline-independent/specific example

· Follow discipline-specific guidelines

· Conform to discipline-specific standards

· Document your code

· Develop with the end user in mind

· Provide user instructions whenever possible and applicable

· Practice what you preach

· Make sure your results are reproducible

· Provide examples of use

· Use traceable data that can be traced back to the origin

· Use competition of multiple implementations to check and balance each other

Task Teams Perspective


The Committee operated in two groups: an Executive Committee to carry out day to day operations and materialize the Committee's missions; and an Advisory Council to review and provide feedback on the activities. To provide a multifaceted interest and multidisciplinary nature relevant to M&S applications in healthcare M&S field, a balanced representation of the different stakeholders by including representatives from government, academia, and industry and from diverse disciplinary backgrounds. For staged discussions on credible practices the Committee was divided into three teams that would likely represent different contextual use of M&S in healthcare: mathematical and computational sciences team, end users, practice standards and guidelines. As noted in the Figure below, and the team description below, each task team was established with the responsibility to represent the interests of the key stakeholders and bridge synergistic activities in simulation-based medicine throughout the M&S communities.
Mathematical and Computational Sciences Team represent the interests and perspectives of the stakeholders within the M&S community that comprise of the fundamental and applied researchers, as well as commercial developers of M&S for healthcare applications.

End Users Team  represent the interests and perspectives of the stakeholders within the M&S community that are focused on using M&S for clinical research and practice.

Practice Standards and Guidelines Team represent the interests and perspectives of the stakeholders within the M&S community that are mainly focused on establishing professional and/or industry practice guidelines, regulations and standards.


Each task team discussed the initial set of practices (see above) to prioritize these along with their description of how they perceive these generally applicable rules and why they prioritize in a certain way. This was accomplished by the individuals within the task team ranking the first ten (or picking up their top ten without ranking). Task team coordinators organized and managed their respective team’s efforts to carry out discussions and summarize the task team specific results to the whole Committee.

Comm
ittee Perspective


The co-chairs of the Committee curated prioritization and description of rules from all task teams to consolidate various desirable activities to establish credibility in modeling and simulation (M&S), as a function of where they fit during the whole M&S process. In the process, commonalities of best practices among different task teams were identified to establish broadly applicable ten simple rules. Unique perspectives from teams and the individuals were noted as they may indicate discipline specific or context specific needs to establish credibility of M&S.

Results 

Task Team Perspectives

Mathematical and Computational Sciences

Interpretation of the rules

Ranking of rules or identification of ten relatively important ones

Context and discipline specific issues raised

End Users

Interpretation of the rules

Ranking of rules or identification of ten relatively important ones

Context and discipline specific issues raised

Practice Standards and Guidelines

Interpretation of the rules

Ranking of rules or identification of ten relatively important ones

Context and discipline specific issues raised

Committee Perspective

Overlapping themes among discussions within task teams are reported in here as Simple Rules of Credible practice. 

1. Consideration was not given to any rankings established by the three teams

2. Commonalities and unique aspects of the three sets of rules were evaluated

Although the initial goal was to identify ten simple rules, the end outcome was 13 rules that were partially ranked based on commonality across the team results and possible chronological sequence of the M&S process.  
Much of the revisions made above are fairly minor so I did not highlight them in red. However, it is important to address the fact that the internal survey resulted in 13 rules instead of 10 as we originally hoped, because it is one of the things that helped us recognize that:

a) Disciplinary, organizational, and context of use factors heavily influence perspectives on what the simple rules of credible practice

b) This variation also resulted in the introduction of new rules 
Consequently, it became clear to the Committee that it was appropriate to reach out to the global community to identify the Ten Simple Rules of Credible Practice. Particularly given the fact that the guideline is to be developed for the global stakeholder community, it seems appropriate to gauge the values of the global community instead of relying on a small group of people to drive the ultimate direction. Maybe this point can be raised later, but it needs to be addressed in full because I think it is an important outcome.
Rule 1:<TEXT>
Rule 2:<TEXT>
Rule 3:<TEXT>
Rule 4:<TEXT>
Rule 5:<TEXT>
Rule 6:<TEXT>
Rule 7:<TEXT>
Rule 8:<TEXT>
Rule 9:<TEXT>
Rule 10:<TEXT>
Rule 11:<TEXT>

Rule 12:<TEXT>

Rule 13:<TEXT>

Discussion


Summary


Limitations (group specific issues, i.e., interpretation of common themes)


Limitations (broad issues)


Role of context in which the M&S is used on the extend of establishing credibility (examples)


Implications of using these ten simple rules, will they help newcomers/experts to adapt M&S in clinics and clinical related research in an informed manner, safely, and effectively; in a multidisciplinary manner and when models can be used for varying purposes?


There are broadly applicable overlapping themes that allow a broadly applicable workflow. Nonetheless, potentially significant differences may arise in how intense these themes will be employed in a given discipline and context. 

This is where I would expect us to discuss the points raised about regarding the 13 rules that we came up with instead of ten, why and the affirmation that we needed to reach out to the global community.

Future work (public survey)
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