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Abstract
Congress is considering two bills that would require the Environmental Protection Agency
(EPA) to make publicly available all data from studies that it relies on as it develops regulations.
The Congressional Budget Office estimates that it would cost $250 million per year for the EPA
to comply with such a requirement. As an alternative to these bills, the Obama administration
points to an Office of Science and Technology Policy directive requiring that agencies spending
more than $100 million per year on research issue plans to maximize public access to federally
funded data. We show that this directive has not been implemented by the EPA and that there is
good reason to question the validity of scientific research when the data used to create it is not
publicly available. Furthermore, there is good reason to believe that the CBO significantly
overestimated the cost of the bills. We recommend that all regulatory agencies generally provide
public access to the data they rely on to develop economically significant regulations.
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Over the past few decades, the quality of published scientific research has increasingly come into
question.1 Researchers seeking to verify independently the results of articles published in
prestigious scientific journals have reported different results with surprising frequency.2 In
August 2015, for example, researchers investigating 100 published papers in psychology found
that, while 97 percent of original studies reported statistically significant results, only 39 percent
of efforts to reproduce estimates of these effects reported finding the original results.3
Irreproducible results pose such a serious problem that there is a growing awareness that all
interested parties need to do more to contribute to a lasting and effective solution.4
To protect reproducibility, many scientific journals, including Science, Nature, and
Environmental Science & Technology, have adopted policies that require authors to provide
access to supporting data, statistical models, and even lab specimens. The American Economic
Review (AER) investigated the reproducibility of results of published papers after the
implementation of stronger data access rules.5 The AER researchers found that data posting
requirements are quite effective at promoting reproducibility—in the sense that analysis of
original data with identical methods generates the original results. Based on their review of data
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and code placed in repositories for published papers, the AER researchers concluded that “all but
two of the articles (95 percent) could be replicated with little or no help from the author(s).”6
Researchers had earlier found that inadvertent errors in empirical economics research were
“commonplace.”7 A recent paper in Environmental Health Perspectives, a journal of the National
Institutes of Health, proposes guidance for judging the quality of risk assessments. The guidance
includes the following as a criterion for the selection of literature to be used in a risk assessment:
“Sufficient data for the critical studies and the models used in the assessment are available to
interested external parties so as to enable them to replicate/verify the assessment outcomes and to
judge the scientific credibility of the data/models.”8
Recognizing the need to ensure both reliability of the scientific underpinnings of its
policy decisions and public confidence in that reliability, the federal government took steps in
2002 to improve the quality of and access to information it uses in policy making. In its
Information Quality Guidelines, the Office of Management and Budget (OMB) states, “If an
agency is responsible for disseminating influential scientific, financial, or statistical
information, agency guidelines shall include a high degree of transparency about data and
methods to facilitate the reproducibility of such information by qualified third parties.”9 It
elaborates that “making the data and methods publicly available will assist in determining
whether analytic results are reproducible.”10 OMB defines reproducibility to mean the
“information is capable of being substantially reproduced, subject to an acceptable degree of

6

Ibid., 7.
William G. Dewald, Jerry G. Thursby, and Richard G. Anderson, “Replication in Empirical Economics:
The Journal of Money, Credit and Banking Project,” American Economic Review 76, no. 4 (1986): 587–603.
8
Penelope A. Fenner-Crisp and Vicki L. Dellarco, “Key Elements for Judging the Quality of a Risk Assessment,”
Environmental Health Perspectives, forthcoming.
9
OMB, “Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information
Disseminated by Federal Agencies; Notice; Republication,” 67 Fed. Reg. 8460 (February 22, 2002).
10
Ibid.
7

4

imprecision.”11 OMB further explains that “‘capable of being substantially reproduced’ means
that independent analysis of the original or supporting data using identical methods would
generate similar analytic results, subject to an acceptable degree of imprecision or error.”12
An OMB directive to federal agencies provides for public access under the Freedom of
Information Act (FOIA) to federally funded research data related to published research findings
used in developing federal regulations.13 The directive covers federal grants to and agreements
with institutions of higher education, hospitals, and other nonprofit organizations:
In response to a Freedom of Information Act (FOIA) request for research data relating to
published research findings produced under an award that were used by the Federal
Government in developing an agency action that has the force and effect of law, the
Federal awarding agency shall request, and the recipient shall provide, within a
reasonable time, the research data so that they can be made available to the public
through the procedures established under the FOIA.14
To promote scientific integrity, President Obama signed a memorandum on scientific
integrity in March 2009,15 and the Office of Science and Technology Policy (OSTP) issued an
implementing memo on scientific integrity in December 201016 and one on increasing access to
the results of federally funded scientific research in February 2013.17
Some members of Congress have sought additional action by introducing two bills—H.R.
103018 and S. 54419—that would require the Environmental Protection Agency (EPA) to make
publicly available supporting data from any studies that it relies on in its policy making. The
11
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Obama administration has issued statements of administration policy on these bills, indicating
that a veto is likely because the bills “would undermine EPA’s ability to protect the health of
Americans, would impose expensive new mandates on EPA, and could impose substantial
litigation costs on the Federal government. It also could impede EPA’s reliance on the best
available science.”20
Ultimately, public access to data affects not only the efficacy of public policies but also
public trust in the federal government’s actions. Distrust can prevent the timely adoption of
effective solutions to policy problems. Increasing access to the research data used in developing
federal regulations may promote public trust.
In this paper, we review current federal policies and procedures intended to ensure that
scientific and technical research meets appropriate quality standards and we compare them with
similar practices and procedures used by nonfederal institutions. We focus on access to data and
computer code because we find that requirements for public access to data and code have
become a best practice in nonfederal scientific institutions.21
The scientific experience can inform us about the likely success of new federal policies
intended to improve the quality and accessibility of information because federal policies and
institutions have analogs in the scientific world. Some organizations in the scientific community
are adopting best practices to protect scientific integrity. Identifying and characterizing these
practices and describing their possible use by federal government agencies should help inform us
about how to promote access and reproducibility. Contrary to the findings of some earlier work,

20

“Statement of Administration Policy, H.R. 1030, Secret Science Reform Act of 2015,” March 3, 2014.
This industry best practice has not yet been adopted by any of the top federal scientific journals, including
Environmental Health Perspectives, Emerging Infectious Diseases, and Journal of Rehabilitation Research and
Development. See Randall Lutter and David Zorn, “Reinforcing Reproducibility: What Role for the Federal
Government?,” Regulation 38, no. 4 (2015–2016): 15–16.
21

6

our analysis suggests that data and code access can be provided at a reasonable cost that the
benefits of transparency and greater reproducibility will likely exceed.
We also summarize major initiatives that the federal government has undertaken to
improve the quality and public accessibility of federal policy making (including initiatives of the
Obama administration) and their limitations. We then describe evidence that many scientific
research papers present results that are irreproducible (and thus unreliable), and we describe
steps that high-quality scientific journals have taken to address the issue. We next assess the
benefits and costs of implementing a policy of general access to the data and code used in
developing economically significant federal regulations. Finally, we make recommendations for
improving the policy-making process by requiring public accessibility to the data and code
underlying research that federal agencies use to support policies.

Federal Policies on Data Quality and Public Access
Public debate over federal policies that limit public access to the data used in regulatory
decisions dates to at least the 1970s. In 1970, the FDA recommended that doctors prescribe oral
hypoglycemic drugs only for patients with adult-onset (Type 2) diabetes that could not be
controlled by diet and only when the patients were not insulin dependent.22 The recommendation
was made on the basis of a federally funded study carried out by the University Group Diabetes
Program (UGDP), which found that the oral hypoglycemic drug tolbutamide was associated with
an increased death rate from cardiovascular disease among mildly diabetic patients.23 The results
of the UGDP study were immediately controversial. Some researchers raised questions about the
22
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study’s design. In addition, the unavailability of oral hypoglycemic drugs would significantly
reduce the treatment options for many patients. And the FDA’s actions would potentially expose
physicians to malpractice lawsuits.
In 1974, the proponents of oral hypoglycemic drugs, who organized as the Committee on
the Care of the Diabetic (CCD), criticized the UGDP study and, using the FOIA, began
requesting the data underlying the UGDP study in order to replicate the results. In 1975, the FDA
proposed restrictive changes to the labeling of oral hypoglycemic drugs largely on the basis of
the results of the UGDP study. In 1977, Secretary of Health, Education, and Welfare Joseph
Califano declared that phenformin, another oral hypoglycemic drug, was an imminent public
health hazard and withdrew FDA approval of drug products that contained it. The FDA denied
the CCD’s FOIA request on the grounds that the study’s data were not agency records subject to
the FOIA because the data were maintained by the UGDP and not by an agency of the federal
government. A case was brought in federal district court as Forsham v. Califano on whether the
data should be subject to the FOIA. Forsham and members of the CCD seeking access to the data
lost in US District Court and the US Court of Appeals. In 1980, the US Supreme Court ruled
that, even though the UGDP study was federally funded, the UGDP data were not subject to the
FOIA as long as a federal agency did not have physical possession of the data.24
Two decades later, a similar issue arose when the EPA issued the National Ambient Air
Quality Standards for Particulate Matter largely on the basis of federally funded research,
particularly the Harvard School of Public Health’s Six Cities study and an American Cancer
Society (ACS) study.25 Challenges to the regulation included criticisms of the studies’ design and
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analysis. Efforts to obtain access to the data underlying the studies failed. The EPA did not
possess the data, so the FOIA requests for the data came up empty. Researchers for both studies
then gave access to the data to a team of researchers selected by the Health Effects Institute, a
nonprofit research institute jointly funded by the EPA and the automotive industry that specialized
in the health effects of air pollution so that the researchers could attempt to replicate the studies.
In 2000, the reanalysis team reported that it had found very few coding problems with the data
used in either study and that it had been able to replicate the point estimates made by the studies’
researchers.26 The team also performed a number of sensitivity analyses, a few of which showed a
reduction in the estimated effects of particulate matter on mortality.27 The Harvard and ACS
researchers refused to share the data more widely on the grounds that they had promised the study
participants anonymity and that the data contained personally identifiable information.28 Lack of
access to data has continued to play a significant role in the policy debate over EPA’s clean air
rules. In response to a congressional subpoena seeking the data used in the Six Cities and ACS
studies, the EPA stated in 2014 that it still did not possess sufficient data to replicate the results of
the original studies, even after multiple interactions with the owners of the data.29
In 1998, partly in response to the difficulties in obtaining data from the Harvard and ACS
researchers, Congress passed the Shelby Amendment as part of Public Law 105-277. The
amendment directs OMB to revise Circular A-110 (“Uniform Administrative Requirements for
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Grants and Agreements with Institutions of Higher Education, Hospitals, and Other Non-Profit
Organizations”) “to require Federal awarding agencies to ensure that all data produced under an
award will be made available to the public through the procedures established under the Freedom
of Information Act.”30 The Shelby Amendment effectively negated the US Supreme Court’s
ruling in Forsham v. Harris, at least with respect to research that might be funded later. After
two rounds of public comment, OMB revised Circular A-110 in 1999 to improve public access
to federally funded data. Specifically, if federally funded research findings are published in a
journal or “when an agency publicly and officially cites the research findings” in issuing a
federal regulation, then in the event of a FOIA request for the research data, “the awarding
agency shall request, and the recipient shall provide, within a reasonable time, the research data
so that they can be made available to the public” through FOIA procedures.31
The Shelby Amendment and Circular A-110 improve public access to federally funded
research and data, but obstacles remain. One limitation is that Circular A-110 does not apply to
research by for-profit contractors. Moreover, it is dependent on the use of the FOIA to petition
for access to a specific piece of research. The FOIA allows the public to request that federal
agencies provide records that the government possesses or has funded (because of the Shelby
Amendment). The law requires that agencies “respond” to a request within 20 business days
(four calendar weeks), plus an additional 10 business days (for a total of six calendar weeks) if a
request involves searching multiple sites (which will usually be the case with research funded
through contracts or grants).32 Agencies may respond within the timeframe by affirming that
records relating to the request exist. The records may be delivered to the requester at a later time.
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Relying on the FOIA process requires that a requester file a request with the funding agency; that
the funding agency determine whether the data requested are subject to the FOIA; and, if so, that
the agency then request the data from the researcher. The researcher then sends the data to the
funding agency, and the funding agency reviews the data to ensure that no data are protected
from public disclosure under established FOIA exceptions.
Agencies often respond to FOIA requests quite slowly, according to independent
assessments of agency responsiveness. Using 2015 statistics reported by the Department of Justice,
which oversees FOIA activities for the federal government, the Center for Effective Government
scored how well agencies performed at processing FOIA requests.33 Using the data that agencies
reported in their annual FOIA reports for 2013, the center rated agency performance based on 16
factors most highly weighted toward the percentage of requests fully or partially granted, the
percentage of requests responded to within 20 days, the average number of days to respond to
requests, and the size of each agency’s request backlog. Also, the Cause of Action Institute tested
agency response times to FOIA requests in 2012.34 Table 1 shows the results of both studies of
FOIA responses by agency. Other studies by Bloomberg35 and the FOIA Project36 yielded similar
results, except they showed that many agencies do not respond to requests even after 180 days.
Other administration initiatives have sought to promote public access to data. For
example, a 2013 memorandum from the Office of Science and Technology Policy (OSTP) goes
beyond Circular A-110. The OSTP states that federally supported data should be publicly
accessible and directs executive branch agencies that spend more than $100 million a year
33
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funding research to develop and issue plans to maximize access by the general public to digitally
formatted data created with federal funds.37 Also, federally funded research data should be
deposited in a repository for public access, according to the OSTP memo. The Obama
administration touts the OSTP initiative as a reason that H.R. 1030 and S. 544, requiring the EPA
to provide public access to research data used in policy making, are unnecessary.38

Table 1. Agency Responsiveness to FOIA Requests
Average number of days to respond
to Cause of Action Institute
(b)
FOIA request
Department of Agriculture
94
84.1
Department of Transportation
63
125.0
Department of Health and Human Services
60
135.4
Department of Defense
55
155.0
Environmental Protection Agency
52
47.0
Department of Veterans Affairs
51
79.5
Department of Homeland Security
51
148.0
Department of Education
Not covered by CEG study
21.0
Department of Energy
Not covered by CEG study
101.0
Department of the Interior
Not covered by CEG study
147.0
Department of Commerce
Not covered by CEG study
No response in 240 days
Note: FOIA = Freedom of Information Act; CEG = Center for Effective Government.
Agency

CEG FOIA score for
(a)
processing requests (%)

Sources: (a) Sean Moulton and Gavin Baker, “Making the Grade: Access to Information Scorecard 2015,” Center
for Effective Government,” March 2015; (b) Cause of Action Institute, “Grading the Government: A Look at How
Federal Agencies Measure Up on FOIA Requests,” Cause of Action Institute, 2013.

To evaluate implementation of the OSTP initiative, we collected the data policies that
each agency posted on its website to comply with the OSTP memo. Table 2 shows the major
funding agencies covered by the memo,39 the policies of each agency on how data will be
accessible, and when the agency stated that the policy would be effective.
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Table 2. Policies of Federal Agencies for Publicly Posting Taxpayer-Funded Research Data
Agency

Policy for posting data

Effective date

Agency for Healthcare
Research and
(a)
Quality

Researchers are expected to share data at the time of publication of
the main findings from the dataset. The agency promotes use of
publicly accessible databases.

Oct. 2015

Assistant secretary for
preparedness and
response, Department
of Health and Human
(b)
Services

Researchers must publish digital scientific datasets in a recognized
scientific data repository that is capable of long-term preservation of
the data and open access to the public within 30 months from the
creation of the dataset or on publication of a peer-reviewed article
based on the dataset, whichever is sooner.

Oct. 2015

Centers for Disease
Control and
(c)
Prevention

Researchers should make data available no later than 30 months after
completion of collection, but only on request and only to an agencyapproved party for an agency-approved public health purpose.

Oct. 2015

Department of
(d)
Defense

Researchers should store digitally formatted scientific datasets at
the time of publication of research where the data are publicly
accessible.

pending
rulemaking

Department of
(e)
Energy

Researchers should propose appropriate plans to provide access to
data.

Oct. 2015

Department of
(f)
Transportation

Researchers must ensure that unclassified data are available for
public download and analysis.

Dec. 2015

Food and Drug
(g)
Administration

Researchers are expected to commit to sharing digital data
underlying their research findings on publication of their findings in a
peer-reviewed article.

Jan. 2016

National Aeronautics
and Space
(h)
Administration

Researchers whose work has appeared in peer-reviewed
publications must provide a plan for making the research data that
underlie their results and findings digitally accessible within a
reasonable time period after publication.

Feb. 2015

National Institute of
Standards and
(i)
Technology

Researchers must provide a plan for storage and preservation of the
data and for how data will be made available to the public.

Dec. 2014

National Institutes of
(j)
Health

Researchers are expected to make data available at the time the
study appears in a peer-reviewed publication.

Dec. 2015

National Oceanic and
Atmospheric
(k)
Administration

Researchers must make data available typically within two years of
collection or when an article using the data is published if earlier
than two years. Data must be publicly discoverable through the
agency’s data inventory and must be publicly accessible via online
services in widely used machine-readable formats.

March 2016

National Science
(l)
Foundation

Researchers should deposit at an appropriate repository all data
resulting from the research funded by an award from the
foundation, regardless of whether the data support a publication.

no earlier than
Jan. 2017

Smithsonian
(m)
Institution

Researchers must submit digital research data supporting
publications via an electronic copy or link to such copy to
Smithsonian-managed or -approved repositories within a negotiated
period of time.

Oct. 2015

Department of
(n)
Agriculture

Researchers will be required to make the digital data underlying the
conclusions of peer-reviewed scientific research publications freely
available in public repositories in machine-readable formats.

2017

continued on next page
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Agency

Policy for posting data

Effective date

Department of
(o)
Veterans Affairs

Researchers will be required to share all digital data underlying their
published results from all agency-funded research at least under
controlled public access mechanisms where privacy, intellectual
property, or other concerns preclude open public access.

Dec. 2015

Department of
Education

No posted plan approved by the Office of Science and Technology
Policy.

Department of
Homeland Security

No posted plan approved by the Office of Science and Technology
Policy.

Department of the
Interior

No posted plan approved by the Office of Science and Technology
Policy.

Environmental
Protection Agency

No posted plan approved by the Office of Science and Technology
Policy.

Office of Director of
National Intelligence

No posted plan approved by the Office of Science and Technology
Policy.

Agency for
No posted plan approved by the Office of Science and Technology
International
Policy.
Development
Note: All the agency policies are lengthy and detailed, and all include exceptions where release of data would
compromise personal privacy, confidentiality, intellectual property, or national security.
Sources: (a) Agency for Healthcare Research and Quality, “AHRQ Public Access to Federally Funded Research,”
February 2015, accessed June 29, 2016; (b) Office of the Assistant Secretary for Preparedness and Response, “Public
Access to Federally Funded Research: Publications and Data,” accessed July 29, 2016; (c) Centers for Disease
Control and Prevention, “CDC Plan for Increasing Access to Scientific Publications and Digital Scientific Data
Generated with CDC Funding,” January 2015; (d) Department of Defense, “Plan to Establish Public Access to the
Results of Federally Funded Research,” February 2015; (e) Department of Energy, “Public Access Plan,” July 24,
2014; (f) Department of Transportation, “U.S. Department of Transportation Public Access Plan: Increasing Access to
Federally Funded Research Results,” accessed June 29, 2016; (g) Food and Drug Administration, “Plan to Increase
Access to Results of FDA-Funded Scientific Research,” February 2015; (h) National Aeronautics and Space
Administration, “NASA Plan: Increasing Access to the Results of Scientific Research (Digital Scientific Data and
Peer-Reviewed Publications),” November 21, 2014; (i) National Institute of Standards and Technology, “Plan for
Providing Public Access to the Results of Federally Funded Research,” December 4, 2014; (j) National Institutes of
Health, “Plan for Increasing Access to Scientific Publications and Digital Scientific Data from NIH Funded Scientific
Research,” February 2015; (k) NOAA (National Oceanic and Atmospheric Administration) Research Council,
“NOAA Plan for Increasing Public Access to Research Results,” February 2015; (l) National Science Foundation,
“NSF’s Public Access Plan: Today’s Data, Tomorrow’s Discoveries: Increasing Access to the Results of Research
Funded by the National Science Foundation,” March 18, 2015; (m) Smithsonian Institution, “Plan for Increased
Public Access to Results of Federally Funded Research,” August 18, 2015; (n) US Department of Agriculture,
“Implementation Plan to Increase Public Access to Results of USDA-Funded Scientific Research,” November 7,
2014; (o) Department of Veterans Affairs, “Policy and Implementation Plan for Public Access to Scientific
Publications and Digital Data from Research Funded by the Department of Veterans Affairs,” July 23, 2015.

The OSTP initiative has not been effectively implemented. First, it would not accomplish
the goals of H.R. 1030 and S. 544 because it covers only federally funded research and not other
research that agencies rely on for policy making, and it is clear that public access to research data
is not required by most agencies. Most only require commitments to share the data. In the next
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section, we will see that such policies employed by scientific journals have proven to be
ineffective at ensuring accessibility to research data. Also, more than three years after OSTP
issued its directive, a number of major research funding agencies have failed to issue the
necessary plans. The EPA, the Office of the Director of National Intelligence, US Agency for
International Development, and the departments of Education, Homeland Security, and the
Interior have not posted plans to comply with the OSTP initiative.40
Public access to data would be inadequate or not timely even for those agencies that have
posted approved plans. Plans for the National Science Foundation and the Department of
Agriculture are not scheduled to go into effect until sometime in 2017 and for the Department of
Defense possibly later, depending on the length of its rulemaking process. Also, several agency
plans only require data access for research once it has been published in a peer-reviewed journal,
while others make provision for access to data not associated with a publication. Anyone
wanting gain access to data funded by the Centers for Disease Control and Prevention must
apply via a questionnaire that includes describing the requester’s research qualifications and
reasons for wanting the data.41 If the requester’s credentials and interest are deemed meritorious,
the requester may still have to wait 30 months after final collection of the data.42

Irreproducibility in Scientific Research and Policies to Enhance Reproducibility
Access to the data necessary to replicate scientific studies is essential because the results of so
many peer-reviewed scientific publications have proven to be impossible to reproduce. For

40
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example, researchers at Amgen were able to replicate only 11 percent of 53 major cancer
research papers published between 2001 and 2011.43 Researchers at Bayer reported that they
could reproduce the results reported in a set of drug research studies relevant to the company
only 25 percent of the time.44 Researchers reviewing articles in the fields of neuroscience,
developmental biology, immunology, cell and molecular biology, and general biology showed
that in 54 percent of papers the methods and materials were not identified well enough to permit
replication.45 A survey of psychologists found that researchers could successfully replicate
results of only 49 percent of 257 peer-reviewed papers.46
The federal government recognizes the challenges that irreproducible scientific research
poses for innovation, the greater scientific enterprise, science-based policy development, and the
efficient allocation of research funding. In 2014, the OSTP and the National Economic Council
issued a request for information on how the federal government can “identify policy
opportunities to promote innovation and its economic benefits in the United States.”47 One of the
questions was the following: “Given recent evidence of the irreproducibility of a surprising
number of published scientific findings, how can the Federal Government leverage its role as a
significant funder of scientific research to most effectively address the problem?”48 One
approach to this question is to review how the nonfederal scientific community seeks to ensure
reproducibility specifically and research quality generally.
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OMB uses peer review as a standard for research relevant for policy, stating that
properly peer-reviewed articles deserve a rebuttable presumption of substantial
reproducibility.49 Peer review in academia is the process that journal editors use to judge the
significance and originality of research papers submitted for publication. When journal editors
send manuscripts to referees for peer review, they typically ask whether a manuscript properly
reviews the existing literature, uses methods adequate to support its conclusions, and reaches
conclusions that represent a meaningful contribution to the literature. Reviewers are rarely
asked to verify the findings of studies they review, and they typically lack the incentives or
resources to do so. 50 Thus, peer review does not address whether research findings are
reproducible.51 In 2002, a report of the National Research Council stated that “peer review
alone does not detect fraud, validate factual findings . . . or substitute for the judgments of the
scientific community as a whole.”52
Redoing experiments for research or policy-making purposes may be prohibitively
costly for studies that were conducted over a period of years or that required special access to
research subjects. Replication using the original data is still important to ensure reliability. For
this reason, a number of the most prominent scientific journals require that authors commit to
data sharing.53
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Even in cases in which journal policies require authors to commit to sharing data on
request, authors rarely follow through on those promises.54 This finding has been instrumental in
persuading journal editors to require that data be placed in repositories or otherwise made
publicly accessible as a condition for publication, rather than just requiring authors to commit to
sharing data on request.55 The use of public repositories for the archiving of data has become
virtually universal in evolutionary biology.56 Some research shows that journal requirements to
archive data increase data availability 1,000-fold compared with journals with no policy at all,
suggesting that requirements for data archiving are very important.57
Posting study data has proven to be effective at improving the reliability of research in
economics. In empirical economics, a study of replication of well-regarded peer-reviewed
research in a highly regarded journal suggested that inadvertent errors may be “commonplace
rather than rare occurrences.”58 The AER subsequently adopted a policy “to publish papers
only if the data used in the analysis are clearly and precisely documented and are readily
available to any researcher for purposes of replication.” Further, the AER conducted an
evaluation of its policy and reported in 2011 that about 80 percent of 39 sampled papers met
the spirit of the data availability policy and that 95 percent were substantially reproducible.
Independent efforts at replication of nine selected papers found no serious errors (with almost
exact replication for five studies and “several small discrepancies . . . immaterial to the
54
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conclusions” for another four).59 This result represents a marked improvement relative to the
results of the original 1986 study of replication by Dewald, Thursby, and Anderson. The
difference is attributable, at least in part, to the change in the AER’s policy of data
accessibility. Although analytic methods underlying papers published in the AER are different
from those used in other disciplines, the experience of the AER suggests that data accessibility
improves the reliability of the results of published, peer-reviewed scientific papers. Economic
methods are broadly similar to those used in other types of scientific research in that they
involve complicated statistical analyses of large volumes of nonexperimental data.
Administrative measures taken to date by the federal government have not been adequate
to provide timely access to the data and code necessary to assess the independent reproducibility
of scientific findings used in federal regulations. Yet the experience of scientific journals
suggests that such replication is important because published articles have been found to contain
errors with surprising frequency. Thus, one might ask what the benefits and costs are of a policy
change that would require agencies to make publicly available all the data and code underlying
their regulatory decisions. We next turn to the two parts of this question, focusing on the
requirements of H.R. 1030 and S. 544, if extended to the federal government.

Costs of Greater Access to Data Relevant to Federal Rulemaking
The cost of providing access to data has been one of the primary concerns about requiring
access to data used by the federal government.60 H.R. 1030 and S. 544 would require the EPA
to ensure that the data and computer code underlying any scientific research that an agency
relies on in a “risk, exposure, or hazard assessment, criteria document, standard, limitation,
59
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regulation, regulatory impact analysis, or guidance” is publicly available online. According to
the Congressional Budget Office (CBO), “Based on information from EPA, CBO estimates
that the agency would spend, on average, $10,000 per scientific study for activities to meet the
bill’s requirements. Specifically, such funding would cover the costs of obtaining all of the
underlying data used in a study, reviewing the data to address any confidentiality concerns,
formatting the data for public access, providing access to the computer codes and models used
in the study’s analysis, and providing descriptions and documentation on how to access the
data. Such activities could entail correspondence and negotiations with study authors and
publishers and computer processing services to construct and maintain databases to store
study-related information.”61 On the basis of that number and an estimate that the EPA
references about 25,000 scientific studies per year in its rulemaking, CBO estimates that it
would cost the EPA about $250 million per year to comply with the requirements of the bills if
they were enacted.62
We develop an alternative and more transparent estimate of the costs of complying with
those bills using estimates that the EPA has already developed for existing requirements that
certain firms submit data. The costly activities and services that need to be performed to provide
data access can be divided into two categories—data collection and data accessibility. Data
collection includes most of the activities listed by CBO:63 correspond with researchers and
publishers to obtain the data, review the data for confidentiality concerns, format the data for
public access, publicly post the computer code and models used in each study’s analysis, and
provide descriptions and documentation on how to obtain the data. Data accessibility includes

61

CBO, “Cost Estimate, S. 544, Secret Science Reform Act of 2015,” June 5, 2015.
Ibid., 3.
63
Ibid., 2.
62

20

the last activity mentioned by CBO: provide “computer processing services to construct and
maintain data bases to store study-related information.”64
When federal agencies require that industries or individuals provide information to the
government, under the provisions of the Paperwork Reduction Act they must estimate the amount of
time needed to provide the information. The EPA’s Health and Safety Data Reporting Rule (40
C.F.R. 716), most recently updated in 2012, requires the chemical industry to undertake activities
similar to the data collection activities that the EPA would need to perform under H.R. 1030 and S.
544.65 The rule requires manufacturers, processors, and distributors to identify any health and safety
studies in their possession that relate to the health or environmental effects of certain chemical
substances and mixtures, to copy and summarize the relevant studies, to make lists of studies that
are currently in progress, and to review the studies for confidential business information.
The EPA’s supporting statement for its information collection request under the
Paperwork Reduction Act gives the number of hours that the EPA estimates for data collection
activities. The following estimates are from the EPA’s 2015 supporting statement for the Health
and Safety Data Reporting Rule.66 The EPA estimates that it would take chemical manufacturers
and processors 3.0 hours to determine which of their locations might have relevant studies, plus
4.5 hours to search through the files at those locations for the relevant studies. Those activities
should roughly correspond to the efforts that a federal employee would need to spend
communicating with researchers and publishers to locate the data underlying a published study
and to obtain the data for compliance with a data access policy.
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The EPA estimates that it would take chemical manufacturers and processors 1.0 hour to
review each study for confidential business information. That should closely correspond to the
amount of time needed for a federal employee to review study data for confidentiality concerns
in preparation for public disclosure under a data access policy.
The EPA estimates that it would take chemical manufacturers and processors 1.0 hour to
photocopy all relevant studies for submission to the agency. Given modern technology, by the
time research has been published, almost all relevant underlying data and computer code and
models will be in electronic format, so photocopying will be unnecessary. However, formatting
unformatted data for public access can take a significant amount of time. In the absence of
better information on this point, we surmise that formatting unformatted data and making the
analytic models and computer code used in EPA analyses available may, in some cases, take
10.0 hours per study.
The EPA estimates that it would take chemical manufacturers and processors 12.0 hours
to make a robust summary of the studies they would submit to the agency. That should roughly
correspond to the amount of time needed for a federal employee to provide descriptions and
documentation on how to access the data. We note that the level of effort and education
necessary to provide a robust summary of scientific research is significantly greater than that
needed to write metadata descriptions of study data and instructions on how to make the data
available for use by the public. Based on the EPA’s estimates, we can presume that the data
collection activities needed to make public the data underlying the studies that the EPA uses in
its rulemaking would take 30.5 hours per study.
In the same information collection request, the EPA explains how it calculates the
monetary cost of paperwork processing activities that the agency must perform for its Health and
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Safety Data Reporting Rule. The EPA uses the basic hourly wage for a Grade 13, Step 5 federal
employee and adds 60 percent to account for benefits and overhead (the nonwage costs of
employee time).67 The Office of Personnel Management’s 2015 General Schedule Locality Pay
Table for the Washington–Baltimore–Northern Virginia area lists that basic hourly wage as
$49.32.68 Adjustment for benefits and overhead brings the full labor cost to $78.91 per hour. At
that rate, the 30.5 hours spent on data collection activities would cost $2,407 for each study
relied on by the EPA.
Once the EPA collects and prepares the data for public posting, there will be a cost for
storage and maintenance of the data for public accessibility. Researchers at Indiana University
have estimated the cost of constructing and maintaining a scientific data repository large enough
to contain the data for 64,340 scientific publications, with data files of 32 GB per publication.69
The average annual number of new research publications supported by National Science
Foundation funding is 64,340, and 32 GB is the average size of a dataset associated with such
research.70 The Indiana University researchers estimate the cost of providing storage,
maintenance, and access to the data for each publication to be $151.71
Based on this information, we estimate the total cost to the EPA for data collection and
public accessibility would be $2,558 per study, or about 26 percent of the $10,000 per study cost
estimated by CBO. These cost estimates (both CBO’s estimate and the one we present here)
assume a baseline of no public access to the EPA data. We estimate, however, that $592 (or 23

67

Ibid., 15.
Office of Personnel Management, “Salary Table 2015-DCB, Incorporating the 1% General Schedule Increase and
a Locality Payment of 24.22% for the Locality Pay Area of Washington-Baltimore-Northern Virginia, DC-MD-VAWV-PA, Total Increase: 1%, Effective January 2015,” accessed July 29, 2016.
69
Beth Plale et al., “Repository of NSF-Funded Publications and Related Datasets: ‘Back of Envelope’ Cost
Estimate for 15 Years,” March 2013.
70
Ibid.
71
Ibid., 8.
68

23

percent) of the total cost is just for obtaining the data. To the extent that the agency uses the same
scientific research in its decision making regarding multiple rules, the cost of making research
data publicly accessible would be less than $2,000 per study in those cases, or less than 20
percent of the cost estimated by CBO. Finally, to the extent that study authors posted the
necessary data when their studies were published, the costs would be lower still. Many journals
require authors to post their supporting data as a condition of publication.
CBO’s cost estimate of $250 million per year for the EPA to comply with H.R. 1030 and
S. 544 depends not only on the cost per study but also on the number of studies that the EPA
relies on per year. CBO estimates that the EPA uses an average of 25,000 studies per year, based
on a midpoint of 12 to 50,000 studies referenced for two different regulations.72 We can use
information from Regulations.gov to make a more transparent estimate. During the 10 years
between January 1, 2005, and December 31, 2014, Regulations.gov listed 177,772 documents as
being placed in the EPA’s dockets and categorized as “Supporting and Related Material.” That
category includes some scientific research, some documents summarizing many pieces of
scientific research, and many other nonscience-related documents such as administrative
documents produced by the agency. A reasonable estimate is that each supporting document
represents a single piece of scientific research. In this case, the EPA would reference, on
average, 18,000 pieces of scientific research each year.
Using any estimate of the number of pieces of research referenced by the EPA is,
however, very likely to be an overestimate of the number of pieces of research that would be
covered by the texts of H.R. 1030 and S. 544. Both bills refer to research “relied upon” by the
agency. The bills do not define the phrase or clarify what research is included by the term, but it
72
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is reasonable to interpret the phrase “relied upon” as more narrow than referenced. The agency
may reference many pieces of research that are related to a rulemaking but that it does not truly
rely on to influence or justify a provision of the rule. For example, all of the EPA’s recent
National Ambient Air Quality Standards rules present estimates of the costs to comply with
Executive Order 12866, but these costs are irrelevant during judicial review.73
Assuming a cost of $2,558 per study, our estimate of the total annual cost for the EPA to
obtain and post the data for the amount of scientific research that the agency has traditionally
cited per year would be $46 million. In its estimate, CBO mentions that costs over time would
decline; once data had been obtained and posted for a study, there would be no additional cost to
relying on that study again. The same would be true of our estimate.
The EPA may find that it is unable to obtain the underlying data for many scientific
studies. Researchers have shown that, even when authors say their data are available on request,
a large percentage of authors do not provide data on request.74 They do not respond; they
respond after months of delay; or they respond without sharing their data. If this is the case with
research that the EPA wants to rely on, the EPA’s costs associated with such studies will only be
$592 for attempting to obtain the data and a small additional amount for asking the authors
repeatedly. Based on the studies that have attempted to obtain access to data from peer-reviewed
studies, we estimate that after spending 7.5 hours attempting to obtain data from study authors,
the EPA will receive data for only 20 percent of the requested studies.75 In that case, we estimate
that the full $2,558 cost per study will apply to only 3,600 studies per year (20 percent of 18,000)
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and that the $592 cost of attempting to obtain the data will apply to 14,400 studies per year (80
percent of 18,000), for a total cost of less than $18 million.
Those who object to H.R. 1030 and S. 544 say that, when the EPA is not able to use
scientific studies because supporting data are not available, it will “weaken the ability of science
to inform federal rule-making.”76 Such a claim seems to ignore the fact that a large percentage of
published studies are unreliable. Further, the willingness to make data available is related to the
strength of the evidence and the quality of reporting of the statistical results.77 So one may
presume that regulatory policies are more likely to be based on valid scientific relationships
where data are available.

Benefits of Greater Access to Data
Public access to the data underlying studies used by federal agencies in making significant public
policies may lead to increases in the true net benefits of federal policies by helping to ensure that
the policies are based on valid science and not on published studies with irreproducible results.
Available data let us calculate how large the increases in net benefits of regulations from
improved reproducibility would need to be to exceed the costs of providing this greater
reproducibility. To calculate this increase, we begin with a 2014 OMB report that states that the
EPA’s estimates of the annualized benefits of 34 major rules, finalized by the EPA between
October 1, 2003, and September 30, 2013, were $165 billion to $850 billion.78 This report also
states that the estimated annualized costs for major rules issued during that decade were $38 billion
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to $46 billion. Dividing the benefits and costs for the 10 years of rules suggests that the annual net
benefits of these major rules are $12 billion to $81 billion, a range derived by subtracting the
largest cost estimate from the smallest benefit estimate and the smallest cost estimate from the
largest benefit estimate. Improvements in reproducibility can be thought of as increasing the net
benefits of regulations because they would avoid situations in which costs or benefits are wrongly
estimated to occur or in which regulatory costs are imposed without corresponding benefits. More
specifically, we can calculate an increase in existing net benefits from greater reproducibility,
which, if it occurred, would cover the costs of obtaining the data and making the data available.
To address fully the uncertainty in such a calculation, we consider both the range of
uncertainty in annual net benefits of the EPA’s rules and the uncertainty in the costs of providing
accessibility to the data underlying those rules. As just discussed, the baseline annual net benefits
could be either $12 billion or $81 billion, as in two rows of table 3. Similarly, the incremental cost
of providing accessibility could be either of the two estimates presented in the last section ($18
million or $46 million) or CBO’s estimate of $250 million. We represent these possibilities as
three columns in table 3. The content of each of the six cells in the table represents how large the
incremental improvement in annual net benefits from the EPA’s rules would have to be for such
improvements to outweigh the costs of achieving them. As shown, an improvement in net benefits
of 0.02 to 2.08 percent would imply that the net benefits of requiring data access are positive.
These estimates are conservative insofar as they ignore the incremental net benefits of the
287 nonmajor final rules that the EPA issued during the 10-year period ending in September 2013.79
The estimates also ignore other important benefits of transparency, public participation, and
collaboration. Making the data publicly available to verify the findings of research that influences
79
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policy-making may increase the level of trust in federal policies. It is also likely that providing all
sides of controversial issues with access to relevant scientific data would serve to focus debates
more on strengthening the relationship of policies to reproducible science.

Table 3. Percentage Increases in Estimated Regulatory Net Benefits Needed to Equal
Various Estimates of the Cost of Data Access
Annual net
benefits of new
EPA regulations
$12 billion

Range of annual costs of ensuring access to data used in EPA regulations, %
$18 million
(assuming 20% data
availability)

$46 million
(assuming 100% data
availability)

$250 million
(CBO estimate, assuming
100% data availability)

0.15

0.38

2.08

$81 billion
0.02
0.06
Note: EPA = Environmental Protection Agency; CBO = Congressional Budget Office.

0.31

Source: Authors’ calculations. See text for explanation.

Some research institutions assert that data availability enhances the scientific enterprise.
As the National Institutes of Health explains, “Sharing data reinforces open scientific inquiry,
encourages diversity of analysis and opinion, promotes new research, makes possible the testing
of new or alternative hypotheses and methods of analysis, supports studies on data collection
methods and measurement, facilitates the education of new researchers, enables the exploration of
topics not envisioned by the initial investigators, and permits the creation of new data sets when
data from multiple sources are combined.”80 In the National Institutes of Health’s estimation, data
sharing is required to speed the implementation of efforts to improve public policies.81 Beyond
data sharing, providing public access to data in archives has important social benefits in
80
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preserving the public stock of data, which otherwise is easily lost. As some evolutionary
biologists explain, “Once the results of a study are published (if ever), the data on which those
results are based are often stored unreliably, subject to loss by hard drive failure and (even more
likely) by the researcher forgetting the specific details required to use the data. Moreover, most
data are never available to the broader community, even after publication of the results; in most
cases this unavailability is permanent due to the eventual death of the researchers involved. We
are losing nearly all of this important legacy.”82 Of course, our estimates of the benefits of public
access to data supporting federal regulatory decisions fall short of proving that the benefits
outweigh the associated costs. They do show, however, the plausibility of such a claim.

Policy Recommendations
We show that, without public access to data, federal agencies are at risk of making policy
decisions based on flawed information that can misdirect public and private resources. Moreover,
public access to influential data is essential for agencies to maintain transparency and for the
public to have a meaningful opportunity to participate in the regulatory process in an informed
manner. A policy prescribing public access to data in studies that the EPA relies on for its
rulemaking would likely offer net benefits with costs much smaller than those estimated by CBO
for H.R. 1030 and S. 544. Still, those legislative proposals could be improved. We suggest
several refinements to require public access for data used in federal rulemaking.
First, those legislative proposals should be broadened to cover all regulatory agencies. As
we show here, papers in numerous scientific disciplines frequently contain irreproducible results,
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making every federal agency that uses such research results vulnerable to having irreproducible
results inadvertently influence policy.
Second, H.R. 1030 and S. 544 should target regulations that are economically significant
as defined by Executive Order 12866. According to a search of RegInfo.gov, executive branch
agencies published 66 economically significant final regulations in 2015; according to a search
of Regulations.gov, the federal government published 1,124 final regulations during 2015. Even
though economically significant regulations represent a small percentage of the regulations
published, OMB considers them to account for the “vast majority of costs and benefits of new
Federal regulations.”83
H.R. 1030 and S. 544 should be amended to define “relied upon” to clarify that those
legislative proposals affect only research that an agency uses to support or define key dimensions
of policy. Research that merely provides background information relating to a policy is not
influential research that is “relied upon” by an agency.
We are not recommending that agencies use the data obtained to replicate the results of
studies, although it would be a sensible approach to show reasonable due diligence in regard to
the scientific basis for public policies. We are, however, recommending that agencies seek to
obtain the data underlying the studies that they rely on and then post the data publicly (after
adopting appropriate protections for confidential business information and human subject and
patient privacy), so that interested parties can attempt to replicate the results of the studies.
The existence of personally identifiable information (PII) in research data need not be an
insurmountable barrier to broader access. A 2007 OMB memorandum with the subject
“Safeguarding against and Responding to the Breach of Personally Identifiable Information”
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recognizes that different data have different levels of impact with PII generally having moderate
or high impact.84 OMB should also instruct the agencies to maximize access to such data if they
are used by a federal agency in rulemaking. Depending on the risks to privacy posed by the PII at
issue, OMB should encourage agencies to select controls from a suite of measures that can be
adopted to protect PII. The range of potential measures includes the following:
•

requiring applications for access,

•

imposing nondisclosure agreements,

•

requiring online training for researchers on how to protect PII,

•

implementing digital rights management technologies to prevent copying or
redistribution of data,

•

establishing physical controls on how data is stored,

•

air-gapping computers used to access the data so that the data is never exposed to the
Internet,

•

restricting the printing of data,

•

allowing access to data only at Federal Statistical Research Data Centers,

•

allowing data to be used only for the purposes of replication, validation, and sensitivity
evaluation,

•

requiring background checks,

•

requiring users to post performance bonds that will be forfeited if they inadvertently act
to release PII,

•

imposing civil or criminal penalties for the release of PII, and

•

blacklisting violators from accessing PII in the future.

These special considerations for providing access to data containing PII cannot all be
legitimately applied to all research data. Specifically, agencies cannot treat all data as though
they contain equally sensitive PII.
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Many federal agencies already provide access to data containing PII under certain
circumstances and already have guidelines for handling PII. Examples include Internal Revenue
Service data that include confidential information on income and audits,85 Agency for Healthcare
Research and Quality Medical Expenditure Panel Survey data that include medical diagnosis,
treatment, and billing information,86 and Bureau of Labor Statistics National Longitudinal
Survey of Youth data that include criminal records, intellectual achievement statistics, sexual
activity, and substance use.87
The US Government Accountability Office has issued several reports in the last few
years finding that federal agencies should protect PII better.88 However, we could find no
concerns the Government Accountability Office expressed in any of these reports about
problems caused by providing access to data for research purposes.
When the PII in research data has the highest degree of sensitivity, so that the data are
accessible only after an application process, we recommend that agencies significantly lengthen
the standard 60-day comment period on proposed regulations in order to make allowances for the
delays in accessing data.
In the event that authors do not supply their underlying data and an agency still believes
that relying on the results of a study is warranted, the agency ought to explain why it has
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sufficient confidence to use the study. For example, the agency might note that other researchers
have already reproduced the study results or that the data are available to third parties who sign
nondisclosure agreements but that the data cannot be posted publicly.
Our recommendation is similar to one by the Administrative Conference of the United
States. In 2013, this independent federal agency made recommendations regarding the use of
science in administrative processes. Specifically, regarding policy making, the agency
recommended that “agencies should seek to provide disclosure of data underlying scientific
research, including both privately and federally funded research being considered by the
agencies. Where practicable, such information should be disclosed in machine-readable format.
Where such data are not subject to legal or other protections, and the data’s owners nonetheless
will not provide such access, agencies should note that fact and explain why they used the results
if they chose to do so.” Furthermore, “each agency should identify and make publicly available
(on the agency website or some other widely available forum) references to the scientific
literature, underlying data, models, and research results that it considered. . . . Consistent with the
limitations in the Information Quality Act (IQA) guidelines . . . each agency should ensure that
members of the public have access to the information necessary to reproduce or assess the
agency’s technical or scientific conclusions.”89
We want to clarify that we are calling for access only to the data necessary to replicate a
study. We are not calling for access to all raw research data, which are all the data collected in
the course of a research study. The data needed to replicate a study will usually have been
processed to standardize, format, and organize the information for analysis and distribution and
to exclude some raw data (e.g., lab notes that are not relevant to the results of the study as
89
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presented). This distinction is also made by journals such as Science90 and PLOSOne,91 which
require the posting of all data necessary for replication as a condition of publication.
Our recommendation is more targeted than the requirements of H.R. 1030 and S. 544 in
that it would initially require public access to data underlying a much smaller set of regulatory
decisions—those that are economically significant. This targeting would greatly reduce the
expected number of actions subject to mandatory public data access.
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