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A B S T R A C T

Trust and confidence are critical to the success of health care models.
There are two main methods for achieving this: transparency (people
can see how the model is built) and validation (how well the model
reproduces reality). This report describes recommendations for achiev-
ing transparency and validation developed by a taskforce appointed by
the International Society for Pharmacoeconomics and Outcomes Re-
search and the Society for Medical Decision Making. Recommendations
were developed iteratively by the authors. A nontechnical descrip-
tion—including model type, intended applications, funding sources,
structure, intended uses, inputs, outputs, other components that de-
termine function, and their relationships, data sources, validation
methods, results, and limitations—should be made available to any-
one. Technical documentation, written in sufficient detail to enable a
reader with necessary expertise to evaluate the model and potentially
reproduce it, should be made available openly or under agreements
that protect intellectual property, at the discretion of the modelers.

Validation involves face validity (wherein experts evaluate model
structure, data sources, assumptions, and results), verification or inter-
nal validity (check accuracy of coding), cross validity (comparison of
results with other models analyzing the same problem), external valid-
ity (comparing model results with real-world results), and predictive
validity (comparing model results with prospectively observed events).
The last two are the strongest form of validation. Each section of this
article contains a number of recommendations that were iterated
among the authors, as well as among the wider modeling taskforce,
jointly set up by the International Society for Pharmacoeconomics and
Outcomes Research and the Society for Medical Decision Making.
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Background to the Task Force

A new Good Research Practices in Modeling Task Force was ap-
proved by the ISPOR Board of Directors in 2010, and the Society for
Medical Decision Making was invited to join the effort. The Task
Force cochairs and members are expert developers and experi-
enced model users from academia, industry, and government, with
representation from many countries. Several teleconferences and
hosted information sessions during scientific meetings of the Soci-
eties culminated in an in-person meeting of the Task Force as a
whole, held in Boston in March 2011. Draft recommendations were
discussed and subsequently edited and circulated to the Task Force
members in the form of a survey where each one was asked to
agree or disagree with each recommendation, and if the latter, to
provide the reasons. Each group received the results of the survey
and endeavored to address all issues. The final drafts of the seven
articles were available on the ISPOR and Society for Medical Deci-
sion Making Web sites for general comment. A second group of

experts was invited to formally review the articles. The comments
received were addressed, and the final version of each article was
prepared. (A copy of the original draft article, as well as the reviewer
comments and author responses, is available at the ISPOR Web site:
http://www.ispor.org/workpaper/Model-Transparency-and-
Validation.asp.) A summary of these articles was presented at a
plenary session at the ISPOR 16th Annual International Meeting
in Baltimore, MD, in May 2011, and again at the 33rd Annual
Meeting of the Society for Medical Decision Making in Chicago,
IL, in October 2011. These articles are jointly published in the
Societies’ respective journals, Value in Health and Medical Decision
Making. Other articles in this series [1–6] describe best practices
for conceptualizing models, building and applying particular
types of models, and addressing uncertainty. This article ad-
dresses best practices for transparency and validations and is
intended to apply to all types of models. Examples are cited
throughout, without implying endorsement or preeminence of
the articles referenced.
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Introduction

The purpose of health care models is to provide decision makers
with quantitative information about the consequences of the op-
tions being considered. For a model to be useful for this purpose,
decision makers need confidence in the model’s results. Specifi-
cally, they need to know how accurately the model predicts the
outcomes of interest and account for that information when de-
ciding how to use the model results.

Modelers can impart such confidence and enhance model
credibility in two main ways: 1) transparency—clearly describing
the model structure, equations, parameter values, and assump-
tions to enable interested parties to understand the model and 2)
validation—subjecting the model to tests such as comparing the
model’s results with events observed in reality [7–14].

Some health care models are intended to be “general” or “mul-
tiapplication” in the sense that with appropriate modifications
they can address a range of problems [15,16]. For example, an “HIV
model” could be used repeatedly to address different questions
relating to that condition [17–21]. Other models are built for single,
specific applications and are not intended to be reused [22]. For
instance, a model may be built with the sole purpose of extrapo-
lating the results of a trial of an implantable cardioverter-defibril-
lator to determine whether it becomes cost-effective over the life-
time of patients [23]. Some models that are initially built for a
single application may later be expanded to address others. The
methods described in this article apply to both types of models.
For a multiapplication model, transparency, validation, and re-
porting are ongoing processes. The multiapplication model is de-
scribed (transparency) [24] and validated [25], and the descriptions
and validations are continuously updated as science and the
model evolve [26]. In addition, each instantiation of the model is
described, validated, and reported as each application is done [27].
For a single�application model, its description and validation, and
the reporting of its application, are typically conducted at one
time, although there may be additional validations after initial
use, particularly if problems are found.

Our objective was to describe practices that we consider to be
“best” in the sense of providing potential users of a model with the
information necessary to determine their confidence in the re-
sults, and hence their application of the model’s results. Every
model today should be able to achieve the best practices we rec-
ommend for transparency. We recognize, however, that not all
models will be able to achieve all the recommended best practices
for validation. Rather than establish minimum quality standards,
we have described optimal practices that all models should strive
toward. For all models, their developers should describe their pro-
cess for conducting validations and the level of validation their
model achieved. These recommendations are particularly impor-
tant in light of high-profile examples of scientific misconduct and
fraudulent research published in leading scientific journals, lead-
ing to increasing emphasis on transparency and “shining a light
on black boxes” [28–34].

Transparency

Transparency refers to the extent to which interested parties can
review a model’s structure, equations, parameter values, and as-
sumptions. It does not refer to the formulation, conduct, or results
of a particular analysis. Transparency serves two purposes: 1) to
provide a non�quantitative description of the model to readers
who want to understand in a general way how a model works and
2) to provide technical information to readers who want to evalu-
ate a model at higher level of mathematical and programming
detail, and possibly replicate it (the term “reader” describes any-
one who needs to evaluate a model, including journal reviewers,

journal readers, and users of a model’s results). Taken together,
the intention is to provide sufficient information to enable the full
spectrum of readers to understand a model’s accuracy, limita-
tions, and potential applications at a level appropriate to their
expertise and needs.

Nontechnical documentation

Nontechnical documentation should be accessible to any interested
reader [35–37]. It should include descriptions of the following:

1. The model and its purpose
2. Types of applications it is designed to address (e.g., forecasting

of short�term costs, cost�effectiveness analysis)
3. Sources of funding and their role
4. Structure (e.g., graphical representation of the variables and

their relationships)
5. Components that define it and determine its performance
6. Inputs, outputs, and other parameters
7. Equations and their sources
8. How the data sources were identified and selected
9. Model validation and summary of results

10. Methods for customizing to specific applications and settings
11. Effects of uncertainty
12. Main limitations for its intended applications
13. Examples of actual equations (optional)
14. Reference to the model’s technical documentation

The nontechnical documentation provides an overview of the
model and what it does, but it may not contain sufficient informa-
tion to enable readers to replicate it.

Technical documentation

Full technical transparency is achieved by providing documents
that detail the model, including its structure, components, equa-
tions, and computer code. The documentation should be suffi-
ciently detailed to enable those with the necessary expertise and
resources to reproduce the model. Provision of technical docu-
mentation is subject to some conditions and limitations:

1. Access should be provided in a way that enables protection of
intellectual property. Building a model can require a significant
investment in time and money; if those who make such invest-
ments had to give their models away without restriction, the
incentives and resources to build and maintain complex mod-
els could disappear.

2. While not mandatory, an increasing number of journals request
that authors state whether full technical documentation is
available to readers, and if so, under what terms [28,38]. Tech-
nical documents may be placed in appendices or made acces-
sible by other means [28,29,31,39]. Provision of such documen-
tation is not without concerns that the context of the original
analysis may be missing [40].

3. Because most multiapplication models change over time—ex-
panded and updated to incorporate new information and ad-
vances in health care technologies—technical documents
should be updated periodically.

4. Equations and detailed structure will mean little to readers
without the necessary technical background. Even with such
information, reviewing a model can take considerable time.
Furthermore, it is very difficult to understand how accurate a
model is simply by examining its equations. Even if the equa-
tions appear to be valid in a mathematical sense and the pa-
rameters appear to be estimated using appropriate sources and
methods, it is virtually impossible for anyone to determine a
model’s accuracy by “running” it in one’s head. Providing the
code does not solve this problem unless the reader has the time
and resources to actually implement it, which for large models
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