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Abstract

In its proposed rule, Strengthening Transparency in Regulatory Science, the Environmental Protection Agency (EPA) requires transparency in
certain areas of regulatory science. The proposed rule mandates public access to the details of studies that address dose response and models. This
paper is the result of a study conducted by graduate students at Georgetown University. The study relied upon a specific process for selecting a
small number from an exceptionally large number of responses to study the subject. The evaluation of the responses was largely based on Best
Available Regulatory Science (BARS) and Metrics for Evaluation of Regulatory Science Claims derived from BARS. The results of the study
indicate that opposition to the EPA’s proposed rule is largely based on the claim that its implementation would eliminate key studies that contain
confidential data from consideration during the regulatory process. Although the proposed rule would allow exemptions from the public access
requirements, there is opposition to making exemptions available at the discretion of the EPA Administrator. The study concluded that a regulatory
science process called “controlled transparency” would be a reasonable solution to compliance with transparency requirements while protecting
confidential information.

Keywords: Environmental Protection Agency Transparency Rule, pivotal regulatory science, regulatory science transparency, Best Available
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1. Introduction

There is a global consensus that transparency within gov-
ernmental decisions is not only desirable but necessary. An in-
ternet search for items that included “transparency” resulted in
106 to 107 entries. At the same time, it is recognized that there
are limitations to transparency. For example, certain informa-
tion on national security, including research and development
of military equipment, or computer programs and their appli-
cations, are classified and are not publicly available. Similarly,
much information on medical treatments of patients are pro-
tected. There are also other data that are not publicly avail-
able, such as private advancements in certain scientific studies
with potential patent or financial consequences. Clearly, trans-
parency requirements must reflect certain limitations. In this
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paper, all information including data that are classified or in-
clude personal data and other materials that cannot be publicly
released are referred to as confidential information.

Regulatory science is a relatively new and evolving scien-
tific discipline. As described by Moghissi et al. [54], its origin
is traceable to the early years of the U.S. Environmental Protec-
tion Agency (EPA). The first organization devoted to this scien-
tific discipline and the first professional society dedicated to a
segment of this discipline (toxicology and pharmacology) were
established in the early 1980s. In 2011, Margaret Hamburg,
then Commissioner of the U.S. Food and Drug Administration
(FDA), developed a strategy for advancing regulatory science
[82].

It appears that the EPA finally has recognized the signifi-
cance of regulatory science as a scientific discipline. In its pro-
posed rule, Strengthening Transparency in Regulatory Science
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[81], EPA proposes steps that it claims will ensure the agency’s
compliance with federal transparency and data integrity laws.
EPA also asserts that the proposed steps will ensure that, “its
decision-making is marked by independence, objectivity, trans-
parency, clarity, and reproducibility”. In its rulemaking, the
EPA acknowledges the importance of transparency in all reg-
ulatory science and that all regulatory decisions, “should de-
scribe and document any assumptions and methods and should
address any variability and uncertainty” in the underlying sci-
ence.

However, EPA proposes to mandate transparency and other
requirements for only a subset of its regulatory science - specif-
ically for, “dose-response and models underlying pivotal regu-
latory science that are used to justify significant regulatory de-
cisions”. For such agency decisions, EPA proposes to require,
“that regulatory science underlying its actions is publicly avail-
able in a manner sufficient for independent validation and that
EPA describe and document assumptions and methods used”.

This paper resulted from a study conducted at Georgetown
University. Graduate students were asked to select key re-
sponses to the EPA’s proposed rule, and use the regulatory
science process described in Best Available Regulatory Sci-
ence (BARS) and Metrics for Evaluation of Regulatory Sci-
ence Claims (MERSC) derived from BARS [53] to evaluate
each response. Because there were about 600,000 responses
to the EPA’s proposed rule, the participants in the study were
unable to evaluate every response. Therefore, the process was
designed to randomly select at least six responses from the fol-
lowing groups:

1. Scientific, including medical and engineering societies

2. Public health and other not-for-profit organizations

3. Environmental organizations

4. State and local governmental agencies

5. Industrial organizations

6. Individuals

In addition, other authors of this paper identified certain key
responses resulting in about 80 items for evaluation.

2. Assessment Process

The concepts of Best Available Regulatory Science (BARS)
and Metrics for Evaluation of Regulatory Science Claims
(MERSC) derived from BARS are traceable to the 1970s, when
the senior author of this paper was employed at the EPA. As
reviewed by Moghissi et al. [53], BARS/MERSC resulted from
several studies and publications. BARS/MERSC provides a
framework for evaluating and identifying scientific assertions.
Figure 1 shows the details of BARS/MERSC.

Scientific Rules and Reproducibility Principles are among
BARS principles; these are well-established and thus will not
be addressed in this paper. Similarly, Open-mindedness and
Skepticism Principles are also are well recognized; these imply

that the society, as well as the regulatory scientific community,
must be willing to consider new scientific ideas. However, those
who make a regulatory scientific claim are obligated to provide
evidence supporting their claim. The Reproducibility Principle
describes the ultimate objective of science. It implies that a
scientific claim is reproducible if any individual with sufficient
knowledge, equipment or facility can reproduce it.

The Ethical Rules Principle embraces four requirements:
Truthfulness, Communicability, Transparency, and Scientific
Ethics. Adopting a transparency requirement is the stated pur-
pose of EPA’s proposed rule. Implicit in transparency is acces-
sibility to confidential information. There are three potential
options when regulatory science decisions rely on the results of
confidential studies. While the first option is currently practiced
and uses the results of confidential studies, the second option
avoids using the results of confidential studies because the raw
data of the studies are not publicly available. The third option
is the BARS process called Controlled Transparency, which re-
quires that confidential information be provided for reevalua-
tion to organizations that meet the necessary requirements for
handling such information.

MERSC provides three pillars derived from BARS Princi-
ples. The first pillar addresses the Reliability of Regulatory Sci-
ence, categorized as: 1) personal opinion, 2) gray literature, 3)
peer reviewed regulatory science, and 4) consensus processed
regulatory science. However, as described by Brainard et al.
[8], many papers that were thought to have met a highly reli-
able standard, including some published in Science and Nature,
have been retracted. Therefore, regulators would be well ad-
vised to ensure reproducibility of relevant results of a scientific
study published in a peer-reviewed journal.

The MERSC pillar Areas Outside of the Purview of Sci-
ence – the third pillar – is often violated by the influence of
ideologies, beliefs, faith, societal, political, or any other non-
scientific objectives in assessing the validity of scientific infor-
mation. Thus, under this pillar, the scientific foundation of a
policy is identical if it is performed in the U.S., Russia, China,
Saudi Arabia, Brazil, Israel, or Cuba. In contrast, the societal
conclusions derived from science can be significantly different
between the countries identified above.

Another pillar of MERSC that is particularly relevant to
the evaluation of regulatory science claims is classification of
Evolving Regulatory Science that categorizes the level of ma-
turity of regulatory science consisting of proven, evolving, bor-
derline, and fallacious information. Relevant parts of this pillar
to this study are Evolving, and Borderline Regulatory Science
Claims.

2.1. Evolving Regulatory Science
This group includes a large segment of science used in the

regulatory process. It includes: 1) Reproducible Evolving Sci-
ence consisting of reproducible information dealing with a sub-
ject whose foundation is not completely understood; 2) Partially
Reproducible Evolving Regulatory Science consisting of scien-
tific information that is derived from Proven or Reproducible
Evolving Science, but it uses assumptions, extrapolations, de-
fault data, and other processes in deriving its results and conclu-
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Figure 1: Description of best available regulatory science and metrics for evaluation of regulatory science claims [53].

sions. This class includes extensive information and data used
in dose response and mathematical models; 3) Association-
Based Evolving Regulatory Science, also called correlation,
evidence-based, or observation studies that attempt to correlate
an effect to a cause; notably, epidemiological studies fall in this
class, with the level of reproducibility ranging from unknown to
reasonable; and 4) Hypothesized Evolving Regulatory Science
consisting of an organized response to an observation, an idea,
or any other initiating thought process.

2.2. Borderline Regulatory Science
This group consists of two classes: 1) Judgment when deci-

sions must be made without having the necessary information,
including basic principles, the relevant data, and other scientific
requirements; and 2) Speculation consisting of information that
is based on the intuition of an individual who wants to stimulate
a discussion or initiate a research project.

2.3. Implementation of Ethical Rules Principle of BARS
Key elements of the Ethical Rules Principle reflect the ex-

hortation of Thomas Jefferson, “If we think [the people are]

not enlightened enough to exercise their control with a whole-
some discretion, the remedy is not to take it from them, but to
inform their discretion by education”. Based on the Jefferso-
nian Principle, the regulatory science process categorizes the
affected community as follows:
Specialists: This group consists of individuals who, based on
their education and experience, have enough knowledge to un-
derstand specific scientific subjects.
Knowledgeable Individuals: This group consists of individuals
who have enough education and experience to comprehend sci-
entific claims, provided they are translated into a language that
is understandable to members of this group. For example, math-
ematical equations must be described in words; unique termi-
nologies, vocabulary, abbreviations, acronyms, and any unique
processes must be translated into a language that a knowledge-
able individual can follow.
Others: Originally, the Jeffersonian Principle was intended to
address the needs of all citizens, regardless of their education.
Ideally, the process described for knowledgeable individuals
should be appropriately modified to also cover this group.
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The Ethical Rules Principle of BARS requires that, at a
minimum, all regulatory science documents must be translated
into a language that is comprehensible by knowledgeable non-
specialists and preferably by the entire impacted population.

2.4. Assessment of Definitions Proposed by the EPA

The proposed rule includes several key definitions:
Regulatory Science

The EPA proposes a definition of regulatory science, the
main focus of the regulatory effort. As this term is extensively
used in many contexts, it is desirable to compare the EPA defi-
nition with some examples of other definitions, as follows:

(a) Regulatory science definition proposed by the EPA:
“Regulatory science means scientific information includ-
ing assessments, models, criteria documents, and regula-
tory impact analyses that provide the basis for EPA final
significant regulatory decisions” [81].

(b) Regulatory science definition by the FDA: “Regulatory
science is the science of developing new tools, standards,
and approaches to assess the safety, efficacy, quality and
performance of all FDA-regulated product’s” [82].

(c) Legal Regulatory science definition: As described by
Moghissi et al. [54], the legal profession has dominated
the definition of regulatory science. A recent definition
provided by Wagner et al. [84] claims that regulatory
science consists of two steps: scientific assessment to be
followed by application of scientific assessment by pol-
icy makers.

(d) Definition of Regulatory Science Discipline: As stated
above, regulatory science is an emerging scientific disci-
pline and a reasonable definition is: Regulatory science
consists of the applied version of various scientific disci-
plines used in the regulatory processes. Examples of reg-
ulatory science disciplines include regulatory toxicology,
regulatory ecology, regulatory pharmacology, regulatory
microbiology, regulatory atmospheric sciences, and reg-
ulatory biomedical engineering, to mention a few.

Pivotal Regulatory Science
EPA proposes to apply the rule requirements to a subset of

its regulatory science actions (pivotal) that underlies a subset
(final and significant) of its regulatory decisions. As defined in
the proposed rule: “Pivotal regulatory science means the spe-
cific scientific studies or analyses that drive the requirements
and or quantitative analysis of EPA final significant regulatory
decisions”.
Requirements for Pivotal Regulatory Science: According to the
EPA: “When promulgating significant regulatory actions, the
Agency shall ensure that dose response data and models un-
derlying pivotal regulatory science are publicly available in a
manner sufficient for independent validation”. The rule further
requires EPA to describe and document any assumptions and
methods used.

Peer Review: In several places, EPA emphasizes the need for
independent review of pivotal regulatory science. Section 30.7
of the proposed rule requires peer reviewers, “to articulate the
strengths and weaknesses of EPA’s justification for the assump-
tions applied and the implications of those assumptions”.
Exemptions from Transparency Requirements: In section 30.9,
the EPA proposes exemptions to transparency requirements: “If
it is not feasible to ensure that that all dose response data
and models underlying pivotal regulatory science are publicly
available in a fashion sufficient for independent validation, in
a manner that is consistent with law, protects privacy, confi-
dentiality, confidential business information, and is sensitive to
national and homeland security”.

2.5. Assessment of Responses to Transparency Requirements
The study faced an initial hurdle of a regulatory record con-

taining several hundred thousand responses. The authors rec-
ognize the limitation in having to select about 80 from about
600,000 responses. However, as mentioned earlier, an attempt
was made to select representative samples from each category
of responses. The list of references identifies agreement or dis-
agreement with the proposed rulemaking.

As described above, the EPA limits the transparency re-
quirements to dose response and models. Transparency is a
key element of the Ethical Rules Principle of BARS/MERSC.
There is also a consensus in the various segments of govern-
ment, the media, and the public that societal decisions would
benefit from transparency. However, many responders opposed
the transparency requirements as proposed by the EPA based
on their perception that the proposed rule would preclude cer-
tain important epidemiological studies from being used in the
regulatory process, such as the Six Cities Study [19] and the
American Cancer Society Study [69], that have been the foun-
dation of several key regulatory standards. In contrast, several
responders agreed with the EPA’s transparency requirement, ar-
guing that it would give the public and the affected community
the benefit of being informed about the scientific foundation of
regulatory decisions.

A response by the National Academies of Science, En-
gineering, and Medicine [50] to EPA’s proposed rulemaking
identified key problems in excluding scientific data that are
significant in the regulatory decision process. The National
Academies encouraged EPA, “to seek objective, expert advice
on complexities of this rule and how it would be implemented”.
Another thoughtful response was from Berg et al. [6], the
editor-in-chief of Science, along with the editor-in-chief of Na-
ture and several authors. They indicated that Transparency and
Openness Promotion have been adopted by many journals and
that scientific data in published studies are normally evaluated
in the peer review process. Therefore, excluding relevant stud-
ies simply because they do not meet transparency standards
would adversely affect the decision-making process. However,
as described by Brainard et al. [8], there have been retractions
of certain papers, including some published in Nature and Sci-
ence.

Opposition to the EPA proposed rule is overwhelmingly fo-
cused on the transparency requirements that pivotal regulatory
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science data must be publicly available for independent vali-
dation. However, as described in the section on exemptions
from transparency requirements, EPA recognizes that certain
data cannot be made publicly available. Therefore, the only
possible reason for opposition to the proposed rule would be the
verification requirements inherent in the acceptability of regu-
latory science.

The list of references identifies the agreement or disagree-
ment of responders to the proposed rule. Several members of
Congress expressed opposition to the EPA’s proposed rule. Sen-
ator Chris Coons, representing 12 Democratic Senators [14],
opposed the proposed rule. Similarly, certain Democratic mem-
bers of the House of Representative opposed the rule [34, 74].

Many scientific societies, as well as public health and non-
profit organizations [3, 17, 49, 56, 29, 36, 38, 47, 11, 60, 30,
15, 35, 80, 87, 45, 46], largely opposed the transparency re-
quirement. A significant response opposing the rule came
from about 70 organizations [3] consisting mostly of medical
and public health professional societies, such as the Ameri-
can Medical Association, but also from other organizations,
such as the American Geophysical Union, the Center for Open
Science, and the Ecological Society of America. This group
[3, 17, 49, 56, 29, 36, 38, 47, 11, 60, 30, 15, 35, 80, 87, 45, 46]
suggests that, when feasible, scientists should strive for appro-
priate public access to data to maximize independent validation
and trust in the scientific process. This group also agrees that
public access to the raw data of many scientific studies is not
feasible. There are also several public health and non-profit or-
ganizations that agree [51, 75, 88, 24] with the proposed rule,
including an organization [51] that identified areas for improve-
ment.

Several state, local and tribal organizations provided com-
ments on the proposed rule [79, 66, 57, 18, 10, 52, 58, 37, 77,
85]. Again, here the opposition to the proposed rule was based
on the required public access to the raw data of studies to be
included in the regulatory process. An interesting case was the
statement of the mayor of a Colorado municipality [77] who
opposed the rule on behalf of the Environmental Defense Fund,
an environmental organization. As expected, environmental or-
ganizations [61, 86, 33, 44, 67, 89, 39, 16, 28] rejected the pro-
posed rule. These organizations and their supporters claim that
implementation of the EPA’s proposed rule would cause signif-
icant adverse human health and environmental effects. As be-
fore, the primary argument was the exclusion of studies whose
raw data would not be publicly available. In contrast, several
organizations [28, 1, 2, 64, 73] supported the EPA’s proposed
rule. For example, Peter Ruane [73], representing the Amer-
ican Road and Transportation Builders Association, endorsed
the EPA proposed rule and claimed that transparency will en-
hance economic opportunities. Finally, there were many re-
sponses by individuals including those who represented others
[4, 5, 7, 9, 12, 13, 20, 21, 22, 23, 25, 26, 27, 31, 32, 40, 42, 41,
43, 48, 55, 59, 62, 63, 65, 68, 70, 71, 72, 76, 78, 83, 90, 91, 92].
Like other responders, there were those who agreed, disagreed,
or had comments.

The evaluation of dose response and models is impacted by
the choice of statistical processes, management of uncertain-

ties, inclusion of societal objectives such as political vision in
science, and related issues. However, with the possible excep-
tion of the National Academies [50], no response reviewed for
this study addressed these and related issues.

A reasonable finding of the study is that almost all oppo-
nents of the proposed rule identified no process for inclusion
of studies whose results are not publicly available in the regu-
latory process. Apparently, the opponents did not consider the
proposed exemptions included in section 30.9 on protection of
personal privacy, confidential business information, and sensi-
tive national and homeland security data.

Despite the limited number of responses included in the
present study, several responses seemed to have been shep-
herded by specific organizations, as some responses shared sim-
ilar phrasing and sentences.

3. Discussion

As described above, regulatory science is an emerging sci-
entific discipline based on the application of scientific princi-
ples in the regulatory process. The EPA’s definition of regu-
latory science is descriptive of how the Agency intends to use
regulatory science in its decision-making process. Similarly,
the definition of pivotal regulatory science is reasonable, as it
describes how EPA intends to use a specific regulatory science
subject in its decisions.

EPA’s transparency rule raises several areas of concern. A
major issue is the reason for selecting only two areas, dose re-
sponse and models, to be included in pivotal regulatory science,
rather than covering all other scientific – including engineering
– subjects that are used in major regulatory decisions.

Dose response and models are both at the low end of Evolv-
ing Regulatory Science, requiring the inclusion of assumptions
and frequently default data. Unfortunately, as currently prac-
ticed, scientific assessments also include societal objectives
such as policy/political vision of the regulators. The task of the
scientific community is to provide to policy makers the status
of relevant science, including its uncertainties, potential options
for assumptions, and their consequences. The task of policy
makers, including regulators, is to decide and justify the deci-
sion as compared to potential alternatives.

The application of the Jeffersonian Principle would signif-
icantly improve the acceptability of regulatory and other pol-
icy decisions. Typically, scientific assessments, including those
dealing with dose response and models, inherently include un-
certainties requiring assumptions and judgements. Often, they
also require the inclusion of default data and societal objectives.
The Jeffersonian Principle requires that various elements of un-
certainty be translated into a language that is understandable to
knowledgeable non-specialists and ideally to the public. Such
an option would replace the current process used by many reg-
ulators who justify their decisions by stating “the scientists tell
me”. Once the science is translated, members of Congress, reg-
ulators and most members of the scientific community would
be able to understand and participate in the decision process.

Another important issue is the perceived definition of trans-
parency. Many epidemiological and other studies include per-
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sonal and private information that can be modified to exclude
privacy and related materials without impacting the core infor-
mation. However, such a process is complex and is beyond
the scope of this paper. There is a well-established process
to reevaluate a scientific subject claim including epidemiolog-
ical studies without violating the confidentially requirements.
For example, many universities and research organizations that
study human subjects are required to establish and maintain
an Institutional Review Board (IRB). There is no reason for
not providing the epidemiological data to a university or any
other organization with a functioning IRB for reevaluation. The
BARS/MERSC process includes Controlled Transparency im-
plying a reevaluation of a scientific claim by qualified organi-
zations. Once Controlled Transparency is implemented, EPA’s
transparency requirements are met.

Finally, another key issue is reproducibility, a subject that
was emphasized in several responses. There is an unambiguous
distinction between two kinds of reproducibility based on the
level of maturity of science. As described earlier, the Repro-
ducibility Principle of BARS/MERSC implies that any individ-
ual with relevant knowledge can reproduce a scientific study. In
contrast, for obvious reasons, if the study requires assumptions
its reproducibility requires acceptance of the same assumptions.

4. Conclusions

The proposed EPA rule constitutes the first step in im-
plementing transparency requirements of regulatory science.
There are several needed revisions of the proposed rule:

1. The transparency requirements should be extended be-
yond dose response and models. The affected commu-
nity and the society would benefit from regulatory sci-
ence transparency in all regulatory decisions.

2. A key element of the BARS/MERSC Ethical Rules Prin-
ciple is Controlled Transparency, which mandates that
confidential information and data be provided to those
who are legally qualified to receive and evaluate the re-
sults of the relevant studies. The application of Con-
trolled Transparency would expand interested parties’ ac-
cess to relevant information.

3. The EPA and other regulatory agencies should attempt
to comply with the Jeffersonian Principle and translate
relevant regulatory science into a language that is under-
standable to knowledgeable non-specialists. Regulators
would greatly benefit if key members of society, such as
legislative and judicial officers, could understand the sci-
entific foundations of policy and regulatory decisions.

It is also desirable to ensure scientific interaction among key
members of the EPA, scientific organizations that provide com-
ments on to the proposed transparency rule, key opponents and
supporters of the rule, and others. Such interaction would im-
prove the acceptability of transparency requirements, identify
potential shortcomings of the proposed rule, and forge paths to
address the shortcomings.
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